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(57) A subject information detecting unit 11 includes
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123 communicated with the opening 122, the cavity defin-
ing a closed spatial structure in a state where the subject
information detecting unit I1 is mounted on the subject
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Description
FIELD

[0001] A first aspect of the present invention relates to a subject information detecting unit that detects subject infor-
mation and a subject information processing device that processes the subject information.

[0002] A second aspect of the present invention relates to a subject information detecting unit that is attachable to a
finger of a subject to detect pulsating signals in a blood vessel in the finger.

[0003] A third aspect of the present invention relates to a subject information detecting unit having a shape grippable
with subject’s hand, the unit detecting pulsating signals in blood vessels in the fingers of the hand, and an electric
toothbrush device and an electric shaving device including the subject information detecting unit.

[0004] Afourth aspectofthe presentinvention relates to a subjectinformation detecting device and a subject information
processing device that detects and processes subject information.

[0005] A fifth aspect of the present invention relates to a subject information processing device that detects and
processes subject information.

[0006] A sixth aspect of the present invention relates to a subject information processing device that detects and
processes subject information.

[0007] A seventh aspect of the present invention relates to techniques for evaluating the degree of aging based on
heart rate data.

Background

[0008] A pressure sensing device is known which detects pulsating signals from an arm, through which relatively thick
blood vessels run, and a fingertip, in which a network of capillaries run. Such a pressure sensing device has a closed
space therein and includes one end placed on the skin of an arm or a finger of a subject to apply pressure to blood
vessels so as not to block the bloodstream and the other end provided with a pressure sensor, such as a condenser
microphone, to detect pulse waves originating from heartbeat and propagating through the blood vessels as changes
in pressure within the closed space at a high signal-to-noise ratio.

[0009] PTL 1 (Japanese Unexamined Patent Application Publication No.2010-115431) discloses an intracorporeal
sound acquiring device that includes a chassis having a cavity. The chassis is mounted on the surface skin by a fixing
member. The skin seals an opening on the mounting surface, so that vibrations of the surface skin caused by intracorporeal
sound directly propagate through the air in the cavity and are acquired by a microphone.

[0010] A condenser microphone functions as a pressure sensor that receives pressure information deriving from
pulsating signals in a blood vessel in a subject to detect the pulsating signals in the blood vessel in the subject. In
particular, an attemptis made to use an electret condenser microphone (ECM) manufactured with microelectromechanical
system (MEMS) technology (hereinafter referred to as "MEMS-ECM" or "MEMSMic".

[0011] To measure the data of a living body, a device is developed that measures the data within a continuous time
frame, for example, overnight or from the start to the end of a sport activity.

[0012] A pressure sensordetecting pulsating signals from a fingertip is known as a device used for such measurement.
A fingertip is preferred for the measurement since it has a network of capillaries running therein and the skin of its ball
is exposed without hair.

[0013] PTL 2 (Japanese Unexamined Patent Application Publication No.2001-178691) discloses an cardiovascular
evaluation system that includes a pulse wave sensor mounted on a finger of a subject and a pressure sensor disposed
at the opposite position of the nail at the fingertip to receive electric signals corresponding to the expansion or contraction
of the skin due to the bloodstream between the top joint of the finger of the subject and the fingertip.

[0014] PTL 3 (Japanese Unexamined Patent Application Publication N0.63-0154153) discloses a sensor including a
finite volume of cavity having an opening a portion with which a subject comes into contact, the opening is being closed
by the subject; and an omnidirectional microphone installed in the cavity to detect pulse waves originating in bloodstream
with the omnidirectional microphone.

[0015] PTL 2 (Japanese Unexamined Patent Application Publication No.2001-178691) discloses a pulse wave sensor
mounted on a finger and having a structure to retain the width (or height) of the finger and the pulse wave sensor at the
opposite position of the nail of the finger at a constant level by a pressure sensor.

[0016] PTL 4 (Japanese Unexamined Patent Application Publication No.11-56799) discloses a carotid pressure wave
detecting device for detecting pressure waves in a carotid of the pressed neck. The device includes a pressing surface
pressed against the neck of a living body, a plurality of pressure sensors that detect the pressure against the pressing
surface, a housing accommodating an array of the pressure sensors, and a housing mounting device to mount the
housing on the neck of the living body.

[0017] An attempt is made to detect subject information from the inside of an ear of a subject with a sensor disposed
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in the ear.

[0018] PTL 5 (Japanese Unexamined Patent Application Publication No.2006-505300) discloses a device to detect
sound from the inside of the body with an ear canal between a detecting element and the external ear shielded to detect
vibration of an eardrum caused by bioacoustic sound generated inside the living body in the ear canal.

[0019] PTL 6 (Japanese Unexamined Patent Application Publication No.2005-168884) discloses a respiration inspect-
ing device including an insert composed of an elastic material and formed so as to seal the ear canal and a chassis
composed of a material that blocks out external noise to prevent transmission into the inside, to detect the vibration or
pressure of air in the ear as a signal of the living body.

[0020] PTL 7 (Japanese Unexamined Patent Application Publication No.2010-22572) discloses a living body informa-
tion detecting device including an ear canal insert. When the ear canal insert is inserted into an ear canal, it closes the
ear canal to form a closed space with the eardrum to detect vibrating sound of the living body through the closed space.
It also discloses extraction of only signal components in a low-frequency range containing a lot of information on a living
body through a low-pass filter.

[0021] An attempt is made to extract respiration signals from respiration components which appear in the baseband
of pulsating signals in a blood vessel and are demodulated with transmission distortion.

[0022] PTL 1 (Japanese Unexamined Patent Application Publication No.2010-115431) discloses a successful acqui-
sition of respiratory sound from the surface skin of a human neck.

[0023] PTL 8 (Japanese Unexamined Patent Application Publication No.2006-55501) discloses a method for detecting
the depth of respiration including the step of detecting pulse waves of a subject with a reflective optical sensor as a pulse
wave sensor that includes a light emitting element and a light receiving element, and processing the detected pulse
wave signals to detect intrathoracic pressure.

[0024] It is known that heart rate signals indicating the pulsation of a heart contain fluctuations.

[0025] An attempt is made to use fluctuations in a heart rate signal for diagnosis. For example, the frequency (Fourier)
analysis of the heart rate variability (HRV) is used to compare high-frequency fluctuation components and low-frequency
fluctuation components of a heart rate signal to know the balance of the autonomic nervous system, such as sympathetic
and parasympathetic nerves.

[0026] A report based on the information obtained through fluctuation analysis of an electrocardiogram for 24 hours
indicates that patients with heart diseases and healthy persons have different indices of heart rate signals. In the report,
analysis using non-linear techniques called "fractal analysis" or "multifractal analysis" is performed. More specifically,
an analysis method called "detrended fluctuation analysis (DFA)" is used.

[0027] A paper (Non-patent Literature 1) is disclosed that includes calculation of heart rate fluctuations. The paper
attempts to establish the fluctuation analysis of heart rate signals using DFA as a usable diagnosis methodology or in
the form of an instrument, a circuit board, or a program.

[0028] PTL 9 (Japanese Unexamined Patent Application Publication No.2011-30984) discloses a method for detecting
the overreaction of an autonomic nervous system based on heart-rate fluctuations, without measuring a heart rate for
a long time. The method includes the steps of measuring time-series data for several minutes, creating a large number
of pseudo time-series data segments from the time-series data, and combining them to create huge data as if long-time
measurement had been performed, and performing DFA on the huge data.

[0029] PTL 10 (Japanese Unexamined Patent Application Publication No.2010-184041) discloses a method for de-
tecting the state of a heart, not by measuring a heart rate for a long time, but by continually measuring pieces of short-
period data, combining them and performing DFA on such combined data to obtain the results that would have been
obtained by measuring data for a long time and then performing DFA on such data.

[0030] PTL 11 (Japanese Unexamined Patent Application Publication No.2008-173160) discloses a method for ana-
lyzing heart-rate fluctuations. The method includes the steps of measuring heart rates to obtain time-series heart rate
data, averaging the time-series data, calculating a difference between the average and every piece of such time-series
data, calculating a difference between the two adjacent differences to create a new time-series data, dividing the new
time-series data into boxes each having a predetermined length |, re-arranging the boxes, adding the values of the re-
arranged boxes, and performing DFA on the added value to obtain a scaling index that is used to determine a health
problem.

[0031] Besides those described in PTLs 9-11, the fluctuation in heart rate signals can be analyzed by, for example,
segmenting data into shorter elements of a DFA window size and shifting the window by one element.

[0032] Inrecent years, along with the extension of average life expectancy, a rapid increase in the number of persons
over 75 years of age called "the Fourth Age" is predicted. To get ready for the full arrival of such super-aging society,
research has been made on elderly people, as well as on the aging society in general, which is also called "Gerontology".
In such research on elderly people, emphasis is placed on an enhancement in the quality of life (QOL). To date, the
concept of successful aging has been widely accepted based on the assumption that elderly people can be healthy and
self-reliant, and contribute to the society.

[0033] Research has also been made to change the concept of the conventional "successful aging" and propose a
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new life cycle in response to aging. As a part of such research, a survey has been conducted on changes in a degree
of self-reliance along with the aging of elderly people (Non-patent Literature 2).
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[NPL1]C.-K. Peng, S.Havlin, H. E. Stanley, and A. L. Goldberger, "Quantification of scaling exponents and crossover
phenomenain in non-stationary heartbeat time series", Chaos, Vol.5, 1995, pp.82-87

[NPL 2] Hiroko Akiyama, "Cyoujyu Jidai No Kagaku To Shakai No Kousou (Vision of Science and Society in Longevity
Age)", Science, lwanami-shoten, 2010, p.59-64

SUMMARY

TECHNICAL PROBLEMS

[0036] The intracorporeal sound acquiring device disclosed in PTL 1, which has an opening with a diameter of 1 mm
or 3 mm, is not intended to measure the vibrations of a thin blood vessel even if a microphone is not placed immediately
above it.

[0037] An electret condenser microphone (hereinafter referred to as "ECM") is designed to have a low sensitivity to
low-frequency signals to reduce the effect of wind, but none of the above literatures mention this characteristic of the ECM.
[0038] When the present inventors used the above-mentioned pressure sensing device that includes a condenser
microphone to detect pulsating signals, no signal was detected, depending on subjects on which the pressure sensing
device was mounted or if the pressure sensing device was mounted for a long time. Such phenomenon was sometimes
resolved by a mechanical impact applied to the pressure sensing device. It was also confirmed that a change in the
posture of the sensor varied the intensity of signal.

[0039] The present inventors, who investigated the cause of the reduction in the sensitivity of such a sensor, found
that the pressure sensing device mounted on the subject was adversely affected by the subject and thus had low
sensitivity.

[0040] A MEMSMic, used as a sensor, includes a diaphragm serving as a vibrating plate that vibrates in response to
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sound pressure information and a back plate facing the diaphragm with a gap of approximately 4 um therebetween, the
diaphragm having a floating structure. The MEMSMic or sensor is placed in a closed space which is defined when the
pressure sensing device comes into contact with the skin of a subject. Such placement causes dew condensation on
the diaphragm or the back plate. Such dew condensation causes a change in the exact positional relationship between
them. Even if such dew condensation disappears, the diaphragm cannot be restored to its original position, resulting in
the sensitivity of the sensor being left low.

[0041] An object of the first aspect of the present invention, which has been made to overcome the disadvantages of
the conventional techniques described above, is to provide a subject information detecting unit and a subject information
processing device that can prevent signal block from a sensor mounted on a subject or can maintain its original sensitivity
and thus has a high sensitivity for detecting pulsating signals from the subject, and a method for manufacturing such a
subject information detecting unit.

[0042] Although an attempt was made to detect pulsating signals in a blood vessel from a fingertip as pressure
information as described in PTL 3, a further enhancement in the detection sensitivity has been demanded. The pressure
sensor disclosed in PTL 3, having an opening of a finger size, cannot readily detect the vibrations of a blood vessel in
a certain portion of a subject with a high directivity.

[0043] An object of the second aspect of the present invention, which has been made to overcome the disadvantages
of the conventional techniques described above, is to provide a subject information detecting unit which does not require
an exact positional relationship between a sensor and a blood vessel, and has a sensing directivity and a high detection
sensitivity.

[0044] In PTL 2, a pulse wave sensor is fixed on a finger of a subject with a hook and loop fastener. The case of the
pressure sensor of the pulse wave sensor comes into contact with the finger, thereby retaining the thickness of a nail
portion. Thus, fixation of the pulse wave sensor was essential for the acquisition of pulse wave signals.

[0045] In PTL 4, a member, composed of an elastically deformable blade spring, which can extends while bending is
provided. Carotid pressure waves are measured in a state that a housing is affixed on the neck of the living body with
a gripper 12 that functions as a housing mounting device.

[0046] The devices, as shown in PTLs 2 and 4, with a pressure sensor and a detecting apparatus affixed on a subject
when detecting pulsating signals, for example, cannot readily detect pulsating signals when a subject felt something
abnormal in his/her body, or made the subject feel cumbersome to perform measurement regularly at a similar time of
day. Thus, a pulsating signal detecting device that does not require fixation during measurement and has an adequate
detection sensitivity has been demanded.

[0047] An object of the third aspect of the present invention, which has been made to overcome the disadvantages
of the conventional techniques described above, is to provide an easy-to-use subject information detecting unit.
[0048] As described in PTLs 5-7, an attempt has been made to detect subject information with an ear canal sealed
and perform signal processing on the detected subject information.

[0049] Unfortunately, complete physical sealing of the ear canal is difficult due to body hair therein and an enhancement
in detection sensitivity through sealing of the ear canal has its limitation. In the conventional signal processing on detected
subject information, an attempt has been made to extract signals in a certain frequency region, but no signal processing
was performed that focuses on the ear canal not closed completely.

[0050] An object of the fourth aspect of the present invention, which has been made to overcome the disadvantages
of the conventional techniques described above, is to provide a subject information detecting device that can detect
pulsating signals in blood vessels in the ear canal with a high sensitivity while the ear canal is completely or substantially
closed.

[0051] As described in PTLs 5 to 7, an attempt has been made to detect subject information with the ear canal sealed
and perform signal processing on the detected subject information, but detected subject information may be affected by
an external noise entering the ear canal due to incomplete sealing of the ear canal. The external noise contained in the
detected signals may conceal the target subject information of the present invention, thus precluding its detection.
[0052] In the field of music, a technique known as noise cancelling is used to reduce external noise. The frequency
range of the noise cancelling is mainly set to the human audible range of 40 to 1.5 kHz. Such noise cancelling technique
is not applicable to a non-audible low-frequency range to which the pulse waves detected around 1 Hz and containing
subject information belong.

[0053] An object of the fifth aspect of the present invention, which has been made to overcome the disadvantages of
the conventional techniques described above, is to provide a subject information processing device that can detects
pulsating signals in a blood vessel in the ear canal with a high sensitivity while the ear canal is substantially closed to
reduce the interference from external sound.

[0054] PTL 8 discloses a method for generating respiration signals through calculation of an envelope curve of detected
pulse wave signals. Unfortunately, the signal-to-noise ratio of the resulting respiration signal fails to reflect a respiration
signal that modulates a pulse wave accurately.

[0055] Besides the problems of PTLs 1, 3 and 8, the conventional method for extracting respiration components which
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appear in the baseband of vascular pulsating signals demodulated with transmission distortion produces an inadequate
signal-to-noise ratio and thus cannot extract the frequency component of a respiration signal accurately.

[0056] An object of the sixth aspect of the present invention, which has been made to overcome the disadvantages
of the conventional techniques described above, is to provide a subject information processing device that has a high
sensing directivity and can detect vascular pulsating signals and extracting respiration signals, without a requirement
for an exact positional relationship between a sensor and the blood vessel.

[0057] NPL 2 includes a report on the results of a nationwide survey of elderly people on changes with aging of daily
life. The survey has been conducted to men and women over 60 years of age across the country for 20 years since
1987. Approximately 6000 persons selected from the National Basic Resident Register at random have been subject to
the survey. The follow-up survey has been conducted to the same people once every three years. The degree of self-
reliance indicates an extent to which elderly people can perform activities of daily life, such as taking a bath, calling
someone, and going out by train or bus, with no apparatus or assistance. In other words, the degree of self-reliance
indicates an ability to live in a self-reliant manner.

[0058] In NPL 2, changes in a degree of self-reliance with aging on approximately 6000 elderly people are statistically
processed and categorized into several patterns. The typical patterns of changes in the degree of self-reliance with
aging by sex are shown in Figs. 95(a) and 95(b) (The patterns of changes in the degree of self-reliance with aging, as
shown in Figs. 95(a) and 95(b), are referred to as "aging curves"). The horizontal axis of the graphs in Figs. 95(a) and
95(b) indicates ages from 63 to 89 in blocks of three years and the vertical axis of the graphs indicates the degree of
self-reliance. For the degree of self-reliance, point 3 indicates that one can live in a self-reliant manner; point 2 indicates
that instrumental activities of daily living requires assistance; and point 1 indicates that both basic and instrumental
activities of daily living require assistance. A lower point for the degree of self-reliance indicates need of more assistance.
[0059] Men are categorized into three patterns A, B and C that correspond to changes in the degree of self-reliance
with aging (patterns of changes in the degree of self-reliance), as shown in Fig. 95(a). Approximately 20 % of the men
die of disease or require much assistance before they become 70 years of age (Pattern C). Approximately 10% retain
self-reliance until they become 80 or 90 years of age (Pattern A). The majority (approximately 70%) gradually loses the
degree of self-reliance from 75 years of age onwards (Pattern B). Men have three patterns of aging curve A-C, which
are specifically referred to as "three aging curves".

[0060] Women are categorized into two patterns D and E that correspond to changes in the degree of self-reliance
with aging, as shown in Fig. 95(b). Approximately 90% gradually decline from their mid-70s onwards (Pattern D). Ap-
proximately 10% die of disease or require much assistance by the latter half of their 60s (Pattern E). Women have two
patterns of aging curve D and E, which are specifically referred to as "two aging curves".

[0061] A lot of men suddenly lose their mobility or die of diseases, such as a stroke, whereas women tend to lose the
degree of self-reliance gradually due to motor deterioration caused by decline of bone or muscle strength. Thus, patterns
of changes in the degree of self-reliance differ between men and women.

[0062] This survey obtains data concerning changes with aging through activities of daily life, such as taking a bath,
calling someone, and going out by train or bus to evaluate the degree of self-reliance, but does not rely on data observed
from the body.

[0063] Itis obvious from NPL 2 that approximately 80 % of the people, both men and women, start to decline gradually
from the mid-70s, from which the Fourth Age (also referred to as "age of 75 or over") starts, and require some help. It
is also obvious from the aging curves in Fig. 95 that the majority of such elderly people can continue activities of daily
life with a little help, in spite of the general recognition that the elderly aged 75 or over need care.

[0064] In view of the understanding of the above-mentioned patterns of changes in the degree of self-reliance and in
preparation for the aging of society, people have begun to select a life style in which they support their own life while
receiving assistance and lead a more positive daily life, in perception of an increased necessity for assistance with aging.
To help them select such life style, there is an increasing demand for evaluating the degree of aging of the elderly.
Unfortunately, most of such evaluation of the degree of aging was based on subjective standard.

[0065] PTLs 9to 11 disclose analysis of fluctuations in heart rate data using DFA. They can show the degree of health
of subjects successfully, but cannot show the degree of aging in consideration of changes in health state with aging.
The conventional analysis of fluctuations in heart rate data mainly covers subjects aged 60 or below, and does not fully
cover those aged 60 or over.

[0066] An object of the seventh aspect of the present invention, which has been made to overcome the disadvantages
of the conventional techniques described above, is to provide an objective method for evaluating the degree of aging of
a subject through acquisition and analysis of heart rate data.

SOLUTION TO PROBLEMS

[0067] In order to achieve the above objects, the subject information detecting unit according to the first aspect of the
present invention includes a sensor mount, having an opening in a portion be in contact with a subject and an internal
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cavity communicated with the opening, the cavity defining a closed spatial structure of in a state where the subject
information detecting unit is mounted on the subject such that the opening faces the subject; a sensor disposed on the
sensor mount and receiving pressure information deriving from pulsating signals in a blood vessel in the subject to detect
the pulsating signals in the blood vessel in the subject; and a film member separating the opening of the sensor mount
from the sensor and blocking the permeation of moisture, wherein the sensor detects the pressure information deriving
from the pulsating signals in the blood vessel in the subject, through the opening, the cavity, and the film member.
[0068] In order to achieve the above objects, the subject information detecting unit according to the second aspect of
the present invention includes a body mountable on a finger of the subject, the body mountable on a finger of a subject,
the body having a cavity that has an opening at a contact portion with the skin of the finger when the subject information
detecting unit is mounted on the finger such that the opening is in contact with the skin of the finger; and a first sensor,
being disposed in the body, the first sensor being configured to detect pulsating signals in a blood vessel in the finger,
the pulsating signals entering through the opening of the body, the pulsating signals being detected in the form of pressure
information deriving from the pulsating signals and propagating through the cavity.

[0069] In order to achieve the above objects, the subject information detecting unit according to the third aspect of the
present invention includes a chassis having an outer shape grippable with a hand of a subject, wherein the chassis is
a cylindrical or oval member and is provided with a first sensor that detect pulsating signals in blood vessels in the fingers
of the hand gripping the chassis.

[0070] In order to achieve the above objects, the subject information detecting device according to the fourth aspect
of the present invention includes a chassis mountable on an external ear of a subject so as to block the external opening
of the ear canal of the subject to form the ear canal into a cavity having a closed or substantially closed spatial structure;
and a first sensor, being disposed in the chassis, that detects pulsating signals in a blood vessel in the ear canal, the
pulsating signal being detected in the form of pressure information deriving from the pulsating signals and propagating
through the cavity.

[0071] In order to achieve the above objects, the subject information processing device according to the fifth aspect
of the present invention includes a subject information detecting device including: a chassis mountable on an external
ear of a subject so as to block the external opening of the ear canal of the subject to form the ear canal into a cavity
having a closed or substantially closed spatial structure; an internal sensor, being disposed in the chassis, that detects
pulsating signals based on pulse wave information in a blood vessel in the ear canal, the pulsating signals detected
being in the form of pressure information propagating through the cavity and deriving from the pulsating signals, the
pulsating signals having frequency characteristics of reduced gain in a lower frequency region, and the internal sensor
further detecting external signals based on sounds from outside the ear canal the external signals having frequency
characteristics ofincreased gain in a lower frequency region; and an external sensor that collects external sounds outside
the ear canal a leakage corrector that performs leakage correction by increasing the gain in the lower frequency region
of the signal from the external sensor so as to have frequency characteristics equivalent to frequency characteristics of
an external signal detected at the internal sensor; a subtractor that subtracts the signal processed by the leakage corrector
from the signal from the internal sensor; and a waveform equalizer that performs waveform equalization by increasing
the gain in the low frequency region of the signal processed by the subtractor so as to compensate for the reduced gain
of the signal detected at the internal sensor in the low frequency region.

[0072] In order to achieve the above objects, the pulsating signal detecting unit according to the sixth aspect of the
present invention includes a pulsating signal detecting unit and a frequency demodulator, the pulsating signal detecting
unit including a sensor that receives pressure information deriving from pulsating signals in a blood vessel in the subject
and detects the pulsating signals in the blood vessel in the subject, and a sensor mount having a cavity in communicated
with a pressure information passage of the sensor, an opening in a portion facing the subject, the cavity having a closed
spatial structure in a state where the pulsating signal detecting unit is mounted such that the opening faces the subject;
and a frequency demodulator performs frequency demodulation on pulsating signal output from the sensor in the pulsating
signal detecting unit to extract a respiration signal contained in the pulsating signal output.

[0073] Inorderto achieve the above objects, a method of evaluating a degree of aging according to the seventh aspect
of the present invention includes a basic time-series data acquiring step for acquiring basic time-series data from data
having common characteristics distributed over time in heart rate data; an aging degree evaluation data acquiring step
for extracting fluctuation information from the basic time-series data acquired by the basic time-series data acquiring
step to acquire data for evaluating the degree of aging from data containing the fluctuation information; and an aging
degree evaluating step for comparing the data for evaluating the degree of aging acquired by the aging degree evaluation
data acquiring step with reference data for evaluating the degree of aging used as a reference value to evaluate the
degree of aging.

ADVANTAGEOUS EFFECTS

[0074] According to the first aspect of the present invention, the subject information detecting unit, which includes a
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film member, can prevent the signal block from a sensor or a reduction in sensitivity due to water vapor generated by
the subject.

[0075] The second aspect of the present invention can provide a subject information detecting unit including a mech-
anism that does not require an exact positional relationship between the sensor and a blood vessel, and detecting
pulsating signals in the blood vessel.

[0076] According to the third aspect of the present invention, the subject information detecting unit can be readily
gripped with stable hand gripping force. This allows the subject information detecting unit to detect stable pulsating
signals readily.

[0077] According to the fourth aspect of the present invention, the external opening in the ear canal of a subject is
blocked with the chassis to form the ear canal into a cavity that defines a closed or substantially closed spatial structure.
This allows the first sensor to detect pulsating signals in a blood vessel in the ear canal as pressure information deriving
from the pulsating signals and propagating through the cavity, thereby improving the signal-to-noise ratio and the sen-
sitivity of the pulsating signal in a low frequency region.

[0078] According to the fifth aspect of the present invention, the internal sensor detects pulsating signals in a blood
vessel in an ear canal as pressure information deriving from the pulsating signals and propagating through the cavity
with the ear canal functioning as a cavity that defines a substantially closed spatial structure, while the external sensor
collects external sounds, and subjects them to leakage correction and subtraction processing. This improves the signal-
to-noise ratio and sensitivity of the pulsating signal in a low frequency region and leads to pulsating signals less affected
by the external sounds.

[0079] The sixth aspect of the present invention provides a subject information detecting device that includes a mech-
anism that does not require an exact positional relationship between the sensor and a blood vessel, detects pulsating
signals in the blood vessel, and extacts respiration signals.

[0080] The seventh aspect of the present invention provides an objective method of evaluating a degree of aging
including the steps of detecting and analyzing heart rate data.

BRIEF DESCRIPTION OF DRAWINGS

[0081]

Fig. 1is aschematic view of a configuration of a subject information processing device according to a firstembodiment
of a first aspect of the present invention.

Fig. 2 is a schematic view of a configuration of a pulsating signal detecting unit according to the first embodiment
of the first aspect of the present invention.

Fig. 3 illustrates an exemplary relationship between the diameter of an opening of a subject information detecting
unit and signal strength.

Fig. 4 is a block diagram illustrating a functional configuration of the subject information processing device according
to the first embodiment of the first aspect of the present invention.

Fig. 5is a block diagram illustrating a functional configuration of the subject information processing device according
to the first embodiment of the first aspect of the present invention.

Fig. 6 is a block diagram illustrating an exemplary functional configuration of a frequency corrector.

Fig. 7 is a block diagram illustrating an exemplary functional configuration of an extractor.

Fig. 8 is a flowchart illustrating an exemplary process in the subject information processing device.

Fig. 9 is a flowchart illustrating another exemplary process in the subject information processing device.

Fig. 10 is a flowchart illustrating another exemplary process in the subject information processing device.

Fig. 11 illustrates an exemplary graphical representation of frequency response with a microphone in an open state.
Fig. 12 illustrates an exemplary graphical representation of frequency response with a microphone in a closed state.
Fig. 13(a) is a graphical representation of the low frequency characteristics when a dynamic earphone and MEMS-
ECM define a closed cavity; Fig. 13(b) is a graphical representation of frequency characteristics after an integral
operation where a dynamic earphone and MEMS-ECM define a closed cavity; Fig. 13(c) is a graphical representation
of frequency characteristics after a differential operation where a dynamic earphone and MEMS-ECM define a
closed cavity.

Fig. 14 illustrates an exemplary frequency correction processing on pulsating signal output.

Fig. 15(a) illustrates an exemplary graphical representation of a volume pulse waveform measured without a film
member; Fig. 15(b) illustrates an exemplary graphical representation of a speed pulse waveform measured without
a film member; Fig. 15(c) illustrates an exemplary graphical representation of an acceleration pulse waveform
measured without a film member.

Fig. 16 illustrates an exemplary waveform of a pulsating signal detected with a subject information detecting unit
having variable postures, the subject information detecting unit being free of a film member and being mounted on
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a subject, after application of a mechanical impact to the inactivated unit to restore its function to emit signals.
Fig. 17 is a schematic view of an example configuration of a diaphragm and a back plate of a MEMS-ECM.

Fig. 18(a) illustrates frequency characteristics of a speed pulse wave signal in the subject information detecting unit
according to the first embodiment of the first aspect of the present invention; Fig. 18(b) illustrates a volume pulse
wave signal in the subject information detecting unit according to the first embodiment of the first aspect of the
present invention.

Fig. 19(a) illustrates an exemplary volume pulse waveform measured with a PET film having a thickness of 9 pm
as a film member; Fig. 19(b) illustrates an exemplary speed pulse waveform measured with a PET film having a
thickness of 9 um as a film member; Fig. 19(c) illustrates an exemplary acceleration pulse waveform measured with
a PET film having a thickness of 9um as a film member.

Fig. 20(a) illustrates an exemplary volume pulse waveform measured with a PET film having a thickness of 25 pm
as a film member; Fig. 20(b) illustrates an exemplary speed pulse waveform measured with a PET film having a
thickness of 25 pum as a film member; Fig. 20(c) illustrates an exemplary acceleration pulse waveform measured
with a PET film having a thickness of 25 um as a film member.

Fig. 21(a) illustrates an exemplary volume pulse waveform measured with a PET film having a thickness of 38 pum
as a film member; Fig. 21(b) illustrates an exemplary speed pulse waveform measured with a PET film having a
thickness of 38 um as a film member; Fig. 21(c) illustrates an exemplary acceleration pulse waveform measured
with a PET film having a thickness of 38 um as a film member.

Fig. 22 illustrates the relationship between the thickness of a film member and the amplitude of a speed pulse wave
signal.

Fig. 23(a) illustrates an exemplary volume pulse waveform measured with a pressure information passage sealed
with afilm member; Fig. 23(b) illustrates an exemplary speed pulse waveform measured with the pressure information
passage sealed with a film member; Fig. 23(c) illustrates an exemplary acceleration pulse waveform measured with
the pressure information passage sealed with a film member.

Fig. 24 illustrates the primary vibration mode.

Fig. 25 illustrates the frequency response of a tensioned film member.

Fig. 26(a) is a schematic view of a configuration of a subject information detecting unit according to a first embodiment
of a second aspect of the present invention, in which a first sensor mount has a ring member and a cap member;
Fig. 26(b) is a schematic view of a configuration of the subject information detecting unit according to the first
embodiment of the second aspect of the present invention, in which the first sensor mount is composed of a recess
member.

Fig. 27 is a block diagram illustrating an exemplary functional configuration of a signal processor.

Fig. 28(a) is a schematic view of a configuration of a subject information detecting unit according to a first variation
of the first embodiment of the second aspect of the present invention, in which a first sensor mount has a ring
member and cap member; Fig. 28(b) is a schematic view of a configuration of the subject information detecting unit
according to the first variation of the first embodiment of the second aspect of the present invention, in which the
first sensor mount is composed of a recess member.

Fig. 29(a) is a schematic view of a configuration of a subject information detecting unit according to the second
embodiment of the second aspect of the present invention, in which a first sensor mount has a ring member and a
cap member; Fig. 29(b) is a schematic view of a configuration of the subject information detecting unit according to
the second embodiment of the second aspect of the present invention, in which the first sensor mount is composed
of a recess member.

Fig. 30 illustrates waveforms to explain exemplary signal processing in a light emission controller; Fig. 30(a) illustrates
an exemplary volume pulse wave detected by the first sensor; Fig. 30(b) illustrates an exemplary speed pulse wave
detected by the first sensor; Fig. 30(c) illustrates an exemplary timing of generating an optical signal from a A1 light
source; Fig. 30(d) illustrates an exemplary timing of generating of an optical signal from a A2 light source; Fig. 30(e)
illustrates an exemplary signal of transmitted light detected by a light detector; Fig. 30(f) illustrates an exemplary
signal, from a light detector, sample-held in the form of the amount of transmitted light from the A1 light source; Fig.
30(g) illustrates an exemplary signal, from a light detector, sample-held in the form of the amount of transmitted
light from the A2 light source.

Fig. 31 is a block diagram illustrating an exemplary functional configuration of the light emission controller.

Fig. 32 is a schematic view of an exemplary configuration of a body.

Fig. 33(a) illustrates a configuration of a subject information detecting unit with a first opening and a first cavity
defined according to a first embodiment of a third aspect of the present invention, in particular a schematic config-
uration of a cylindrical chassis; Fig. 33(b) illustrates a configuration of the subject information detecting unit with the
first opening and the first cavity defined according to the first embodiment of the third aspect of the present invention,
in particular a schematic configuration of an oval chassis.

Fig. 34(a) illustrates a configuration of a subject information detecting unit with a light transmitting unit provided
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according to the first embodiment of the third aspect of the present invention, in particular a schematic configuration
of a cylindrical chassis; Fig. 34(b) illustrates a configuration of the subject information detecting unit with a light
transmitting unit provided according to the first embodiment of the third aspect of the present invention, in particular
a schematic configuration of an oval chassis.

Fig. 35 is a block diagram illustrating an exemplary functional configuration of the subject information detecting unit
according to the first embodiment of the third aspect of the present invention.

Fig. 36 is a block diagram illustrating another exemplary functional configuration of the subject information detecting
unit according to the first embodiment of the third aspect of the present invention.

Fig. 37(a) is a schematic view of the subject information detecting unit according to the first embodiment of a third
aspect of the present invention, illustrating a cross-sectional view of the relationship between a finger and the subject
information detecting unit; Fig. 37(b) is a schematic view of the subject information detecting unit according to the
first embodiment of the third aspect of the present invention, illustrating a configuration around the first opening.
Fig. 38 is a schematic view of an exemplary configuration of a photo interrupter functioning as the first sensor.
Fig. 39 is a schematic view of an exemplary configuration of a PZT element circuit functioning as the first sensor.
Fig. 40 is a schematic view of a response waveform to a pulse wave detected by a photo interrupter functioning as
the first sensor.

Fig. 41 is a schematic view of a subject notifier unit of the subject information detecting unit according to the first
embodiment of the third aspect of the present invention.

Fig. 42 is a schematic view of exemplary changes in pulse wave in response to changes in pressing force.

Fig. 43 is a block diagram illustrating a functional configuration of a signal processor of the subject information
detecting unit according to the first embodiment of the third aspect of the present invention.

Fig. 44 illustrates exemplary waveform processing performed by a peak-hold circuit and a bottom-hold circuit; Fig.
44(a) illustrates a waveform before processing; Fig. 44(b) illustrates output from the bottom-hold circuit after bottom-
hold processing; Fig. 44(c) illustrates output from the peak-hold circuit after peak-hold processing; Fig. 44(d) illus-
trates the waveform of high-frequency components detected from the waveform in Fig. 44(a) by a band-pass filter.
Fig. 45(a) illustrates exemplary changes in pulse waveform in response to changes in pressing force, in particular,
the pulse waveform when a weak pressing force is applied; Fig. 45(b) illustrates exemplary changes in pulse waveform
in response to changes in pressing force, in particular, illustrates the pulse waveform when a strong pressing force
is applied.

Fig. 46 illustrates an exemplary adjustment of pressing force in response to the pulse waveform; Fig. 46(a) illustrates
a volume pulse wave detected by the first sensor; Fig. 46(b) illustrates a speed pulse wave detected by the first
sensor; Fig. 46(c) illustrates the timing of a pulse wave during one cycle; Fig. 46(d) illustrates the timing of PLL
input; Fig. 46(e) illustrates the timing of the second peak of a speed pulse wave when an appropriate pressing force
is applied; Fig. 46 (f) illustrates an acceleration pulse wave when an appropriate pressing force is applied; Fig. 46(g)
illustrates an acceleration pulse wave when a large pressing force is applied; Fig. 46 (h) illustrates an acceleration
pulse wave when a small pressing force is applied.

Fig.47(a)illustrates an exemplary waveform generated in an electric shaving device according to the firstembodiment
of the third aspect of the present invention, in particular the waveform of noise components of the electric shaving
device; Fig. 47(b) illustrates an exemplary waveform generated in the electric shaving device according to the first
embodiment of the third aspect of the present invention, in particular the volume pulse waveform of a pulsating
signal detected from a fingertip; Fig. 47(c) illustrates an exemplary waveform generated in the electric shaving device
according to the first embodiment of the third aspect of the present invention, in particular the speed pulse waveform
of a pulsating signal detected from a fingertip.

Fig. 48 is a schematic view of a structure of the electric shaving device according to the first embodiment of the third
aspect of the present invention.

Fig. 49(a) illustrates an exemplary waveform generated in the electric toothbrush according to the first embodiment
of the third aspect of the present invention, in particular the waveform of noise components of the electric toothbrush;
Fig. 49(b) illustrates an exemplary waveform generated in the electric toothbrush according to the first embodiment
of the third aspect of the present invention, in particular the volume pulse waveform of a pulsating signal detected
from a fingertip; Fig. 49(c) illustrates an exemplary waveform generated in the electric toothbrush according to the
first embodiment of the third aspect of the present invention, in particular the speed pulse waveform of a pulsating
signal detected from a fingertip.

Fig. 50 is a schematic view of an exemplary configuration of a second light source and a second sensor of a subject
information detecting unit according to a second embodiment of the third aspect of the present invention.

Fig. 51 is a schematic view of an exemplary optical combining system and an exemplary third sensor in the subject
information detecting unit according to the second embodiment of the third aspect of the present invention.

Fig. 52 is a block diagram illustrating an exemplary functional configuration of the subject information detecting unit
according to the second embodiment of the third aspect of the present invention.
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Fig. 53 illustrates a waveform to explain an exemplary signal control in a light emission controller in the subject
information detecting unit according to the second embodiment of the third aspect of the present invention; Fig.
53(a) illustrates the timing of a pulse wave based on one cycle; Figs. 53(b1) to 53(b8) illustrate an exemplary signal
control for measuring oxygen saturation; Figs. 53(c1) to 53(c24) illustrate an exemplary signal control for measuring
a blood-sugar level.

Fig. 54 is a schematic view of an exemplary relationship between a subject information detecting device according
to an embodiment of a fourth aspect of the present invention and an external ear.

Fig. 55 is a block diagram illustrating an exemplary functional configuration of the subject information detecting
device and a subject information processing device according to a first embodiment of the fourth aspect of the
present invention.

Fig. 56(a) illustrates frequency characteristics when a dynamic earphone and a MEMS-ECM define a closed cavity;
Fig. 56(b) illustrates an exemplary frequency characteristics from a compensating circuit; Fig. 56(c) illustrates fre-
quency characteristics when a signal passes through the compensating circuit.

Fig. 57(a) illustrates the frequency characteristics of a pulsating signal when the ear canal is not completely closed;
Fig. 57(b) illustrates the frequency characteristics of frequency compensation so as to raise a low frequency region
in the detecting bandwidth of pulse wave information.

Fig. 58(a) illustrates an exemplary waveform of a signal detected by a subject information detecting device according
to the first embodiment of the fourth aspect of the present invention, in particular a waveform acquired by integration
of the detected signal; Fig. 58(b) illustrates an exemplary waveform of a signal detected by the subject information
detecting device according to the first embodiment of the fourth aspect of the present invention, in particular the
waveform of the detected signal; Fig. 58(c) illustrates an exemplary waveform of a signal detected by the subject
information detecting device according to the first embodiment of the fourth aspect of the present invention, in
particular a waveform acquired by differential of the detected signal.

Fig. 59(a) illustrates an exemplary waveform acquired when pulsating signals are detected in a blood vessel using
a MEMS-ECM after a closed cavity is formed on a fingertip or arm, in particular a waveform acquired by integration
of the detected signal; Fig. 59(b) illustrates an exemplary waveform acquired when pulsating signals are detected
in a blood vessel using a MEMS-ECM after a closed cavity formed on a fingertip or arm, in particular the waveform
of the detected signal; Fig. 59(c) illustrates an exemplary waveform acquired when pulsating signals are detected
in a blood vessel using a MEMS-ECM after a closed cavity is formed on a fingertip or arm, in particular a waveform
acquired by differential of the detected signal.

Fig. 60 illustrates an exemplary compensation pattern of frequency characteristics according to an embodiment of
the fourth aspect of the present invention.

Fig. 61 illustrates an exemplary electric circuit that compensates for frequency characteristics according to the
embodiment of the fourth aspect of the present invention.

Fig. 62 illustrates an exemplary bode plot for an electric circuit that compensates for frequency characteristics
according to the embodiment of the fourth aspect of the present invention.

Fig. 63(a) illustrates an exemplary waveform of a signal detected by the subject information detecting device ac-
cording to the first embodiment of the fourth aspect of the present invention which undergoes compensation of the
frequency characteristics in the frequency region between 0.1 Hz and 0.68 Hz, in particular a waveform acquired
by integration of the detected signal subject to the frequency-characteristic compensation; Fig. 63(b) illustrates an
exemplary waveform of a signal detected by the subject information detecting device according to the first embod-
iment of the fourth aspect of the present invention which undergoes compensation of the frequency characteristics
in the frequency region between 0.1 Hz and 0.68 Hz, in particular the waveform of the detected signal after the
frequency-characteristic compensation; Fig. 63(c) illustrates an exemplary waveform of a signal detected by the
subject information detecting device according to the first embodiment of the fourth aspect of the present invention
which undergoes compensation of the frequency characteristics in the frequency region between 0.1 Hz and 0.68
Hz, in particular a waveform acquired by differential of the detected signal after the frequency-characteristic com-
pensation.

Fig. 64(a) illustrates an exemplary waveform of a signal detected by the subject information detecting device ac-
cording to the first embodiment of the fourth aspect of the present invention which undergoes compensation of the
frequency characteristics in the frequency region between 0.1 Hz and 7 Hz, in particular a waveform acquired by
integration of the detected signal after the frequency-characteristic compensation; Fig. 64(b) illustrates an exemplary
waveform of a signal detected by the subject information detecting device according to the first embodiment of the
fourth aspect of the present invention which undergoes compensation of the frequency characteristics in the fre-
quency region between 0.1 Hz and 7 Hz, in particular the waveform of the detected signal after the frequency-
characteristic compensation; Fig. 64(c) illustrates an exemplary waveform of a signal detected by the subject infor-
mation detecting device according to the first embodiment of the fourth aspect of the present invention which un-
dergoes compensation of the frequency characteristics in the frequency region between 0.1 Hzand 7 Hz, in particular
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a waveform acquired by differential of the detected signal after the frequency-characteristic compensation.

Fig. 65(a) illustrates an exemplary waveform of a signal detected by the subject information detecting device ac-
cording to the first embodiment of the fourth aspect of the present invention which undergoes compensation of the
frequency characteristics in the frequency region between 0.1 Hz and 10.6 Hz, in particular a waveform acquired
by integration of the detected signal after the frequency-characteristic compensation; Fig. 65(b) illustrates an ex-
emplary waveform of a signal detected by the subject information detecting device according to the first embodiment
of the fourth aspect of the present invention which undergoes compensation of the frequency characteristics in the
frequency region between 0.1 Hz and 10.6 Hz, in particular the waveform of the detected signal after the frequency-
characteristic compensation; Fig. 65(c) illustrates an exemplary waveform of a signal detected by the subject infor-
mation detecting device according to the first embodiment of the fourth aspect of the present invention which un-
dergoes compensation of the frequency characteristics in the frequency region between 0.1 Hz and 10.6 Hz, in
particular a waveform acquired by differential of the detected signal after the frequency-characteristic compensation.
Fig. 66 is a block diagram illustrating an exemplary circuit determining compensation of frequency characteristics
and an optimum amount of boost according to the first embodiment of the fourth aspect of the present invention.
Fig. 67(a-1) illustrates frequency-characteristic compensation according to an embodiment of the fourth aspect of
the present invention, in particular illustrates the pulse waveform after frequency compensation by a first frequency-
characteristic compensator; Fig. 67(a-2) illustrates frequency-characteristic compensation according to the embod-
iment of the fourth aspect of the present invention, in particular illustrates the pulse waveform after frequency
compensation by a second frequency-characteristic compensator; Fig. 67(a-3) illustrates frequency-characteristic
compensation according to the embodiment of the fourth aspect of the present invention, in particular illustrates the
pulse waveform after frequency compensation by a third frequency-characteristic compensator; Fig. 67(b-1) illus-
trates frequency-characteristic compensation according to the embodiment of the fourth aspect of the present in-
vention, in particular is a schematic view of the frequency characteristics of the frequency compensation by the first
frequency-characteristic compensator; Fig. 67(b-2) illustrates frequency-characteristic compensation according to
the embodiment of the fourth aspect of the present invention, in particular is a schematic view of the frequency
characteristics of the frequency compensation by the second frequency-characteristic compensator; Fig. 67(b-3)
illustrates frequency-characteristic compensation according to the embodiment of the fourth aspect of the present
invention, in particular is a schematic view of the frequency characteristics of the frequency compensation by the
third frequency-characteristic compensator.

Fig. 68 is a schematic view of locking phase and sampling points in frequency characteristic compensation according
to the first embodiment of the fourth aspect of the present invention.

Fig. 69 illustrates relationship between sealing level of an ear canal and type of earphone.

Fig. 70 is a flowchart illustrating an exemplary process in the subject information detecting device and the subject
information processing device according to the first embodiment of the fourth aspect of the present invention.

Fig. 71 is another flowchart illustrating an exemplary process in the subject information detecting device and the
subject information processing device according to the first embodiment of the fourth aspect of the present invention.
Fig. 72 is a schematic view of a configuration of a subject information processing device according to an embodiment
of a fifth aspect of the present invention.

Fig. 73 is a schematic view of an exemplary relationship between a subject information detecting device according
to the embodiment of the fifth aspect of the present invention and an external ear.

Fig. 74(a)illustrates an exemplary a pulsating signal detected by an internal sensor; Fig. 74(b) illustrates an exemplary
external signal detected by the internal sensor; Fig. 74(c) illustrates exemplary frequency characteristics in waveform
equalization processing; Fig. 74(d) illustrates exemplary frequency characteristics in leakage correction processing.
Fig. 75 illustrates an exemplary relationship between frequency of noise cancelling in the voice band and an amount
of noise cancelled.

Fig. 76 is a block diagramiillustrating a functional configuration of the subjectinformation processing device according
to the embodiment of the fifth aspect of the present invention.

Fig. 77 is a flowchart illustrating an exemplary processing of the subject information processing device according
to the embodiment of the fifth aspect of the present invention.

Fig. 78 is a schematic view of the configuration of a subject information processing device according to an embodiment
of the sixth aspect of the present invention.

Fig. 79 is a block diagramiillustrating a functional configuration of the subjectinformation processing device according
to the embodiment of the sixth aspect of the present invention.

Fig. 80 is a block diagramiillustrating a functional configuration of the subjectinformation processing device according
to the embodiment of the sixth aspect of the present invention.

Fig. 81 is a flowchart illustrating an exemplary process in the subject information processing device.

Fig. 82 is a flowchart illustrating another exemplary process in the subject information processing device.

Fig. 83 is a schematic view of an exemplary configuration of a MEMS-ECM to explain a method for measuring
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frequency characteristics.

Fig. 84 illustrates exemplary frequency characteristics in a low frequency range when a closed cavity is formed in
a MEMS-ECM.

Fig. 85 illustrates exemplary frequency characteristics after frequency correction of a pulse wave measured by a
MEMS-ECM.

Fig. 86 illustrates an exemplary analog circuit for frequency correction.

Fig. 87(a) illustrates an exemplary volume pulse waveform measured at the radial bone in a wrist using a MEMS-
ECM; Fig. 87(b) illustrates an exemplary speed pulse waveform measured at the radial bone in a wrist using a
MEMS-ECM,; Fig. 87(c) illustrates an exemplary acceleration pulse waveform measured at the radial bone in a wrist
using a MEMS-ECM.

Fig. 88(a) illustrates a volume pulse wave measured at a carotid using a piezoelectric element; Fig. 88(b) illustrates
a speed pulse wave measured at a carotid using a piezoelectric element; Fig. 88(c) illustrates an acceleration pulse
wave measured at a carotid using a piezoelectric element.

Fig. 89 is a schematic view of an exemplary configuration of a pulsating signal detecting unitincludinga MEMS-ECM.
Fig. 90 is a schematic view of another exemplary configuration of the pulsating signal detecting unit including a
MEMS-ECM.

Fig. 91 is a block diagram illustrating a functional configuration of a part of the subject information processing device
including an ECM (pulsating signal unit and signal corrector).

Fig. 92 illustrates exemplary frequency spectra of a volume pulse wave and an acceleration pulse wave when a
subject respires normally.

Fig. 93 illustrates exemplary frequency spectra of a volume pulse wave and an acceleration pulse wave when a
subject stops respiring.

Fig. 94(a) illustrates a method for extracting a respiration waveform, in particular an exemplary respiration waveform
extracted; Fig. 94(b) illustrates a method for extracting a respiration waveform, in particular an exemplary volume
pulse waveform extracted.

Fig. 95(a) illustrates a pattern of changes in the degree of self-reliance with aging, in particular those of men; Fig.
95(b) illustrates a pattern of changes in the degree of self-reliance with aging, in particular those of women.

Fig. 96 is a schematic view of an exemplary configuration for obtaining an electrocardiogram.

Fig. 97 illustrates exemplary electrocardiographic data.

Fig. 98 illustrates an exemplary relationship between the number of R-R intervals and an R-R interval.

Fig. 99 illustrates an exemplary comparison and evaluation between DFA inclination and aging curves.

Fig. 100 is a schematic view of a hardware configuration of an aging evaluating device according to an embodiment
of the seventh aspect of the present invention.

Fig. 101 is a schematic view of a functional configuration of the aging evaluating device according to the embodiment
of the seventh aspect of the present invention.

Fig. 102 is a flowchart illustrating the operation of the aging evaluating device according to the embodiment of the
seventh aspect of the present invention.

Fig. 103 is a flowchart explaining a method for evaluating the degree of aging according to an embodiment.

Fig. 104(a) illustrates a waveform of a heart rate data according to the embodiment, in particular, a pulse wave
waveform of a male subject aged 62; Fig. 104(b) illustrates a waveform of a heart rate data according to the
embodiment, in particular, an electrocardiogram of a male subject aged 66; Fig. 104(c) illustrates a waveform of a
heart rate data according to the embodiment, in particular, an electrocardiogram of a male subject aged 89.

Fig. 105(a) illustrates basic time-series data according to the embodiment, in particular, the relationship between
the number of peak-to-peak intervals and the lengths of peak-to-peak intervals of a male subject aged 62; Fig.
105(b) illustrates basic time-series data according to the embodiment, in particular, the relationship between the
number of R-R intervals and the lengths of R-R intervals of a male subject aged 66; Fig. 105(c) illustrates basic
time-series data according to the embodiment, in particular, the relationship between the number of R-R intervals
and the lengths of R-R intervals of a male subject aged 89.

Fig. 106(a) illustrates data for evaluating the degree of aging according to the embodiment, in particular, the rela-
tionship between a window size n and a DFA inclination of a male subject aged 62 for each measurement interval;
Fig. 106(b) illustrates data for evaluating the degree of aging according to the embodiment, in particular, the rela-
tionship between a window size n and a DFA inclination of a male subject aged 66 for each measurement interval;
Fig. 106(c) illustrates data for evaluating the degree of aging according to the embodiment, in particular, the rela-
tionship between window size n and a DFA inclination of a male subject aged 89 for each measurement interval.
Fig. 107 illustrates the relationship between a DFA inclination and an aging curve according to the embodiment.
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DESCRIPTION OF PREFERRED EMBODIMENT

[0082] With reference to the drawings, the embodiments of the first to the seventh aspects of the present invention
will be described. The present invention is not limited to these embodiments, and various changes may be made without
departing from the scope of the invention.

[I. Subject information detecting unit including film member and subject information processing device]

[0083] The embodiments of the subject information detecting unit that includes a film member and the subject infor-
mation processing device according to the first aspect of the present invention will now be described. The first aspect
of the present invention is referred to as "the present invention" in this embodiment.

[0084] With reference to the drawings, the embodiments of the subject information detecting unit that include a film
member and the subject information processing device according to the present invention will be described. The present
invention should not be limited to these embodiments, and any modification may be made without departing from the
scope of the invention.

[I-1. Subject information detecting unit and subject information processing device]
[I-1-1. Exemplary configuration of subject information detecting unit and subject information processing device]

[0085] A subjectinformation processing device I3 according to the first embodiment of the subject information detecting
unit including a film member and subject information processing device according to the present invention includes a
subject information detecting unit 11 and a signal processor 12, as shown in Fig. 1.

[0086] The subject information detecting unit I1 according to the first embodiment includes a sensor mount 121, a
sensor 131 and a film member 111, as shown in Figs. 1 and 2.

[0087] The signal processor 12 includes a frequency corrector 151 and an extractor 161, as shown in Fig. 1.

[0088] The configuration of the subject information detecting unit 11, the signal processor 12 and the subject information
processing device 13 according to the first embodiment, and elements constituting these units will be described in details.
[0089] Fig. 1is a schematic view of a configuration of the subject information processing device 13 according to the
first embodiment of the first aspect of the present invention. Fig. 2 is a schematic view of the detailed structure of the
subject information detecting unit 11 shown in Fig. 1.

<Configuration of subject information detecting unit>

[0090] Asshownin Fig. 1, the subject information detecting unit I1 includes the sensor mount 121, the sensor 131, and
the film member [11. The sensor mount 121 has an opening 122 in a portion that is in contact with a subject 191 and an
internal cavity 123 that communicates with the opening 122. The sensor 131, disposed on the sensor mount 121, receives
pressure information deriving from pulsating signals in a blood vessel 192 in the subject 191 to detect the pulsating signals
from the blood vessel 192 in the subject 191. The film member [11 separates the opening 122 of the sensor mount 121
from the sensor 131 to block the permeation of moisture.

[0091] In the subject information detecting unit 11, the cavity 123 defines a closed spatial structure in a state where the
subject information detecting unit I1 is mounted on the subject 191 such that the opening 122 of the sensor mount 121
faces the subject 191. This structure allows the sensor 131 to detect pressure information deriving from pulsating signals
in the blood vessel 192 in the subject 191, and propagating through the opening 122, the cavity 123, and the film member111.

(Sensor mount)

[0092] As shown in Fig. 1, the sensor mount 121 is a portion that comes into contact with a skin 193 of the subject 191
when the subject information detecting unit 11 is mounted on the subject 191. The sensor mount 121 is composed of a
ring member 124, which includes the opening 122 in a portion that comes into contact with the subject 191. The ring
member 124 is provided such that it comes into contact with the surface of the sensor 131 having a pressure information
passage 132 therein and facing the opening 122. The ring member 124 includes the internal cavity 123 that allows the
opening 122 to communicate with the pressure information passage 132 of the sensor 131.

[0093] The sensor mount 121 has the sensor 131 mounted thereon and defines a closed spatial structure by a space
consisting of the cavity 123 and an air chamber 134 in the sensor 131 when the sensor mount 121 is mounted on the
subject 191 such that the opening 122 faces the subject 191. The closed spatial structure defined by the cavity 123 may
be referred to as a "closed cavity".

[0094] The ring member 124 that defines the closed cavity is preferably composed of an elastic material. Alternatively,

14



10

15

20

25

30

35

40

45

50

55

EP 2 881 035 A1

the ring member may be composed of any resin or metal that can form the cavity 123 confining pulsating signals from
the subject 191. A rigid material may be used for the ring member 124 for the purpose of defining the closed cavity 123.
Alternatively, a material having a high affinity for the skin and a high elasticity, such as rubber or silicone, is preferred
at least for the side that comes into contact with the skin, in view of the characteristics of the skin (flexibility).

[0095] The ring member 124 preferably has a cylindrical or annular shape. Its one end is in contact with the opening
122 and the other end is in contact with the surface having the pressure information passage 132 of the sensor 131 therein,
and includes the cavity 123 that allows the opening 122 to communicate with the pressure information passage 132 of
the sensor 131.

[0096] The sensor mount 121 includes the cavity 123 that communicates the pressure information passage 132 of the
sensor 131 with the opening 122, and the sensor mount defines a closed spatial structure by the space consisting of the
cavity 123 and the air chamber 134 in the sensor 131 in a state where the sensor mount 121 is mounted such that the
opening 122 faces the subject [191. A film member 111 is disposed in the cavity of the sensor mount 121 to separate the
opening 122 of the sensor mount 121 from the sensor 131. This partitions the internal cavity 123 of the sensor mount 121
into a subject-adjacent space 125 and a sensor-adjacent space 126; the subject-adjacent space 125 faces the skin 193
of the subject 191 via the opening 122 and the sensor-adjacent space 126 communicates with the pressure information
passage of the sensor 131.

[0097] As shown in Fig. 2, the ring member 124 of the sensor mount 121 in the subject information detecting unit 11,
which defines a closed cavity, includes two rubber O-rings 124a, 124b, having the same diameter. The cavity 123 formed
by O-rings 124a, 124b is partitioned with the film member 111 disposed between O-ring 124a and O-ring 124b into the
subject-adjacent space 125 and the sensor-adjacent space 126.

(Opening)

[0098] The opening 122, provided in the sensor mount 121 of the subject information detecting unit 11 and defined by
one side of the ring member 124, is a portion that is in contact with the skin 193 in a state where the subject information
detecting unit 11 is mounted on the subject 191. One end of the ring member 124 functions as an opening of the subject
information detecting unit I1 and the sensor mount 121.

[0099] Fig. 3 illustrates signal strength when pulsating signals are measured from a capillary in a fingertip with a
condenser microphone as the sensor 131, while the diameter of the opening 122 is being varied in the sensor mount 121.
[0100] Fig. 3 evidentially shows that a diameter of the opening 122 of 1 to 3 mm is not enough for obtaining an adequate
gain although signals can be measured. A diameter of the opening 122 of 3 mm or more increases the gain and a diameter
of the opening 122 of 5 to 6 mm enables measurement of pulsating signals at a high gain. It is assumed that at a diameter
of the opening 122 of less than 2 mm, the area through which signals from the blood vessel 192 are captured is so small
that the detected signals is weak.

[0101] A significantly large diameter of the opening 122, for example, a diameter exceeding 10 mm leads to a bulge
of the surface tissue, such as skin, fat, or body hair, of the subject 191 to cause it to get into the cavity 123, which may
block the pressure information passage 132 or interfere with the film member 111 or a sensor element 133 when the
subject information detecting unit 11 of the subject information processing device I3 is mounted on the subject 191. A
significantly large diameter of the opening 122 may prevent the cavity 123 from defining a closed cavity when the subject
information detecting unit 11 is mounted on the subject 191 such that it is put into tight contact with a three-dimensional
shape of the subject 191. A significantly large diameter may prevent the cavity 123 from defining a closed cavity when
the subject information detecting unit 11 is mounted on a small portion of the subject 191, such as a fingertip. At a constant
height of the cavity 123, the diameter of the opening 122 of the cavity 123 increase, the volume of the cavity 123 increases.
At a constant strength of pulsating signals, the volume of the cavity 123 increases, the attenuation of vibrations originating
from pulsating signals in the blood vessel 192 also increases. All of this may reduce the strength of the signals detected
by the sensor 131. A significantly large diameter of the opening 122 allows the subject information detecting unit 11 to
detect pulsating signals in the blood vessel 192 even if the detecting unit is not disposed immediately above the blood
vessel 192, which may reduce the directivity of the sensor 131.

[0102] For these reasons, the diameter of the opening 122 range from normally 3 mm or more, preferably, 4 mm or
more, more preferably, 6 mm or more to normally 10 mm or less, preferably 8 mm or less. The lower limit of the diameter
of the opening 122 is preferably above the value of the lower limit of the above range. Since it increases gain of the
detected pulsating signals and facilitates a close contact of the opening 122 at a position where vibrations from the blood
vessel 192 can be readily detected when the subject information detecting unit |1 is mounted on the subject 191. The
upper limit of the diameter of the opening 122 is preferably below the value of the upper limit of the above range. Since
it reduces the effect of the subject 191 in the opening 122 and thus facilitates the sensor 131 to retain a high sensitivity
and directivity.

[0103] Since the diameter of arteries, such as radial or ulnar artery, at a wrist of an adult is approximately 2 mm, the
diameter of the opening 122 of the subject information detecting unit 11 is preferably not less than twice and not more
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than four to five times that of the artery 192, that is, not less than 4 m and not more than 8 mm to 10 mm, so that the
sensor 131 can detect pulsating signals from the artery 192 at a high sensitivity when the subject information detecting
unit 11 is mounted on a human wrist such that the opening 122 faces the skin thereof. The lower limit of the diameter of
the opening 122 is preferably above the value of the lower limit of the above range. Since itincreases gains of the detected
pulsating signals and facilitates a close contact of the opening 122 at a position where vibrations from the blood vessel
192 can be readily detected when the subject information detecting unit 11 is mounted on the subject 191. The upper limit
of the diameter of the opening 122 is preferably below the value of the upper limit of the above range. Since it reduces
the effect of the subject 191 entering the opening 122 and thus helps the sensor 131 to retain a high sensitivity in spite of
an increased volume of the cavity 123 and to have directivity.

[0104] If the subject information detecting unit 11 of the subject information processing device 13 is mounted on a finger
such that the opening 122 faces the finger, the diameter of the opening 122 required to detect pulsation signals from a
capillary in the finger cannot be readily determined based on the relationship between the diameter of the opening 122
and the diameter of the blood vessel 192, unlike the mounting on a human wrist. In order to allow the cavity 123 to define
a closed cavity to detect pulsating signals at a high sensitivity, the diameter of the opening 122 preferably ranges from
one half to three quarters of the finger span.

(Sensor)

[0105] As shown in Fig. 1, the sensor 131 is disposed in contact with the surface, which faces the opening 122, of the
ring member 124 of the sensor mount 121. The sensor 131 detects pulsating signals as pressure information based on
pulse wave information generated in the blood vessel 192 in the subject 191, and propagating through the opening 122,
the cavity 123, and the film member 111.

[0106] In this embodiment, the sensor 131 is a MEMS-ECM.

[0107] The sensor 131 includes a pressure-sensitive element 133 that detects the pressure information deriving from
pulsating signals from the artery 192 in the subject 191, a housing 135 that holds the pressure-sensitive element 133 inside
thereof, an air chamber 134 which is an internal space of the housing 135, and the pressure information passage 132
provided in the housing 135 and inputting therethrough the pressure information from the exterior into the air chamber
I134. The artery may be hereinafter just referred to as a blood vessel.

[0108] As shown in Fig. 1, the subject information detecting unit 11 includes the film member 111, which separates an
opening 132 of the sensor mount I31 from the sensor I31. The film member 111 separates the opening 122 of the sensor
mount 131 from the pressure-sensitive element 133 of the sensor 131 in the space consisting of the cavity 123 in the
sensor mount 131 and the air chamber 134 in the sensor 131. Such configuration allows the sensor 131 to detect the
pressure information deriving from pulsating signals in a blood vessel 192 in the subject 191, and propagating through
the opening 122, the cavity 123, the film member 111, and the air chamber 134.

[0109] The sensor I31 may be of any type capable of detecting pulsating signals in the blood vessel 192, preferably
be a pressure-sensitive element, such as a microphone or piezoelectric element, which electrically detects air vibrations
(sound pressure information) caused by vibrations of the skin 193 of the subject 191, the vibrations of the skin 193 originating
from pulsation in the blood vessel 192. Examples of the microphone include condenser microphones, dynamic micro-
phones, and balanced armature microphones. Condenser microphones are particularly preferable in terms of a high
directivity, signal-to-noise ratio, and sensitivity. An electret condenser microphone (ECM) can also be suitably used. A
MEMS-ECM, which is manufactured by microelectromechanical system (MEMS) technology, is also preferred (herein-
after referred to as "MEMS-ECM"). A PZT piezoelectric element composed of lead zirconate titanate (also referred to
as "PZT") can be suitably used as a piezoelectric element since the PZT piezoelectric element, composed of ceramic,
exhibits high piezoelectric conversion.

[0110] The pulsating signal detecting unit 11 according to this embodiment includes a single sensor 131. Alternatively,
the detecting unit may include two or more sensor 131 to acquire a pulsating signal by accumulating a signal captured
by each sensor 131 in order to improve the strength of a detected pulsating signal and the signal-to-noise ratio. If a
plurality of the sensors 131 is used in the pulsating signal detecting unit 11, MEMS-ECMs are preferably used because
their small sizes facilitate their implementation without a significant increase in the diameter of the opening 122. The
MEMS-ECM, which has stable quality, ensures that a signal acquired by accumulating a signal captured by each sensor
131 also has stable quality when multiple MEMS-ECMs are connected in parallel.

(Film member)
[0111] The film member 111 separates the opening 122 of the sensor mount 121 from the pressure-sensitive element
133 of the sensor 131 in the space consisting of the cavity 123 and the air chamber 134 in the subject information detecting

unit I1. The film member 111 is preferably a film impervious to moisture, in particular, water vapor since the film member
is provided to prevent water vapor, moisture evaporated from the skin 193, from affecting the sensor 131 when the subject
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information detecting unit is mounted on the subject 191. The moisture in this specification includes water in the form of
both liquid and gas.

[0112] In this embodiment, the film member 111 is a film composed of polyethylene terephthalate (hereinafter referred
to as "PET film").

[0113] The film member [11 may be composed of any film impervious to moisture. In particular, a film composed of a
synthetic resin is preferred since it is highly water-resistant and easy to prepare and process. Examples of the material
for the film member includes polyethylene terephthalate, polypropylene, polyethylene, polyester, polyvinyl alcohol and
nylon.

[0114] The film member 11 preferably has an ability to block gasses, such as oxygen and carbon dioxide, and has a
high mechanical strength in order to block the permeation of water vapor and the effect of gas generated from the subject
191 on the sensor 131. The film member 111 having such characteristics may have a metal or Si oxide (silica) layer
laminated thereon. Such a metal or Si oxide layer may be laminated on the film member 111 by, for example, vapor
deposition, lamination or printing. Examples of the laminated metal includes aluminum, gold, zinc, and nickel.

[0115] Preferably, the film member 111 disposed to separate the opening 122 of the sensor mount 121 from the pressure-
sensitive element 133 of the sensor 131 has a silica layer on a space 126 adjacent to the film member 111. Such a silica
layer blocks the permeation of water vapor through the film member 111 and absorbs water on the side adjacent to the
sensor to reduce effect of water vapor on, in particular, the pressure-sensitive element 133 in the sensor 131.

[0116] The film member 111 may have any thickness that can block the permeation of moisture. Since the signal level
decreases with the thickness of the film member111, athinnerfilmis preferred in view of the signallevel, as described below
[0117] The film member 111 may be disposed at any position that separates the opening 122 of the sensor mount 121
from the sensor 131. A film member 111 disposed significantly close to the opening 122 may result in contact with the
skin 193 of the subject 191 or human tissue, such as body hair, which may adversely affect detected signals. Thus,
placement at a certain distance away from the opening 122 is preferred. As described later, placement of the film member
111 so as to block the pressure information passage 132 of the sensor 131 may reduce the signal level. The film member
111 is preferably affixed in the mount member 124 so as to have a larger diameter than those of the film member 111
blocking the pressure information passage 132.

[0118] As described later, the film member [11 has a corner frequency f of at least 0.3 Hz or less, or preferably, 0.1
Hz or less, calculated by Formula I(1). The tension of the film member 111, and the mass per unit area and radius of the
film member 11 are preferably determined such that the corner frequency f of the film member 111 is within in a prede-
termined range.

(Subject information detecting unit)

[0119] In the subject information detecting unit |1, as shown in Fig. 2, the ring member 124 of the sensor mount 121,
which defines a closed cavity, is composed of two rubber O-rings 124a, 124b, having the same diameter. The O-rings
12443, 124b face each other and sandwich the film member [11. The O-ring 124b mounted on the sensor 131 and the film
member |11 are bonded together with an adhesive agent, and then the film member 111 and the O-rings 124a are bonded
together with an adhesive agent, to finish the ring member 124. This fixes the film member 111 at a position that partitions
the internal cavity 123 of the sensor mount 121, consisting of the O-ring 124a and the O-ring 124b, into a subject-adjacent
space 125 and a sensor-adjacent space 126; the subject-adjacent space 125 faces the skin 193 of the subject 191 via the
opening 122 and the sensor-adjacent space 126 is in communication with the pressure information passage of the sensor
131.

[0120] The sensor131 according to this embodiment includes a MEMS-ECM and an air hole (also referred to as "sound
hole") functioning as the pressure information passage 132, as shown in Fig. 2. The air chamber 134 in the housing 135
of the MEMS-ECM 131 are provided with a diaphragm 136 and a back plate 137 functioning as a pressure-sensitive
element. The MEMS-ECM sensor 131 according to this embodiment includes a MEMS chip including the diaphragm 136
andthe back plate 137 and a complementary metal oxide semiconductor (CMOS) chip (not shown) which are wire-bonded.
[0121] When vibrations are generated from a source of vibration, air vibrations propagate through the pressure infor-
mation passage 132 (air hole, sound hole), which communicates with the exterior, into the air chamber 134 to vibrate the
diaphragm 136. The vibrations of the diaphragm 136 cause a change in the distance between the diaphragm 136 and the
back plate 137, which further causes a change in capacitance. The change in capacitance is converted into voltage for
measurement of the vibrations. The CMOS chip amplifies a change in voltage that occurs at the diaphragm 136 and the
back plate 137, if necessary, and outputs it as a pulsating signal to a signal processor 12.

[0122] The sensor 131 and the sensor mount 121 according to this embodiment are affixed together by bonding the
O-ring 124b of the sensor mount 121 to the surface, having the pressure information passage 132 therein, of the sensor
131 with an adhesive agent. Alternatively, the sensor 131 and the sensor mount 121 may be affixed in a replaceable
manner by mounting the O-ring 124b of the sensor mount 121 on the surface, having the pressure information passage
132 therein, of the sensor 131 via an adhesive material. Alternatively, the sensor mount 121 and the film member 111
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integrated thereto may be mounted to the sensor 131 in a replaceable manner.

[0123] In the subject information detecting unit 11, the cavity 123 and the air chamber 134 communicating therewith
through the pressure information passage 132 defines a closed spatial structure (closed cavity), with the closed cavity
partitioned by the film member 111, when the sensor mount 121 is mounted on the subject 191 such that the opening 122,
defined by the O-ring 1244, faces the subject 191. Such configuration of the subject information detecting unit 11 according
to this embodiment allows the film member 111 to block the permeation of moisture from the subject 191 to the sensor
131, and the sensor 131 to detect the pressure information deriving from pulsating signals in a blood vessel in the subject
191, and propagating through the opening 122, the subject-adjacent space 125, the film member 11, the sensor-adjacent
space 126 and the air chamber 134.

(Method for bonding a film member)

[0124] In the subject information detecting unit 11 according to this embodiment, the film member 111 can be attached
to the sensor mount 121 by bonding the film member 11 to the sensor mount 121, consisting of O-ring 124a and O-ring
124b, by the following exemplary method: A film material which is the same as that for the film member [11 and larger
than the film member 111 is kept tensioned. The O-ring 124b with the sensor 131 mounted thereon is then bonded to the
tensioned film material. The film member 11 is separated from the tensioned film material by trimming the edge outside
the bonded portion of the tensioned film material. After the separation, the O-ring 124a is bonded to one face of the film
member 111 while the O-ring 124b bonded to the other face of the film member [11 such that the film member 111 is
affixed between the O-rings 124a and 124b.

<Configuration of signal processor>

[0125] The signal processor |2 according to this embodiment processes a pulsating signal output from the sensor 131
of the pulsating signal detecting unit 11 and includes a frequency corrector 151 and an extractor 161, as shown in Fig. 1.
[0126] The signal processor 12 includes both the frequency corrector 151 and the extractor 161. Alternatively, it may
include either of them.

(Frequency corrector)

[0127] The frequency corrector 151 performs at least one operation among an amplification operation, an integral
operation and a differential operation on pulsating signal output from the sensor 131 of the subject information detecting
unit 11 with the frequency of the pulsating signal, for frequency correction to retrieve at least one signal among a pulsatile
volume signal, a pulsatile speed signal, and a pulsatile acceleration signal. Such frequency correction can be achieved
by a hardware circuit, software, or a combination thereof. The retrieval of a pulsatile volume, speed, or acceleration
signal by the frequency corrector 151 is also referred to as a correcting process.

(Extractor)

[0128] The extractor 161 processes the pulsating signal output from the sensor 131 of the subject information detecting
unit 11 or the signal processed by the frequency corrector 151 to retrieve pulse wave information or respiration information
of the subject. Such a process can be achieved by a hardware circuit, software, or a combination thereof. Such retrieval
of the pulse wave information or respiration information of the subject is performed by frequency demodulation which
uses, for example, phase-locked loop (PLL) to extract a respiration signal contained in a pulsating signal as a modulated
component. Such extraction of the pulse wave information or respiration information of the subject by the extractor 161
is also referred to as an extracting process.

[0129] The pulse wave information according to this embodiment is a signal indicating vibrations originating from
pulsation of the heart of the subject 191 and propagating through a blood vessel. The pulse wave information is preferably
pure pulsating signals based on pulse wave information of a blood vessel from which signals other than the pulse wave
information are removed, where the pulse wave information of a blood vessel is caused by vibrations of the skin 193 of
the subject 191 and detected as air vibrations, and the vibrations of the skin 193 originates from pulsation in the blood
vessel 192. The pulse wave information includes, for example, volume, speed, and acceleration pulse wave signals.
[0130] The respiration information represents a signal that indicates a respiration state when the subject 191 respires.

<Configuration of subject information processing device>

[0131] As shown in Fig. 1, the subject information processing device I3 according to this embodiment includes the
subject information detecting unit 11 and the signal processor 12.
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[0132] The signal processor 12 may be integrated with the subject information detecting unit I1 or may be physically
separated from the subject information detecting unit |1 but electrically connected therewith through a wireless or wired
network.

[0133] The subjectinformation processing device 13 is connected to an external computer 181 and a waveform indicator
182 through a wireless or wired network.

[0134] The computer 181 receives to process or store a signal output from the signal processor I2. The computer 181
can determine the health state of the subject 191 based on the waveform of a pulsatile volume, speed, or acceleration
signal retrieved in the frequency corrector I51. The computer 181 can test the respiration state, and determine sleeping
or awakening state of the subject 191 with a respiration signal extracted in the extractor 161.

[0135] The waveform indicator 182 receives signal output from the signal processor 12 and displays the waveform
thereof. The frequency corrector 151 of the signal processor |12 outputs a pulsatile volume, speed, or acceleration signal
to the waveform indicator 182 for displaying the waveform of such a signal. The extractor 161 of the signal processor 12
outputs a respiration signal to the waveform indicator 182 for displaying the waveform of the respiration signal. The
frequency corrector 151 of the signal processor 12 amplifies a pulsating signal from the sensor 131, and the waveform
indicator 182 displays the waveform of the amplified signal. The waveform indicator 182 includes, for example, a liquid
crystal display, CRT, printer or pen recorder.

<Subject>

[0136] The subject information detecting unit I1 and the subject information processing device I3 can measure the
pulsation of the artery 192 of any subject 191, for example, any human or animal subject. In order to achieve close contact
of the cavity 123 with the subject 191 such that the opening 122 of the sensor mount 121 faces the subject 191 so as to
form the closed cavity by the cavity C23, the subject information detecting unit |1 of the subject information processing
device I3 is preferably mounted on the skin 193 of the subject 191.

[0137] In this configuration, pressure information deriving from pulsating signals from the artery blood vessel 192 in
the subject 191 is received. Alternatively, the blood vessel 192 may be any blood vessel from which pulsation can be
measured. A vein or capillary may also be available for measurement.

[0138] For a human subject, a preferred mounting portion of the subject information detecting unit |1 of the subject
information processing device 13 is a forearm because of ease of mounting and measurement, and high sensitivity of
the measurement due to an artery located near the surface of body. Alternatively, a fingertip is also preferred for the
same reason. For animals, a mounting portion is preferably selected in view of ease of mounting and measurement.
[0139] Anexemplary blood vessel 192 for detection of human pulsating signals with the subject information processing
device I3 is the radial or ulnar artery in the forearm.

<Subject information detecting unit and subject information processing device>

[0140] The subject information detecting unit 11 and subject information processing device 13 according to this em-
bodiment, which are configured as described above, the cavity 123 and the air chamber 134 define a closed spatial
structure (closed cavity) when the opening 122 is put into contact with to the subject 191, to receive pressure information
deriving from pulsating signals in the blood vessel 193 near the mounting portion of the subject information detecting
unit 11, to detect the pulsating signals in the blood vessel 192 in the subject 191 and to retrieve at least one of the pulsatile
volume, speed and acceleration signals, as well as a respiration signal, from the pulsating signal output.

[I-1-2. Functional configuration of subject information processing device]
<Functional configuration of subject information processing device>

[0141] The subject information processing device I3, which has a functional configuration illustrated in Figs. 4 and 5,
includes a subject information detecting unit I1 and a signal processor 12. The signal processor 12 includes a frequency
corrector 151 and an extractor 161.

[0142] As shown in Fig. 4, the signal processor 12 may be configured such that pulsating signal output from the subject
information detecting unit 11 is sent to both of the frequency corrector 151 and the extractor 161 for signal processing.
Alternatively, as shown in Fig. 5, the pulsating signal output from the subject information detecting unit 11 may be sent
to the frequency corrector 151 for signal processing and the signal processed in the frequency corrector 151 is sent to
the extractor 161 for further signal processing.

[0143] As described above, the subject information detecting unit 11 receives pressure information deriving from pul-
sating signals in the blood vessel 192 in the subject 191 by the sensor 131 to detect and output the pulsating signals in
the blood vessel 192 in the subject 191.
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(Frequency corrector)

[0144] As described above, the frequency corrector 151 performs frequency correction on pulsating signal output from
the sensor 131 of the subject information detecting unit 11 to retrieve at least one signal among a pulsatile volume signal,
a speed signal, and an acceleration signal.

[0145] The frequency corrector 151 performs at least one operation of an amplification operation, an integral operation,
and a differential operation with the frequency of the pulsating signal to retrieve at least one signal among pulsatile
volume, speed and acceleration signals.

[0146] The frequency corrector 151, which has a functional configuration shown in Fig. 6, includes the frequency
corrector 151 includes an amplifier 152, an integral corrector 153 and a differential corrector 154.

[0147] A pulsating signal from the sensor 131 is amplified in the amplifier 152 of the frequency corrector 151. In the
subject information processing device I3 including an ECM or a MEMS-ECM as the sensor 131, the output from the
amplifier 152 is a speed pulse wave. Thus, the frequency corrector 151 can generate a speed pulse wave, without
frequency correction other than amplification. A signal from the amplifier 52 is sent to the integral corrector 153 to acquire
a volume pulse wave through compensation with an integral circuit. A signal from the amplifier 152 is sent to the differential
corrector 154 to acquire an acceleration pulse wave through compensation with a differentiating circuit.

(Extractor)

[0148] Theextractorl61, asdescribed above, extracts arespiration signal contained in a pulsating signal as amodulated
component through frequency demodulation that uses, for example, phase-locked loop (PLL).

[0149] As shown in Fig. 4, the extraction of a respiration signal in the subject information processing device 13 may
be performed by sending pulsating signal output from the sensor 131 of the subject information detecting unit 11 to the
extractor 161 for frequency demodulation, without sending it to the frequency corrector 151.

[0150] Alternatively, as shown in Fig. 5, the extraction of a respiration signal in the subject information processing
device 13 may be performed by sending pulsating signal output from the sensor 131 of the subject information detecting
unit |1 to the frequency corrector 151 for frequency correction, and then sending one signal among frequency-corrected
pulsatile volume, speed and acceleration signals to the extractor 161 for frequency demodulation.

[0151] The extractor 161, which has a functional configuration shown in Fig. 7, includes a phase comparator 162, a
low-pass filter 163, a voltage controlled oscillator (VCO) 164 and a frequency divider 165.

[0152] The frequency demodulation extracts a respiration signal in a pulsating signal by comparing two signals which
are phase-synchronized by the PLL. An exemplary frequency demodulation is shown in Fig. 7. In the extractor 161, the
phase comparator 162 receives a pulsating signal and outputs it to the low-pass filter 163. The low-pass filter 163 outputs
the resulting signal to the VCO 164 to adjust the oscillating frequency thereof. The frequency divider 165 divides the
adjusted frequency and returns the divided frequency to the phase comparator 162 for phase synchronization of two
signals. This allows the waveform output from the low-pass filter 163 to be acquired as a respiration signal.

[0153] Thus, a respiration component can be extracted from a pulsating signal, modulated with the respiration com-
ponent, of the subject 191 by demodulating the pulsating signal.

[0154] The pulsating signal can be extracted as pulse wave information by removing the respiration component from
the pulsating signal, modulated with the respiration component, of the subject H90.

[I-1-3. Operation of subject information processing device]

[0155] With reference to the flowcharts in Figs. 8 to 10, the operation of the subject information processing device 13
will now be described for functional configurations as shown in Fig. 4 and in Fig. 5.

[0156] Forthe subjectinformation processing device 13 having a functional configuration as shown in Fig. 4, the sensor
131 of the subject information detecting unit 11 detects a pulsating signal (Step S111), as shown in Fig. 8. The frequency
corrector 151 of the signal processor |12 then performs frequency correction on the pulsating signal output detected by
the sensor 131 of the subject information detecting unit [1 (Step S112) to retrieve one signal among pulsatile volume,
speed and acceleration signals (Step SI13).

[0157] Alternatively, as showninFig. 9, for the subjectinformation processing device I3 having a functional configuration
as shown in Fig. 4, the sensor 131 of the subject information detecting unit I1 detects a pulsating signal (Step S121). The
extractor 161 of the signal processor |12 then performs an extraction process on the pulsating signal output detected by
the sensor 131 of the pulsating signal detecting unit 111 (Step SI22) to extract a respiration signal from the pulsating
signal output (Step SI23).

[0158] Forthe subject information processing device I3 having the functional configuration shown in Fig. 5, the sensor
131 of the subject information detecting unit 11 detects a pulsating signal (Step S131), as shown in Fig. 10. The frequency
corrector 151 of the signal processor |12 then performs frequency correction on the pulsating signal output detected by
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the sensor 131 of the subject information detecting unit I1 (Step S132) to retrieve one signal among pulsatile volume,
speed and acceleration signals (Step SI33). The extractor 161 of the signal processor |12 performs an extraction process
(Step SI34) on one signal among the pulsatile volume, speed and acceleration signals to extract a respiration signal
from the pulsating signal output (Step SI35).

[0159] Alternatively, for the subject information processing device I3 having the functional configuration shown in Fig.
5, the frequency corrector 151 of the signal processor |2 may perform frequency correction on the pulsating signal output
detected by the sensor 131 of the subject information detecting unit 11 to retrieve one signal among the pulsatile volume,
speed and acceleration signals, without subsequent extraction in the extractor 161.

[1-2. Sensor and frequency characteristics]

[0160] For the sensor 131 in the subject information detecting unit |1 and subject information processing device 13
according to this embodiment, the relationship between a closed cavity and the frequency response of a microphone
will now be described. The ECM and MEMS-ECM, detection of pulsating signals using them, frequency characteristics,
and frequency correction will be described.

[1-2-1. Definition of a closed cavity and frequency response]

[0161] The sensor 131 of the subject information processing device I3 measures vibrations of pulsating signals origi-
nating from pulsation of the blood vessel 192 not in an open state, but a closed state in terms of the relationship between
the sensor 131 and a vibration source. More specifically, the measurement is performed in a state where the air chamber
134 in the sensor 131 and the cavity 123 in communication therewith defines a closed spatial structure (closed cavity),
that is, the space defined by the sensor 131 and the source of vibration is in a closed state.

[0162] To clarify the difference in measuring conditions between the open and closed states, a difference in frequency
response between the opened and closed states will now be described using an electromagnetic dynamic microphone
as the sensor 131.

[0163] The vibrations originating from the heartbeat can be captured at any portion of a human body when pulsating
signals are detected from the blood vessel 192 in the subject 191. However, the vibrations originating from the heartbeat
are significantly weak and thus cannot be readily detected even if a sound pressure detecting apparatus, such as a
microphone, is placed near the human body. Vibrations emitted in a space with a sensor in an open state have frequency
response as shown in Fig. 11 in accordance with the principle of sound radiation; the vibrations have a peak response
at the natural frequency f;, of the sensor element, a flat response in a frequency region higher than the natural frequency
fo. @ gradually reduced response in a lower frequency region than the natural frequency f,, and a significantly feeble
response at the basic frequency of the heartbeat. As shown in Fig. 3, a non-directional dynamic microphone shows a
curve of -40dB/dec in the frequency region lower than the natural frequency fj, while a directional dynamic microphone
shows a curve of -20dB/dec in the frequency region lower than the natural frequency.

[0164] A small acoustic instrument has a natural frequency in a range of several kilohertz. A dynamic microphone
having a frequency response as shown in Fig. 11 has more attenuation around 1 Hz of the heartbeat than that at a
higher frequency by -120dB or less, which precludes high-sensitivity measurement. The multiple traces in Fig. 11 indicate
a difference in damping factor, where the position of f on the horizontal axis indicates the natural frequency.

[0165] Meanwhile, defining a closed space at the tip of an element (sensor) sensing the vibration making the sensor
into a closed state dramatically changes the frequency characteristics as shown in Fig. 12. As described above, the
multiple traces in Fig. 12 indicate a difference in damping factor. Fig. 12 evidentially shows that a sensor with a closed
cavity therein can measure signals in a low frequency region at a high sensitivity. The sensor can detect heart vibrations
around 1 Hz at the same gain as that of vibrations around the natural frequency fy and with a desirable amplitude, as
compared with the frequency response of the sensor in an open state shown in Fig. 11. This indicates that the sensor
converts the vibrations into changes in pressure in a closed space, instead of releasing them into the air.

[0166] As described above, in using a dynamic microphone as a sensor 131, a closed cavity is formed, and detection
is carried out under the closed state, the frequency response can be improved in a low frequency region in which pulse
waves are detected.

[0167] A condenser microphone functioning as the sensor 131 can detect a signal having flat frequency characteristics
with an increased gain in a low frequency region, regardless of the state (open or closed) of the sensor, as shown in
Fig. 12. It should be noted that the signal level in an open state is significantly lower than that in a closed state over the
entire frequency region.

[0168] In other words, in using a dynamic microphone as a sensor 131, a closed cavity is formed, and detection is
carried out making the sensor 131 and the source of vibration into a closed state, the signal level can be raised over the
entire frequency region, and thus the frequency response can be improved in the low frequency region where pulse
waves are detected.
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[0169] This is applicable to a balanced armature microphone used as the sensor 131 as with the dynamic microphone;
a closed cavity is formed, and detection is carried out making the sensor 131 and the source of vibration into a closed
state, the frequency response can be improved in the low frequency region where pulse waves are detected.

[0170] Whenadynamic,condenser, or balanced armature microphone is used as the sensor 131, the subject information
detecting unit I1 and subject information processing device 13 according to this embodiment can receive pressure
information deriving from pulsating signals around 1 Hz in the subject 191 and detect the pulsating signals at a high
sensitivity, which was not available from any conventional sensor detecting in an open state. Such measurement utilizes
changes in frequency response or an increase in signal level due to the defined closed cavity. The subject information
detecting unit I'1 and subject information processing device 13 can also detect a respiration signal from pulsating signals
around 1 Hz in the subject [91.

[I-2-2. Definition of closed cavity and detection of pulsating signals]

[0171] When a microphone, such as an ECM or a MEMS-ECM (also referred to as a silicon microphone), is used as
the sensor 131 to capture the vibrations (pulsating signals) of the blood vessel 192 originating from the heart, such a
microphone preferably detects pulsating signals having the frequency characteristics shown in Fig. 12 as changes in
pressure in a closed space defined by the cavity (closed cavity). To achieve that, the sensor 131 may be directly pressed
against the skin of a human body. This defines a closed space between the pressure information passage 132 of the
sensor 131 (air hole, sound hole) and the diaphragm in the pressure-sensitive element I133. Itis expected that the pulsating
signals is detected with the frequency characteristics as shown in Fig. 12.

[0172] Unfortunately, a desired level of signal cannot be acquired even if an ECM or MEMS-ECM functioning as the
sensor 131 is directly pressed against the subject. This is mainly because the diameter of the pressure information
passage 132 of the sensor 131 is significantly small. For example, an ECM with an air hole, the pressure information
passage 132, having a diameter of 2 mm, can detect signals only when the air hole is placed immediately above the
blood vessel 192. Meanwhile, a MEMS-ECM with an air hole (sound hole), the pressure information passage 132, cannot
readily detect signals because of a smaller diameter than that of the blood vessel 192. Such a disadvantage of the ECM
or MEMS-ECM is due to its characteristics; the ECM or MEMS-ECM can detect pulsating signals in the blood vessel
192 immediately under the pressure information passage 132 (air hole, sound hole) of the ECM or MEMS-ECM if the
sensor mount 121, including the opening 122 and the cavity 123, is not provided between the subject 191 and the sensor
131 such that closed cavity is defined. Accordingly, the ECM or MEMS-ECM cannot detect pulsating signals from a blood
vessel which is dislocated from the position of the pressure information passage. Depending of the softness of the skin
tissue of the subject 191, the skin tissue may enter to block the pressure information passage 132.

[0173] The subject information detecting unit 11 of this embodiment includes the ring member 124 functioning as the
sensor mount 121 that includes the opening 122 and the cavity I3, and defines a closed cavity when the opening 122 is
put into contact with the subject 191 such that the opening 122 and the cavity 123 of the sensor mount, the pressure
information passage 132 of the sensor 131 and the air chamber 134 is in communication with each other through the film
member 111. This allows the subject information detecting unit 11 of this embodiment to detect pulsating signals in a
blood vessel within the area covered by the opening 122.

[I-2-3. Frequency characteristics and frequency correction of the sensor]
<Frequency characteristics of the sensor>

[0174] Both of an ECM and a MEMS-ECM used in a condenser microphone functioning as the sensor 131 incorporate
measures against the effect of wind. A microphone in a mobile phone has small apertures with a diameter of several
tens of micrometers in the diaphragm to prevent an abrupt change in pressure in response to a strong wind or user’s
coughing, which, in turn, causes attenuation in a low frequency range. This phenomenon is understandable the fact that
air can pass through small apertures in the diaphragm at a low flow rate.

[0175] Since the apertures in the diaphragm of the MEMS-ECM are manufactured in a semiconductor process, they
are homogeneous and stable. Thus, MEMS-ECMs have less variance in frequency response among individual devices
than ECMs. In the following description of frequency characteristics and frequency correction of a sensor, a MEMS-
ECM is used as a condenser microphone, but the description is also applicable to ECM.

[0176] The reduced sensitivity of a microphone in a low frequency region is effective to remove wind noise or reduce
the effect of wind if the microphone is used in an audible region (for example, 20 Hz or more). Unfortunately, the central
frequency of the signals detected by the subject information processing device I3 is approximately 1 Hz, and respiration
signals notably appear in the frequency range of several hertz. Such reduced sensitivity in the low frequency region may
adversely affect the detection of pulse waves.

[0177] The MEMS-ECM has small apertures in a diaphragm for reducing the effect of wind. Examples of such MEMS-
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ECM include SPM0408 (part number) from Knowles. SPM0408 has frequency characteristics that can be estimated
with a model that has an attenuation rate of 20dB/dec toward a lower frequency range in the frequency range of 100 Hz
or lower. In contrast, SPM0408 exhibits flat frequency characteristics in a frequency range around 100 Hz or higher.
[0178] Meanwhile, the dynamic microphone has frequency characteristics that can be estimated with a model that
has an attenuation rate of 20dB/dec in the lower direction over the entire frequency range in accordance with the principle
of the speed responsive type.

[0179] Accordingly, both of a MEMS-ECM (condenser microphone) and a dynamic microphone have frequency char-
acteristics with an attenuation rate of 20dB/dec in the lower direction in the frequency range of 0.1 Hz - 10 Hz where
pulse waves are detected (also refer to as "pulse wave information detecting bandwidth").

[0180] In the following description of frequency characteristics and frequency correction of a sensor, a MEMS-ECM,
whichis a condenser microphone, is used as the sensor 131, but the description is also applicable to adynamic microphone
because, as described above, both of a MEMS-ECM and a dynamic microphone have frequency characteristics with
an attenuation rate of 20dB/dec in the lower direction in the frequency range of 0.1 Hz - 10 Hz where pulse waves are
detected.

[0181] The frequency characteristics in a low frequency region of 100 Hz or less obtained when the sensor 131 of a
MEMS-ECM is used in a case of defining a closed cavity are depicted as shown in Fig. 13(a), where a logarithmic
frequency (Hz) scale is on the horizontal axis and a signal gain (dB) is on the vertical axis.

[0182] In Figs. 13(a) to 13(c), "Log (frequency)" on the horizontal axis indicates a logarithmic frequency scale in Hz
(this is applicable to "Log (frequency)" in the subsequent diagrams).

[0183] As shown in Fig. 13(a), the dynamic microphone and MEMS-ECM (condenser microphone) have frequency
characteristics that exhibit a reduction in sensitivity of 20dB/dec toward a lower frequency range in the frequency region
of 100 Hz or less, which is also referred to as "attenuation in a lower frequency region". The pulsation of a heart normally
has a frequency of about 1 Hz (the heart beats 60 times/minute), which represents a differential characteristic of a signal
to be detected and is equivalent to a differentiating circuit with a peak around 100 Hz.

[0184] To acquire a signal thatindicates a change in the volume of pulsation of a blood vessel, a pulse wave measured
in a defined closed cavity with the MEMS-ECM used as the sensor 131 is allowed to pass through a simple differentiating
circuit in a frequency range to be measured (approximately 0.5 Hz to 10 Hz). The resulting waveform is a speed pulse
waveform, which shows a speed component acquired through the differentiation of a normal pulse wave.

[0185] An acceleration pulse wave, which is often used to determine the state of a blood vessel, is acquired through
further differentiation by time.

<Frequency correction>

[0186] Frequency correction of pulsating signal output with a MEMS-ECM sensor 131 will now be described.

[0187] Thefrequency correction refers to at least one operation among an amplification operation, an integral operation
and a differential operation on pulsating signal output from the sensor 131 of the subject information detecting unit 11
with the frequency of the pulsating signal. The frequency correction can retrieve at least one signal among a pulsatile
volume signal, a pulsatile speed signal, and a pulsatile acceleration signal.

[0188] Thefrequency correctionis also explained as a process to allow the pulsating signal output to propagate through
an electric circuit (compensating circuit) having a frequency response as shown in Fig. 14. Such frequency correction
can be achieved by a hardware circuit, software, or a combination thereof.

[0189] The MEMS-ECM output (observed data) that exhibits a reduction in sensitivity by 20dB/dec toward a lower
frequency range in a lower frequency range, as shown in Fig. 13(a), is acquired as a speed pulse wave (also referred
to as a"pulsatile speed signal"). Accordingly, a speed pulse waves can be acquired if no frequency correction is performed
during the detection of a signal with a MEMS-ECM sensor 131 in a defined closed cavity.

[0190] To acquire a pulse wave and an acceleration pulse waves from the MEMS-ECM output, frequency correction
is performed to allow the output to pass through the electric circuit that exhibits the frequency response as shown in Fig. 14.
[0191] More specifically, as shown in Fig. 14, the pulsating signal output from the MEMS-ECM undergoes an integral
operation to acquire a (volume) pulse wave. The integral operation is to allow the output to pass through an electric
circuit having frequency response of a gain at - 20dB/dec in the range of a significantly low frequency to 100 Hz and a
flat frequency response in the frequency region higher than 100 Hz. The total frequency characteristics after the integral
operation are shown in Fig. 13(b). The volume pulse wave shown in Fig. 13(b) has no change in gain (0 dB/dec) in
response to a change in frequency, and exhibits flat frequency characteristics that generate a volume pulse wave around
the frequency of the pulse wave.

[0192] As shown in Fig. 14, the output from the MEMS-ECM undergoes a differential operation to acquire an accel-
eration pulse wave. The differential operation allows the output to pass through an electric circuit having frequency
response of an increased gain of 20dB/dec in the range of a significantly low frequency to 100 Hz, and a flat frequency
response in the frequency range higher than 100 Hz. The total frequency characteristics after the differential operation
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are shown in Fig. 13(c). The acceleration pulse wave shown in Fig. 13(c) has an increased gain of 40dB/dec along with
an increase in frequency and exhibits the frequency characteristics that generate an acceleration pulse wave around
the frequency of the pulse wave.

[0193] No integral or differential operation on the MEMS-ECM output and passage of the output, as shown in Fig. 14,
results in a speed pulse wave since frequency characteristics are similar to those of the MEMS-ECM output shown in
Fig. 13(a). The speed pulse wave shown in Fig. 13(a) has an increased gain of 20dB/dec along with an increase in
frequency and exhibits frequency characteristics that generate a speed pulse wave around the frequency of the pulse
wave.

[0194] The above-mentioned frequency correction can be summarized as follows: Correction (or integration) of a
speed pulse wave acquired by detection of a pulsating signal in a blood vessel with a MEMS-ECM in the frequency
range of 100 Hz or less with an integrating circuit results in a volume pulse wave; Correction (or differentiation) of a
speed pulse wave in the frequency range of 100 Hz or less with an differentiating circuit results in an acceleration pulse
wave; and passage of a speed pulse wave results in a speed pulse wave. The frequency correction may involve ampli-
fication, if necessary.

[0195] Alternatively, the frequency correction can be summarized as follows: An integral operation on a pulse wave
with frequency of 1 Hz results in a volume pulse wave; a differential operation results in an acceleration pulse wave;
and an amplification operation results in a speed pulse waves.

<Pulse waveform when the film member is not provided>

[0196] Fig. 15 illustrates a pulse waveform observed from pulsating signals in a blood vessel detected with a subject
information detecting unitincluding the sensor 131 mounted on the sensor mount 121 and being free from the film member
111, i.e., a subject information detecting unit according to the embodiment and being constituted by removing the film
member 111 (hereinafter also referred to as "subject information detecting unit free from the film member 111"). More
specifically, such pulsating signals were detected as pressure information propagating through the opening 122 and the
cavity 123 by a MEMS-ECM as sensor 131 when the sensor mount 121 is mounted on the subject 191 with the opening
122 of the sensor mount 121 facing the skin 193 of a fingertip of the subject 191 such that the cavity 123 defines a closed
cavity. The waveform of a speed pulse wave acquired through measurement (observed data) is shown in Fig. 15(b). A
volume pulse wave acquired through compensation for the speed pulse wave with the above-mentioned integrating
circuit is shown in Fig. 15(a). An acceleration pulse wave acquired through compensation for the speed pulse wave with
the above-mentioned differentiating circuit is shown in Fig. 15(c).

[0197] The volume, speed and acceleration pulse waves shown in Figs. 15(a) to 15(c) are those used in various fields,
such as the Eastern medicine, for health care or diagnosis of disease.

[0198] In particular, the waveform of the acceleration pulse wave in Fig. 15(c) has five peaks, called waves "a" to "e",
which characterize the acceleration pulse waves. The relative amplitudes of waves "b" and "d" are clinically important
factors used to determine the correlation with cardiovascular disease or to estimate an age or blood pressure.

[0199] The volume pulse waveform in Fig. 15(a) can be used for confirmation of a percussion waveform (PW) from a
heart and a tidal waveform (TW) from a capillary barrier.

[0200] The subject information detecting unit 11 and the subject information processing device 13 according to this
embodiment can significantly improve a signal-to-noise ratio of a pulsating signal in a low frequency region and thus
acquire clearer pulse waves, as compared to measurement of pulse waves with a conventional piezoelectric element,
since the cavity 123 closed and an ECM or MEMS-ECM is used as the sensor 131.

[I-3. Film member and frequency response]
<Subject information detecting unit and effect of moisture>

[0201] As described above, Fig. 15 illustrates the pulse waveform observed from pulsating signals in a blood vessel
detected with a subjectinformation detecting unit free from the film member [11. More specifically, the waveformillustrated
in Fig. 15 is a pulse waveform detected immediately after the subject information detecting unit free from the film member
111 is mounted on a finger of the subject 191.

[0202] A signal may be no longer emitted from the sensor 131 after a certain time elapses from the mounting of the
subject information detecting unit including a MEMS-ECM sensor 131 and being free from the film member I11 on a
finger of the subject 191. In such a case, the inactivated unit being free from the film member I11 is removed from the
finger of the subject 191 and a mechanical impact is applied to the unit to restore its function to emit signals. The pulse
waveform detected after the restored subject information detecting unit free from the film member 111 is mounted on a
finger is illustrated in Fig. 16. Fig. 16 illustrates changes in the amplitude of signals detected over time, where time (s)
is on the horizontal axis and voltage (V) is on the vertical axis.
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[0203] Fig. 16 illustrates changes in the amplitude of a pulsating signal when detected with the restored subject
information detecting unit free from the film member 111 mounted on a finger, while its posture is varied. More specifically,
the posture of the subject information detecting unit is varied by moving the fingertip such that the unit is disposed at a
position of 90 degrees, 0 degree, and -90 degrees from the horizontal position of the subject information detecting unit,
which is set to 0 degree. Areas 1211, 1212 and 1213 correspond to positions of 90 degrees, 0 degree, and -90 degrees,
respectively. As shown in Fig. 16, the position of the subject information detecting unit free from the film member 111
was shifted after application of a mechanical impact to the unit to restore its function to emit signals if a signal was no
longer detected sometime after the mounting of the subject information detecting unit on a finger of the subject 191. A
change in amplitude over five times is observed. The sensor 131 of the subject information detecting unit free from the
film member 111, which had been restored to emit signals, sometimes exhibited a significantly reduced sensitivity.
[0204] The analysis by the present inventors on the cause of the above phenomena shows that the pressure-sensitive
element of the sensor 131 is adversely affected while the subject information detecting unit 11 is mounted on a finger of
the subject 191. The cause will be now explained with reference to Fig. 17.

[0205] Fig. 17 is a schematic view of a partial configuration of the MEMS-ECM sensor 131 used to detect the waveform
shown in Fig. 16. As shown in Fig. 17, the MEMS-ECM includes the pressure-sensitive element 133 composed of the
diaphragm 136 and the back plate 137. The diaphragm 136 faces the air chamber 134, which is an internal space of the
MEMS-ECM. The diaphragm 136 also faces the back plate 137. Vibrations generated at a vibration source stimulate air
vibrations to propagate through the pressure information passage 132 (air hole, sound hole), which is in communication
with the exterior, into the air chamber 134 to vibrate the diaphragm 136 as a diaphragm. The vibrations of the diaphragm
136 cause a change in the distance between the diaphragm 136 and the back plate 137, which then causes a change in
capacitance. The change in capacitance is converted into voltage corresponding to detect the vibrations.

[0206] In the MEMS-ECM as shown in Fig. 17, the diaphragm 136 and the back plate 137 are disposed at a gap of
approximately 4 um, and the diaphragm 136 has a floating structure. The subject information detecting unit free from
the film member 111 disposed on a finger of the subject 191 for a while causes dew condensation on the diaphragm 136
or the back plate 137 in the MEMS-ECM due to moisture (water vapor) from the finger of the subject 191, which hinders
detection of signals, resulting in no signal output from the sensor 131. As shown in Fig. 16, a change in amplitude, or a
reduction in sensitivity of the sensor was observed even after the subject information detecting unit free from the film
member 111 was removed from the finger of the subject 191, desiccated, and restored to emit signals again. This suggests
that the positional relationship between the diaphragm 136 and the back plate 137 cannot be restored to the original
position after dew condensation disappears from the diaphragm 136 or back plate 137.

[0207] The subject information detecting unit I1 according to the present invention, which has been made to address
the phenomenon, includes the film member 111 which separates the opening 122 of the sensor mount 121 from the sensor
131 and blocks the permeation of moisture. Such a film member 111 prevents the effect of dew condensation on the
sensor 131 after the subject information detecting unit 11 is mounted on the subject 191 for a long time to detect pulsating
signals.

<Film member and frequency characteristics>

[0208] With reference to Fig. 2, the frequency characteristics of the subject information detecting unit |1 according to
this embodiment are measured. The subject information detecting unit |1 used for the measurement includes the film
member 111 disposed between the O-rings 124a and 124b to separate the opening 122 of the sensor mount 121 from the
sensor 131.

[0209] To measure the frequency characteristics, a diaphragm was removed from a dynamic speaker, and a rubber
sheet was affixed to an exciter which was removed a paper cone while a voice coil was left in a movable state. The
rubber sheet affixed to the speaker was pressure-bonded to the subject information detecting unit 11 such that the rubber
sheet faces the opening of the subject information detecting unit 11 to form a combined air chamber.

[0210] In this configuration, an FFT analyzer was used as a low-frequency signal generator to output signals with
various frequencies in the range of 0.125-100 Hz by a sinusoidal sweep. The signal from the FFT analyzer was sent to
a DC power amplifier for amplification. The amplified signal (signal 1) was sent to the above-mentioned speaker to drive
the voice coil in the speaker. The signal amplified by the DC power amplifier, which is the signal 1, was also sent to the
FFT analyzer. The signal from the speaker physically moved up and down the rubber sheet affixed to the speaker in
response to the signals. The sensor 131 of the subject information detecting unit 11 to be measured detected vibrations
of the rubber sheet via the combined air chamber and output signal.

[0211] The signal from the subject information detecting unit 11 having detected the vibrations was processed by
frequency correction with a frequency compensating circuit. The resulting signal 12 (volume or speed pulse wave signal)
was sent to the FFT analyzer. The frequency compensating circuit performs processing similar to that of the frequency
correction; a signal acquired through amplification of a signal from the subject information detecting unit 11 was a speed
pulse wave signal; and a signal acquired through integration of a signal from the subject information detecting unit 11
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was a volume pulse wave signal.

[0212] The signal (signal 1), from the low-frequency signal generator, which was amplified by the DC power amplifier
and drove the speaker, and the signal (signal 2), acquired through frequency correction on the signal from the subject
information detecting unit 11, were sent to the FFT analyzer. For the amplitude and phase characteristics of signals 1
and 2, the ratio of signal 2 to signal 1 was accumulated 128 times for each frequency over the sweeping range of
0.125-100 Hz and averaged to determine the low-frequency characteristics of the MEMS-ECM at each frequency.
[0213] The frequency characteristics measured with a film member 111 of a PET film having a thickness of 9 um are
shown in Fig. 18. Fig. 18(a) illustrates the frequency characteristics of a speed pulse wave signal which is acquired
through amplification of a signal from the subject information detecting unit 11. Fig. 18(b) illustrates the frequency char-
acteristics of a volume pulse wave signal which is acquired through integration of a signal from the subject information
detecting unit 11. The frequency of about 1 Hz in Figs. 18(a) and 18(b) corresponds to the basic frequency of a pulse
wave, which represents the frequency characteristics around the frequency.

[0214] The frequency characteristics of the speed pulse wave signal in Fig. 18(a) exhibits a speed response of ap-
proximately 6dB/dec around 1 Hz. The frequency characteristics of the volume pulse wave signal in Fig. 18(b) are those
that can generate a volume pulse wave with approximately 0dB/dec around 1 Hz. These results indicate that the film
member 111 separating the opening 122 from the sensor 131, as showin Fig. 2, does not affect the frequency characteristics
for detecting pulse waves.

<Thickness of the membrane and waveform>

[0215] Based on the above measurement, variations in the waveforms detected by the subject information detecting
unit 111 including the film member 111 were investigated.

[0216] Fig. 15 illustrates the pulse waveform observed from pulsating signals in a blood vessel detected with the
subject information detecting unit free from the film member 111. More specifically, such pulsating signals were detected
by a MEMS-ECM sensor 131, as pressure information propagating through the opening 122, the cavity 123 and the air
chamber 134 after the sensor mount 121 is mounted on the subject 191 in a state where the opening 122 of the sensor
mount 121 faces the skin 193 of a fingertip of the subject 191 and the cavity 123 defines a closed cavity. The waveform
of a speed pulse wave acquired through the measurement (observed data) is shown in Fig. 15(b). A volume pulse wave
acquired through compensation for the speed pulse wave with the above-mentioned integrating circuit is shown in Fig.
15(a). An acceleration pulse wave acquired through compensation for the speed pulse wave with the above-mentioned
differentiating circuit is shown in Fig. 15(c).

[0217] Figs. 19, 20 and 21 illustrate the pulse waveform observed from pulsating signals in a blood vessel detected
with the subject information detecting unit |1 that includes the film member 111 illustrated in Fig. 2. More specifically,
such pulsating signals were detected by a MEMS-ECM sensor 131, as pressure information propagating through the
opening 122, the cavity 123, the film member I11 and the air chamber 134 after the sensor mount 121 is mounted on the
subject 191 such that the opening 122 of the sensor mount 121 faces the skin 193 of a fingertip of the subject 191 and the
cavity 123 defines a closed cavity.

[0218] The ring member 124 includes two rubber O-rings with a diameter of approximately 6 mm sandwiching the film
member 111. PET films with a thickness of 9 pm, 25 um and 38 pm are used as the film members 111. The waveforms
in Figs. 19, 20, and 21 correspond to the PET film with a thickness of 9 pm, 25 um and 38 pm, respectively. The
waveforms of the speed pulse waves acquired in measurement (observed data) are shown in Figs. 19(b), 20(b) and
21(b). The waveforms of the volume pulse waves acquired through compensation for the speed pulse wave with the
above-mentioned integrating circuits are shown in Figs. 19(a), 20(a) and 21(a). The waveforms of the acceleration pulse
waves acquired through compensation for the speed pulse wave with the above-mentioned differentiating circuits are
shown in Figs. 19(c), 20(c) and 21(c).

[0219] Comparison of the waveforms in Fig. 15 with those in Figs. 19, 20 and 21 indicates that all these waveforms
have identical shapes although the signal level of the acceleration pulse waves was lower than that of volume or speed
pulse waves at a constant in the measurement. Accordingly, no change is observed in the waveform of a detected signal
in the frequency range in which the pulse waves are detected, although changes in the signal level are observed, when
the film member 111 was set and pulsating signals are detected through the film member 111.

<Effect of thickness of film member>

[0220] Fig. 22 is a graphical representation of the relationship between the thickness of the film member 111 and the
amplitude of a speed pulse wave signal read from the peak-to-peak values of the speed pulse waveforms shown in Figs.
19(b), 20(b) and Fig. 21(b). As shown in Fig. 22, a thicker film member 111 (thicker film) tends to have a lower signal
level. Accordingly, a thinner film member 111 is preferred at least in view of the signal level, provided that it has enough
thickness to block the permeation of moisture.
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<Direct blockage of air hole in MEMS-ECM>

[0221] In the subject information detecting unit 11, as shown in Fig. 2, the ring member 124, which defines a closed
cavity, is composed of two rubber O-rings 124a, 124b sandwiching the film member 111.

[0222] Anexample of a waveform detected by the subject information detecting unit with the film member 111 disposed
to directly block the pressure information passage 132 of the sensor 131 (air hole) is provided for reference. In the subject
information detecting unit according to the reference example, SPM0408HD available from Knowles was used as the
MEMS-ECM sensor I31. The air hole in the MEMS-ECM was directly blocked as follows: A rubber O-ring with a diameter
of 1.5 mm was placed around the air hole (sound hole) and bonded with an adhesive agent, the air hole, also called an
acoustic port, having a diameter of 0.838 mm (tolerance: 0.1 mm) and corresponding to the pressure information passage
132; and a PET film having a thickness of 9 um was bonded with the O-ring with a diameter of 1.5 mm with an adhesive
agent to directly block the air hole in the MEMS-ECM. A subject information detecting unit according to the reference
example was also fabricated as follows: A rubber O-ring facing the subject and a resin ring member with a diameter of
approximately 6 mm were attached to the sensor as a sensor mount. The sensor mount has a cavity including the air
hole and the O-ring bonded with the PET film and defines a spatial structure of a closed cavity when mounted on the
subject such that the sensor mount comes into contact with the subject.

[0223] Fig. 23 illustrates the pulse waveform observed from pulsating signals in a blood vessel detected with the
subject information detecting unit including the sensor mount 121 according to the reference example. More specifically,
such pulsating signals were detected by a MEMS-ECM sensor 131, as pressure information propagating through the
opening 122, the cavity 123, the film member 111 blocking the pressure information passage 132 (air hole), and the air
chamber 134 after the sensor mount 121 is mounted on the subject 191 such that the opening 122 of the o-ring, which
functions as the sensor mount 121 according to the reference example, faces the skin 193 of a fingertip of the subject
191 and the cavity 123 defines a closed cavity. The waveform of a speed pulse wave acquired through the measurement
(observed data) is shown in Fig. 23(b). A volume pulse wave acquired through compensation for the speed pulse wave
with the above-mentioned integrating circuit is shown in Fig. 23(a). An acceleration pulse wave acquired through com-
pensation for the speed pulse wave with the above-mentioned differentiating circuit is shown in Fig. 23(c).

[0224] The waveforms shown in Figs. 23(a) to 23(c) exhibit a signal level significantly lower than those obtained by
the subject information device according to this embodiment, as shown in Figs. 19, 20 and 21. Accordingly, the direct
blockage of the pressure information passage of the sensor 132 is not preferred for the dimension of the MEMS-ECM
used in the reference example.

<Frequency response and corner frequency>

[0225] The frequency response of the film member I11 will now be described in connection with the signal waveforms,
as shown in Figs. 23(a) to 23(c), of the subject information detecting unit according to the reference example, which
includes the film member 111 disposed to directly block the pressure information passage 132 of the sensor 131. The film
member 11 according to the present invention exhibits the frequency response of a "tensioned film". Such frequency
response is that of a second-order high-pass filter having a corner frequency indicated by "f" in Formula | (1), where the
film has a radius of R, as show in Fig. 24, and the vibration mode is the first-order mode.

[0226] [Formula 1]

f= S(SQRT (—IE-)) Formula I (1)

where,

T: tension (dyne/cm)

m: mass per unit area (gr/cm2)
R: radius of film (cm)

a: 0.382 for circular film

[0227] Fig. 24 is a schematic view of vibrations of a film having a radius R and a first-order vibration mode. The upper
diagram illustrates the surface of the circular film viewed vertically and the lower diagram illustrates the surface of the
circular film viewed horizontally.

[0228] The relationship between the frequency response of a "tensioned film", that is, the frequency response of the
second-order high-pass filter having the corner frequency fin Formula I(1), and response is shown in Fig. 25.

[0229] Since the center frequency of the pulse waves to be detected is approximately 1 Hz in the present invention,
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the frequency range required for a full detection of pulse waves is preferably 0.1 Hz<f<100 Hz. If that range cannot be
readily detected, at least a range of 0.3 Hz<f<10 Hz should be covered.

[0230] As shown in Fig. 25, the "tensioned film" such as the film member 111 has a significantly reduced frequency
response in a frequency range below the corner frequency f,,. Since the frequency response of the "tensioned film" is
of the second order, itis difficult to set the corner frequency f; to be higher than 100 Hz and to correct it through a double
integration. Thus, the film member 111 should be disposed such that the corner frequency fj, shown in Fig. 25, is 0.3 Hz
or less, or preferably 0.1 Hz or less to ensure detection of pulse waves.

[0231] The subjectinformation detecting unit |1 according to this embodiment, which has the film member 111 disposed
between O-ring 124a and O-ring 124b in the cavity 123 of the sensor mount 121, can retain the frequency characteristics
necessary for detecting pulse waves as shown in Fig. 19. In contrast, the subject information detecting unit 11, which
has the film member 111 disposed to directly block the pressure information passage 132 of the sensor 131, cannot retain
the required frequency characteristics for the following reasons: Fixation of the tensioned film over a small opening of
the pressure information passage 132 decreases R and increases T in Formula I(1), which sets the corner frequency in
Fig. 25 to a significantly high value. This reduces response in the frequency range in which the pulse waves are detected,
resulting in an inability to detect signals, as shown in Fig. 23.

[0232] The frequency response shown in Formula | (1) indicates that a film member 111 having a larger radius, a lower
tension and a larger mass per unit area can effectively reduce the corner frequency f,. A smaller radius R of the film
member 111 needs a lower tension thereof, or a loosely tensioned film member 111 since no parameter in Formula | (1)
other than T (tension) can be drastically changed.

[0233] As described above, the corner frequency "f* calculated with Formula | (1) should be at least 0.3 Hz or less
(preferably, 0.1 Hz or less) in order for the film member 111, disposed in a closed cavity, to function as a partition for
preventing dew condensation. This indicates that a smaller radius of the film member 111 needs fixation thereof with a
lower tension. If the corner frequency f, calculated by Formula | (1), of the film member 111 is at least 0.3 Hz or less,
preferably, 0.1 Hz or less, the film member 111 may be disposed to directly block the pressure information passage 132
of the sensor 131. Alternatively, the film member 111 may be sandwiched between O-rings 124a and 124b in the ring
member 124, as shown in Fig. 2, to physically separate it from the pressure information passage 132.

[I-4. Advantageous effect of subject information detecting unit and subject information processing device]

[0234] The subject information detecting unit 11 and subject information processing device 13 according to this em-
bodiment (hereinafter these referred to as "the subject information detecting unit 11" and "the subject information process-
ing device 13", respectively) can detect pulsating signals in the blood vessel 192 and respiration signals when the subject
information detecting unit 11 is mounted with the opening 122 thereof disposed above the blood vessel 192, even if the
pressure information passage 132 of the sensor 131 is notimmediately above the blood vessel 192. The subject information
processing device I3 can be provided that detects pulsating signals in the blood vessel 192 and respiration signals,
without a requirement for an exact positional relationship between sensor 131 and the blood vessel 192.

[0235] The subject information processing device 13 allows the cavity 123 to define a closed cavity between the sensor
131 and the skin 193 of the subject 191 when the opening 122 of the subject information detecting unit 11 is put into contact
with the subject 191 in the detection of pulsating signals. The subject information processing device I3 limits the diameter
of the opening 122 to a predetermined size, thereby limiting the range of the pressure information received by the opening
122. This, in turn, limits the detectable range of the pressure sensor of the subject information processing device 13. Such
limitation provides the subject information detecting unit 11 having a higher directivity (or spatial resolution) than sensing
with a sensor, such as a piezoelectric element or microphone, in an open state.

[0236] Detection of pulsating signals near the blood vessel 192 utilizing the high directivity of the subject information
detecting unit 11 of the subject information processing device I3 can improve the signal-to-noise ratio and the sensitivity
of a pulsating signal and of a respiration signal extracted from the pulsating signal.

[0237] The film member 111 in the subject information detecting unit 11 and the subject information processing device
I3 blocks the permeation of moisture from the subject 191 to the sensor 131, and allows the sensor 131 to detect pressure
information deriving from pulsating signals in a blood vessel in the subject 191, and propagating through the opening
122, the cavity 123, and the film member 111. This prevents signal block from the sensor 131 or a reduction in sensitivity
of the sensor 131, which is caused by an adverse effect of water vapor from the subject on the sensor 131, and thus
effectively prevents changes in the waveforms. It also ensures a stable detection of pulsating signals even if the subject
information detecting unit 11 is mounted on the subject 191 for a long time or when the subject 191 sweats, for example,
during work or exercise and emits a lot of water vapor. In addition, the film member 111, which blocks the permeation of
moisture, does not adversely affect detected waveforms; a pulse wave signal propagating through the film member 111
has frequency characteristics suitable for detecting pulse waves, as compared with the absence of the film member 111.
[0238] This subject information detecting unit I1 and the subject information processing device 13 may have the sensor
131 and the sensor mount 121 affixed in a replaceable manner. Contamination of or damage to the sensor mount 121
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during use of the subject information detecting unit 11 and the subject information processing device I3 may require
replacement of the sensor mount 121. Attachment of moisture or dirt onto the film member 111, which adversely affects
a detected signal, may also require replacement of the film member 111. To use the subject information detecting unit
11 and the subject information processing device I3 for any other subject after they have been used, the sensor mount
121, which is to put into contact with the subject 191, should be replaced from a sanitary perspective. This subject
information detecting unit I1 and the subject information processing device 13 are advantageous in that the film member
111 and the sensor mount 121 can be used in a disposable manner, since fixation of sensor 131 and the sensor mount
121 in a replaceable manner allows them to be replaced whenever necessary, while the sensor 131, which is relatively
expensive, is used repeatedly.

[I-5. Additional features]
<Placement of desiccant>

[0239] As described above and shown in Fig. 2, the subject information detecting unit 11 is structured such that the
air chamber 134, which is in communication with the cavity 123 via the air hole 132, defines a spatial structure (closed
cavity), the film member 111, disposed at a position that separates the internal cavity 123 into the subject-adjacent space
125 and the sensor-adjacent space 126, and the closed cavity is segmented by the film member [11.

[0240] The subject information detecting unit [1 may have a desiccant disposed in the closed cavity. Such desiccant
absorbs the water vapor generated in the closed cavity after the subject information detecting unit 11 is mounted on a
subject, which can alleviate an adverse effect on the sensor 131 or detection of signals. In particular, the desiccant is
preferably disposed in the sensor-adjacent space 126 in the sensor 131, in which case the effect of water vapor on the
sensor 131 especially on the pressure-sensitive element 133 can be reduced. A placement of the desiccant is for example
that a spherical shaped desiccant may be affixed in the closed cavity by bonding.

[0241] As the desiccant, any physical or chemical desiccant that can absorb moisture in the closed cavity may be
used. In particular, a physical desiccant that can absorb moisture may be suitably used. Examples of such physical
desiccants include silica gel, oxidized aluminum, and zeolite.

<Signal processing>

[0242] In the above description, pulsating signals are processed with an analog circuit included in the signal processor
12 of the subject information processing device 13, 15. Alternatively, such signals may be processed with a digital circuit
included in the signal processor 12 of the subject information processing device 13, 15. Examples of such digital circuits
include a combination of a circuit including a digital signal processor (DSP) and an analog circuit or a combination of a
central processing unit (CPU) and a DSP.

[1l. Subject information detecting unit mounted on finger]

[0243] A subjectinformation detecting unit mounted on a finger according to the second aspect of the presentinvention
will now be described. The second aspect of the present invention is referred to as "the present invention" in this
embodiment.

[0244] With reference to drawings, the subject information detecting unit according to an embodiment of the present
invention will be described. The present invention should not be limited to these embodiments, and any modification
may be made without departing from the scope of the invention.

[II-1. Description of first embodiment]

[l-1-1. Exemplary configuration of subject information detecting unit according to first embodiment]

<Configuration of subject information detecting unit>

[0245] An exemplary subject information detecting unit F1 mounted on a finger according to the first embodiment of
the present invention includes a body F11 and a first sensor F21, as shown in Figs. 26(a) and 26(b).

[0246] The subject information detecting unit F1 includes a radio transmitter F22 which sends the output from the first

sensor F21 in the form of radio signals (See Fig. 27). The radio transmitter F22 is preferably disposed on the external
surface of the body F11 at a portion opposite to a contact portion F25 of the body F11.
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(Body)

[0247] The body F11 includes a contact portion F25, which is a portion that comes into contact with a skin F92 of the
subject when the subject information detecting unit F1 is mounted on a finger F91 of the subject. The body F11 is a
mountable member on the finger F91. The body F11 further includes a cavity F13 that has an opening F12 at the contact
portion F25 with the skin of the finger F91 when the subject information detecting unit F1 is mounted on the finger F91.
The cavity F13 having a closed spatial structure in a state where the subject information detecting unit F1 is mounted
on the finger F91 such that the opening F12 is in contact with the skin of the finger. The closed spatial structure defined
by the cavity F13 is also referred to as a "closed cavity".

[0248] Preferably, the body F11 includes a finger mount F14 and a first sensor mount F15. The finger mount F14 is
to be mounted on the finger F91. The first sensor mount F15 is provided at a portion facing the skin of the finger F91
on the body F11. The first sensor F21 is attached to the first sensor mount F15 so as to exist inside the cavity F13. The
finger mount F14 and the first sensor mount F15 are preferably connected with each other.

[0249] As shown in Fig. 26(a), the first sensor mount F15 of the subject information detecting unit F1 may include a
ring member F16 and a cap member F17. The ring member F16 forms a cavity F13 inside when one opening F12 is in
contact with the skin of the finger F91. The cap member F17 can block the other opening of the ring member F16 such
that the first sensor F21 can be disposed in the cavity F13. The first sensor F21 may be disposed on the ring member
F16 or the cap member F17. Alternatively, the first sensor mount F15 of the subject information detecting unit F1, as
shown in Fig. 26(b), may be a recess member F20. The recess member F20 has an opening F12 and a concave. The
opening F12 is in contact with the skin of the finger when the first sensor mount F15 is mounted on the finger. An inside
of the concave is the cavity F13 in communication with the opening F12. The first sensor F21 may be disposed in the
recess member F20.

[0250] The body F11 of the subject information detecting unit F1 may include a polarity detecting means F18 and a
displaying means F19. The polarity detecting means F18 detects the polarity of the output from the first sensor F21. The
displaying means F19 indicate polarity inversion when the polarity inversion is detected in the polarity detecting means
F19(See Fig. 27).

(First sensor)

[0251] The first sensor F21 is disposed in the body F11 and detects pulsating signals in a blood vessel in the finger
F91 through the opening F12 of the body F 11 as pressure information deriving from the pulsating signals and propagating
through the cavity F13.

[0252] The first sensor F21 may be of any type that can detect pulsating signals in the blood vessel, preferably be a
microphone or piezoelectric element, which electrically detects air vibrations (sound pressure information) caused by
vibrations of the skin of a finger the subject, the vibrations of the skin originating from pulsation in the blood vessel. A
condenser microphone, one type of microphone, is particularly preferable due to its high directivity, signal-to-noise ratio
and sensitivity. An electret condenser microphone (ECM) can also be suitably used. A MEMS-ECM, which is manufac-
tured by microelectromechanical system (MEMS) technology, is also preferred (hereinafter referred to as "MEMS-ECM").
A PZT piezoelectric element composed of lead zirconate titanate (also referred to as "PZT") can be suitably used as a
piezoelectric element since the PZT piezoelectric element, composed of ceramic, exhibits high piezoelectric conversion.

(Opening)

[0253] The opening F12 is defined by one side of the ring member F16 or the recess member F20 on the body F11
of the subject information detecting unit F1. The opening F12 is a portion to be in contact with the skin of the finger when
the subject information detecting unit F1 is mounted on the finger F91 of the subject. Thus, one side of the ring member
F16 or the opening of the recess member F20 represents an opening of the subject information detecting unit F1 and
the first sensor mount F15.

[0254] The relationship between the diameter of the opening F12 in the subject information detecting unit F1 according
to this embodiment and signal strength is similar to that of the diameter of the opening 122 and signal strength in the
subject information detecting unit 11 and subject information processing device 13, described with reference to Fig. 3.
[0255] A significantly large diameter of the opening F12, for example, a diameter exceeding 10 mm leads to a bulge
of the surface tissue, such as skin or fat, of the finger of the subject to cause it to get into the cavity F13, which may
interfere with the first sensor F21 when the subject information detecting unit F1 is mounted on the finger F91 of the
subject. A significantly large diameter of the opening F12 may prevent the cavity F13 from defining a closed cavity when
the subject information detecting unit F1 is mounted on the finger F91 of the subject such that it is put into tight contact
with a three-dimensional shape of the finger F91 of the subject. At a constant height of the cavity F13, as the diameter
of the opening F12 of the cavity F13 increases, the volume of the cavity F13 increases. At a constant strength of pulsating
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signals, as the volume of the cavity F13 increases, the attenuation of vibrations originating from pulsating signals in a
blood vessel also increases, which tendency may reduce the strength of a signal detected by the first sensor F21. A
significantly large diameter of the opening F12 allows the subject information detecting unit F1 to detect pulsating signals
in the blood vessel even if the detecting unit is not disposed immediately above the blood vessel, which dislocation may
reduce the directivity of the first sensor F21.

[0256] For these reasons, the diameter of the opening F12 ranges from normally 3 mm or more, preferably, 4 mm or
more, more preferably, 6 mm or more to normally 10 mm or less, preferably 8 mm or less. The lower limit of the diameter
of the opening F12 is preferably above the value of the lower limit of the above range. Since it increases the gain of the
detected pulsating signals and facilitates a close contact of the opening F12 at a position where vibrations from the blood
vessel F93 can be readily detected with the subject information detecting unit F1 mounted on the finger F91 of a subject.
The upper limit of the diameter of the opening F12 is preferably below the value of the upper limit of the above range.
Since it reduces the effect of the subject in the opening F12 and prevents a reduction in sensitivity along with an increase
in the volume of the cavity F13 and thus facilitates the first sensor F21 to retain high directivity.

[0257] For the subject information detecting unit F1 according to the present invention mounted on the finger F91 of
the subject to detect pulsation signals in a blood vessel in the finger F91, the diameter of the opening F12 preferably
ranges from one half to three quarters of the finger span in order for the cavity F13 to define a closed cavity to detect
pulsating signals at high sensitivity.

(Ring member)

[0258] The ring member F16 has the internal cavity F13 and its one side of open edge comes into contact with the
skin of the finger to form a closed cavity. The ring member F16 is preferably composed of an elastic material. Alternatively,
the ring member F16 may be composed of any resin or metal that can form the cavity F13 confining pulsating signals
from the subject. A preferred example of the elastic ring member F16 is an O-ring composed of such material. The ring
member F16 may be composed of a rigid material for the purpose of defining the closed cavity F13. In such a case, the
open edge that comes into contact with the skin is preferably composed of a material having a high affinity for the skin
and a high elasticity, such as rubber or silicone, in view of the characteristics of the skin (flexibility).

(Recess member)

[0259] The recess member F20 forms the cavity F13 in the concave and its open edge comes into contact with the
skin of the finger to form a closed cavity. The recess member F20 is preferably composed of an elastic material. Alter-
natively, the recess member F20 may be composed of any resin or metal that can form the cavity F13 confining pulsating
signals from the subject. Although the recess member F20 may be composed of a rigid material for the purpose of
defining the closed cavity F13, at least the open edge to come into contact with the skin the recess member F20 is
preferably composed of an elastic material having a high affinity for the skin, such as rubber or silicone, in view of the
characteristics (flexibility) of the skin.

(Signal processor and the polarity detecting means)

[0260] The subjectinformation detecting unit F1 preferably includes a signal processor F23. The signal processor F23
is composed of an electric circuit that detects the pressure information deriving from pulsating signals detected by the
first sensor F21 (See Fig. 27). As shown in Fig. 27, the signal processor F23 includes an amplifier F111, a polarity
detecting means F18, an automatic gain controller (AGC) F112, an A/D converter F113, and a microcontroller F114.

[0261] Thefirstsensor F21 acquires a pressureinformation signal. The amplifier F111 receives the pressure information
signal from the first sensor F21, amplifies the signal, and sends the amplified signal to the polarity detecting means F18.
[0262] The polarity detecting means F18 detects a change in polarity of the signal detected by the first sensor F21. A
pressing force to put the opening F12 of the first sensor mount F15 into contact with the skin of a finger may be varied
for detection of a blood vessel or capillary in the finger. Such a variable pressing force inverts the polarity of a signal
detected by the first sensor F21. This phenomenon is observed, regardless of the type (MEMS-ECM or PZT having a
closed cavity) of the first sensor F21, although the reason for the phenomenon is unknown. The polarity detecting means
F18 receives a signal from the amplifier F111 and sends it to the AGC F112. If the polarity detecting means F18 detects
polarity inversion, the polarity detecting means F18 sends a signal indicating the reversion to a displaying means F19.
The thickness of a finger and the strength of a pulsating signal depend on subjects, and appropriate pressing force
varies accordingly. To keep the same polarity of signals to some extent, the pressing force should be adjusted to an
appropriate level by varying, for example, the size of the opening F12, or the size of a cylindrical finger cot in accordance
with the subject. The size of the opening F12 can be changed by varying the material or shape of the ring member F16.
[0263] The AGC F112receives a signal from the polarity detecting means, automatically controls the gain of the signal,
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and sends the adjusted signal to an A/D converter F113. The AGC F112 performs the automatic gain control such that
the full dynamic range of the A/D converter F113 can be used for signals.

[0264] The A/D converter F113 receives an analog signal from the AGC F112, converts the analog signal into a digital
signal, and sends the digital signal to the microcontroller F114.

[0265] The microcontroller F114 receives the digital signal from the A/D converter F113 and sends it to the radio
transmitter F22.

(Displaying means)

[0266] If the polarity detecting means F18 detects polarity inversion, the displaying means F19 receives a signal
indicating the reversion from the polarity detecting means F18 and indicates it. The displaying means F19 may be a
LED that indicates a change in polarity by light or a buzzer that indicates a change in polarity by beep.

[0267] The polarity detecting means F18 and the displaying means F19 are used to indicate the polarity inversion of
a signal and prompt the subject, for example, to replace the finger mount F14.

(Radio transmitter)

[0268] The radio transmitter F22 receives a signal from the microcontroller F114 in the signal processor to output a
radio signal from the first sensor F21. The radio transmitter F22 may be a radio chip (Bluetooth chip) incorporating an
antenna, such as Bluetooth Low Energy ("Bluetooth" being a registered trademark and hereinafter referred to as "Blue-
tooth LE"). An active radio transmitter F22 with an antenna placed in the vicinity of a living body drastically changes the
propagation state of signals, which may significantly reduce the transmission distance of radio waves. Thus, the radio
transmitter F22 is preferably disposed on the outer surface of the body F11 at a position opposite to a contact portion
F25 of the body F11, that is, the farthest position from the living body in the subject information detecting unit. Bluetooth
LE is used in this embodiment. Any other system may also be used.

[0269] The signal processor F23 processes a pulsating signal detected by the first sensor F21. The radio transmitter
F22 sends the processed signal to an external computer F121 or a smart phone F122 via wireless communication, such
as Bluetooth LE. The external computer F121 or the smart phone F122 performs signal or statistical processing suitable
for purpose on the sent signal and displays the results of the processing.

(Computer and smart phone)

[0270] The computer F121 and the smart phone F122 record the data transmitted from the radio transmitter F22 for
a long time and performs statistical processing, such as detrended fluctuation analysis (DFA) to display the state of the
heart on the screen of the computer F121 or the smart phone F122. Alternatively, the computer F121 and the smart
phone F122 searches for the normal signal information of the subject and issues a warning if any deviation is found.
Examples of methods for warning to the subject include screen flash, sound or vibration.

[0271] Alternatively, the information recorded in the computer F121 or the smart phone F122 may be sent to an
information center (not shown) for central management. For example, a track and field athlete receives training while
wearing the sensor. The data may be sent to the computer F121 placed in the field or coach’s smart phone F122 so
that the coach can monitor load on the athlete in real time. Up to eight subject information detecting units having a similar
configuration can be paired with the computer F121 or the smart phone F122 for control. This configuration allows the
state of multiple subjects to be observed through the subject information detecting units. Such data may be further
transmitted, for example, to medical staff who are monitoring the individual states of several athlete groups in a stadium.
[0272] Alternatively, a detected pulsating signal may be differentiated to produce a pulse waveform for observation,
or the pulse waveform may be demodulated into a respiration signal.

<Subject information detecting unit>

[0273] The subject information detecting unit F1 according to this embodiment, which is configured as described
above, the cavity F13 defines a closed spatial structure (closed cavity) when the opening F12 is put into contact with
the contact portion F93 of the finger F91 of the subject. In this configuration, the first sensor F21 of the subject information
detecting unit F1 receives pressure information deriving from pulsating signals in a blood vessel in the vicinity of a
mounting portion of the subject information detecting unit F1 on the finger F91 of the subject to detect the pulsating
signals in the blood vessel in the subject.
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<Closed cavity>

[0274] The subject information detecting unit according to the present invention (hereinafter also referred to as "the
subject information processing unit"), which is mountable on the finger F91 of the subject, includes the cavity F13 having
the opening F12 with a diameter of 3 mm to 8 mm at the contact portion F25 with the skin F92 of the finger F91 after
the subject information detecting unit is mounted on the finger F91. The cavity F13 of the subject information detecting
unit defines a closed spatial structure after the subject information detecting unit is mounted on the finger F91 such that
the opening F12 comes into contact with the skin of the finger F91. The first sensor detects a pulsating signal in a blood
vessel in the finger F91 through the opening F12 of the body section F11 as pressure information deriving from the
pulsating signal and propagating through the cavity.

[0275] The vibrations originating from the heartbeat can be captured at any portion of a human body when pulsating
signals are detected from the blood vessel in the subject. For example, a pressure sensor, such as a microphone or a
piezoelectric element, is placed in the vicinity of the subject to attempt detection of vibrations in an open state. However,
the vibrations originating from the heartbeat or a blood vessel are significantly weak and thus cannot be readily detected
by a sensor in an open state even if the pressure sensor is placed near the human body.

[0276] The sensor may be pressed against the skin of a subject directly to detect pulsating signals from a subject.
Unfortunately, a desired level of signal cannot be acquired even if, for example, a microphone functioning as a sensor
is pressed against the subject. For example, an ECM with an air hole having a diameter of 2 mm can detect signals only
through the air hole placed immediately above the blood vessel. In contrast, a MEMS-ECM with an air hole (sound hole)
cannot readily detect signals due to its smaller diameter than that of the blood vessel. Such a disadvantage of the ECM
or MEMS-ECM is due to its characteristics; the ECM or MEMS-ECM can detect pulsating signals in the blood vessel
immediately under the pressure information passage (air hole, sound hole) of the ECM or MEMS-ECM if no closed cavity
including an opening and a cavity is provided between the subject and the sensor. Accordingly, the ECM or MEMS-ECM
cannot detect pulsating signals from a blood vessel which is dislocated from the position of the pressure information
passage.

[0277] The subject information processing unit F1 of this embodiment includes the ring member F16 functioning as
the first sensor mount F11 that includes the opening F12 and the cavity F13, and defines a closed cavity when the
opening is put into contact with the subject. This allows the subject information processing unit F1 to detect pulsating
signals in a blood vessel within the range of the opening F12.

<Mounting position of subject information detecting unit>

[0278] The subject information detecting unit F1 can be mounted on a finger F91 of any subject, for example, human
or animal, and can detect pulsating signals in a blood vessel.

[0279] A pressure sensor has been disposed on the ball of a finger at a fingertip to detect pulsating signals from a
capillary in the fingertip. The present inventors have found that a pressure sensor disposed on a contact position with
the skin at a position corresponding to a finger joint can detect pulses from an artery F97 itself at the joint (hereinafter
simply referred to as "blood vessel"), not from a capillary. The skin at a position corresponding to the finger joint is a
position that can define the blood vessel F97, and detect a pulse wave signal significantly larger than that of a capillary
at a fingertip can be acquired. Thus, a pressure sensor placed on the contact position with the skin at a position corre-
sponding to the finger joint can detect relatively larger and more stable pulse waves than those from a capillary at a
fingertip.

[0280] The presentinvention captures changes in pressure in the cavity F13 to be a closed space in accordance with
the principle of a closed cavity. Thus, a pulsating signal can be detected from a bidimensional blood vessel within the
footprint of the closed cavity as a significant change in pressure. The closed cavity eliminates the necessity for placing
the blood vessel F97 at the center of the opening F12. The ring member F16 or the recess member placed at the position
where the blood vessel F97 resides allows pulsating signals to be detected successfully, without an adverse effect of a
slight movement of the finger F91 or the subject information detecting unit.

[0281] For detection from a capillary under the skin opposite to a nail, a movement of the finger F91 would have a
smaller effect. However, the present inventors focused on the level of a signal from the blood vessel F97 near the finger
joint. When measurement is performed on a capillary for a long time, a variation in the amplitude of pulse wave signals
from the blood vessel F97 near the joint are more large and stable than those from the capillary for unknown reasons.
A relatively long time is envisaged to detect pulsating signals from a fingertip. Accordingly, the contact portion with the
skin at a position corresponding to the finger joint can be suitably used.

[0282] As a preferred mounting position on the subject of the subject information detecting unit F1, the contact portion
F25 with the skin of the finger F91 of the first sensor mount F15 of the body F11 is a position that is in contact with the
skin at a position corresponding to the joint of the finger F91, from a perspective of the position of a blood vessel and
detection of pulse waves. In particular, it is preferred that the contact portion F25 is a position that is in contact with the
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skin at a position corresponding to the first joint F94 of the finger F91 in view of mountability.

[0283] If the contact portion F25 of the subject information detecting unit F1 is the position that is in contact with the
skin at a position corresponding to the finger joint, at least the edge of the opening F12 of the subject information detecting
unit F1, that is, the end of the opening F12 of the elastic ring member F16 of the first sensor mount F15, or the end of
the opening F12 of the recess member is preferably contacting at the knuckle of the finger joint. More preferably, the
opening F12 of the subject information detecting unit F1 is positioned above the knuckle of the finger joint.

[0284] To alleviate the effect of body motion on pulse wave signals, multiple fingers are preferably used to make a
decision in accordance with the principle of majority rule or a method for selecting a signal measured under the best
condition.

[0285] The subject information detecting unit F1 may be mounted on a foot finger to detect pulsating signals, instead
of a hand finger used in the above description.

[lI-1-2. Operation of subject information detecting unit according to first embodiment]

[0286] An exemplary operation of the subject information detecting unit F1 according to the first embodiment of the
present invention will now be described.

[0287] The first sensor mount F15 is disposed such that the opening F12 of the ring member F16 comes into contact
with the first joint F94 on the ball of the finger F91 of the subject. The finger mount F14 is used to mount the subject
information detecting unit F1 on the finger F91 of the subject. In this configuration, the first sensor F21 of the subject
information detecting unit F1 detects pulsating signals.

[-1-3. Advantageous effect of subject information detecting unit according to first embodiment]

[0288] The subject information detecting unit F1 according to the first embodiment of the present invention includes
a closed spatial structure of a cavity F13 after mounted such that the opening F12 comes into contact with the skin of
the finger F91. The first sensor F21 can detect pulsating signals in a blood vessel in the finger F91 through the opening
F12 as pressure information propagating through the cavity F13, even if the first sensor F21 is not immediately above
a capillary or a blood vessel. The subject information detecting unit F1 can be provided without a requirement for an
exact positional relationship between the first sensor F21 and a blood vessel.

[0289] This subject information detecting unit F1 limits the diameter of the opening F12 to a predetermined size,
thereby limiting the range of pressure information received by the opening F12. This, in turn, limits the detectable range
of the pressure sensor of the subject information processing device F1. Such limitation provides the subject information
detecting unit F1 having a higher directivity (or spatial resolution) than sensing with a sensor, such as a piezoelectric
element or a microphone, in an open state.

[0290] Detection of pulsating signals near the blood vessel utilizing the high directivity of the subject information
detecting unit F1 can improve the signal-to-noise ratio and the sensitivity of a pulsating signal.

[0291] If the contact portion F25 of the body section F11 is the skin at a position corresponding to the finger joint,
pulsation can be detected from the finger joint where an artery runs. The pulse signals, which originate from the pulsation
of the blood vessel itself, are relatively larger and more stable than those from a capillary, which are acquired when a
sensor is put into contact with the ball of a fingertip.

[II-2. Description of first variation of first embodiment>>
[II-2-1. Subject information detecting unit according to first variation of first embodiment]

[0292] An exemplary finger-mounted subject information detecting unit F2 according to a first variation of the first
embodiment of the present invention is shown in Figs. 28(a) and 28(b). An exemplary first variation of the first embodiment
will now be described.

[0293] A subject information detecting unit according to the first variation of the first embodiment has the same con-
figuration as that of the first embodiment, other than several components. The same reference numerals are assigned
to the same or similar components as those of the above-mentioned subject information detecting unit without redundant
description.

<Configuration of subject information detecting unit>
[0294] As shown in Figs. 28(a) and 28(b), an exemplary subject information detecting unit F2 according to the first

variation of the first embodiment of the present invention includes a body F31 and a first sensor F21.
[0295] The body F31 of the subject information detecting unit F2 according to the first variation of the first embodiment
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includes a contact portion with the skin F92 of the subject when the subject information detecting unit F2 is mounted on
the finger F91 of the subject. The body F31 is a mountable member on the finger F91. The body F31 further includes a
cavity F13 that has an opening F12 at the contact portion F25 with the skin of the finger when the subject information
detecting unit F2 is mounted on the finger F91. The cavity F13 having a closed spatial structure in a state where the
subject information detecting unit F2 is mounted on the finger F91 such that the opening F12 is in contact with the skin
of the finger.

[0296] The body F31 includes a finger mount F32 in the shape of a cylindrical finger cot, composed of an elastic
member and mounted on the finger F91; a first sensor mount F15, disposed to face the skin of the finger in the body
F31 and having the first sensor F21 mounted in a cavity F13; and a U-shaped structure F33. The finger mount F32, the
first sensor mount F15, and the U-shaped structure F33 are connected with each other. The subject information detecting
unit F2 is affixed on the finger F91 as follows: The finger F91 is inserted into the ring of the finger mount F32; and the
finger F91, the U-shaped structure F33, and the first sensor F21 therebetween are tightened together by the finger mount
F32.

[0297] The finger mount F32 in the shape of a cylindrical finger cot is a ring band composed of an elastic material,
such as silicone rubber. Examples of such finger mount include a finger cot composed of silicone rubber for turning over
sheets of paper. A finger mount F32 may be composed of any material or in any shape or size that can mount the subject
information detecting unit F2 on the finger F91. The finger mount F32 that provides pressing force suitable for the polarity
of a signal is preferred. The finger mount F32 in the shape of a cylindrical finger cot is preferably provided in multiple
sizes and replaced in accordance with the size of the subject. A size, once determined, may be used for the same subject
for a long time.

[0298] As shown in Fig. 28(a), the first sensor mount F15 of the subject information detecting unit F2 includes a ring
member F16 and a cap member F17. The ring member F16 defines a closed cavity after one opening F12 comes into
contact with the skin of the finger F91. The cap member F17 disposed to cover the opening opposite to the contact
portion, with the skin, of the ring member F16. The first sensor F21 disposed on the surface of the cap member F17 in
the cavity F13 (surface on the side of subject’s finger). As shown in Fig. 28(b), the first sensor mount F15 of the subject
information detecting unit F2 may be a recess member F20. The recess member F20 includes the opening F12 and a
concave. The opening F12 is in contact with the skin of the finger when the first sensor mount F15 is mounted on the
finger F91. An inside of the concave is the cavity F13 in communication with the opening F12. The first sensor F21
disposed in the recess member F20.

[0299] The U-shaped structure F33 is attached to the cap member F17 or the recess member F20. More specifically,
either of the two parallel legs of the U-shaped structure F33 is attached to the surface of the cap member F17 on which
the first sensor F21 is not disposed, or the outer surface of the bottom of the recess member F20. A projection F34 is
disposed on the leg, in contact with the cap member F17, of the U-shaped structure. More specifically, the projection
F34 is disposed at one end of the surface opposite to the surface in contact with cap member F17 to prevent detachment
of the finger mount F32 from the U-shaped structure F33. Alternatively, the U-shaped structure F33 may be directly
attached to the ring member F16 of the first sensor mount F15 without the cap member F17, in which case the surface,
in contact with the ring member F 16, of the U-shaped structure F33 functions as a cap member.

[0300] A signal processor F23 is attached to either surface of the bottom of the U-shaped structure F33 that joins the
two parallel legs thereof.

[0301] A radio transmitter F22 is attached to the leg of the U-shaped structure F33 not in contact with the cap member
F17. More specifically, the radio transmitter F22 is disposed on the surface, opposite to the finger F91, of the leg, that
is, the external surface opposite to the contact portion F25 of the body F31. A battery F24 which supplies power to the
first sensor F21, the radio transmitter F22 and the signal processor is disposed on the surfaces of the leg, not in contact
with the cap member F17, of the U-shaped structure F33.

<Subject information detecting unit>

[0302] The subject information detecting unit F2 according to the first variation of the first embodiment of the present
invention, which is configured as described above, the cavity F13 defines a closed spatial structure (closed cavity) when
the opening F12 is put into close contact with a contact portion F93 of the finger F91 of the subject. In this configuration,
the first sensor F21 of the subject information detecting unit F1 receives pressure information deriving from pulsating
signals in a blood vessel of the finger F91 of the subject in the vicinity of a mounting portion of the subject information
detecting unit F2 to detect the pulsating signals in the blood vessel in the subject. The radio transmitter F22 can externally
send signals deriving from the pulsating signals.

[I-2-2. Operation of subject information detecting unit according to first variation of first embodiment]

[0303] An exemplary operation of the subject information detecting unit F2 according to the first variation of the first

35



10

15

20

25

30

35

40

45

50

55

EP 2 881 035 A1

embodiment of the present invention will now be described.

[0304] The first sensor mount F15 is disposed such that the first joint F94 on the ball of the finger F91 of the subject
comes into contact with the opening F12 of the ring member F16. The finger mount F32 in the shape of a cylindrical
finger cot is used to mount the subject information detecting unit F2 on the finger F91 of the subject. In this configuration,
the first sensor F21 of the subject information detecting unit F2 detects pulsating signals. The detected pulsating signals
are processed in the signal processor F23 and sent to the exterior through the radio transmitter F22.

[0305] If a polarity detecting means F18 of the signal processor F23 detects polarity inversion, pressing force is varied
to an appropriate level by varying, for example, the material or size of the finger mount F32 in the shape of a cylindrical
finger cot in accordance with the subject before detecting pulsating signals.

[1I-2-3. Advantageous effect of subject information detecting unit according to first variation of first embodiment]

[0306] The subject information detecting unit F2 according to the first variation of the first embodiment also does not
require an exact positional relationship between the first sensor F21 and a blood vessel. The subjectinformation detecting
unit F2 has a high directivity (or spatial resolution). In addition, the subject information detecting unit F2, which detects
pulsating signals in the vicinity of a blood vessel utilizing its high directivity, can has an improved signal-to-noise ratio
and high sensitivity of pulsating signals. If the contact portion F25 with the skin of the finger at the opening F12 of the
body F31 is the skin at a position corresponding to the finger joint, pulsation can be detected from a blood vessel around
the joint. This ensures that the resulting pulse waves are intense and more stable than those from a capillary, which are
acquired by putting a sensor into contact with the ball of a fingertip.

[0307] The finger mount F32 of the subject information detecting unit F2 according to the first variation of the first
embodiment can be readily replaced since the finger mount F32 is in the shape of a cylindrical finger cot. The finger
mount F32, if composed of silicon rubber, would be supplied at a low price and thus can be used in a disposable manner,
which is desirable from a sanitary perspective.

[0308] The subject information detecting unit F2 according to the first variation of the first embodiment, which has the
radio transmitter disposed at the farthest position from the subject, can prevent a reduction in transmission distance of
radio waves from the radio transmitter.

[1I-3. Description of second embodiment»
[II-3-1. Exemplary configuration of subject information detecting unit]

[0309] The subject information detecting unit F5 of the finger-mounted subject information detecting unit according to
the second embodiment has a configuration similar to that of the subject information detecting unit F1 according to the
first embodiment, other than several components. The same reference numerals are assigned to the same or similar
components as that of the above-mentioned subject information detecting unit F1 without redundant description.

<Configuration of subject information detecting unit>

[0310] With reference to Figs. 29(a) and 29(b), an exemplary subject information detecting unit F5 according to the
second embodiment of the present invention includes a body F61, a first sensor F21, a light source F63, and a second
sensor F62.

(Body)

[0311] The body F61 includes a contact portion, which is a portion that comes into contact with a skin F92 of the
subject when the subject information detecting unit F5 is mounted on a finger F91 of the subject. The body F61 is a
mountable member on the finger F91. The body F61 further has a cavity F13 that has an opening F12 in the contact
portion F25 with the skin of the finger when the subject information detecting unit F5 is mounted on the finger F91. The
cavity F13 having a closed spatial structure in a state where the subject information detecting unit F5 is mounted on the
finger F91 such that the opening F12 is in contact with the skin of the finger.

[0312] The body F61 further includes a finger mount F64 to be mounted on the finger F91; a first sensor mount F15
provided at a position facing the skin of the finger on the body F61, the first sensor F21 being attached to the first sensor
mount so as to exist inside the cavity F13; a light source mount F66 that mounts thereon the light source F63 on a portion
facing one of the ball and back of the finger on the body F61; and a second sensor mount F65 that mounts thereon the
second sensor F62 on a portion facing the other of the ball and back of the finger. The finger mount F64, the first sensor
mount F15, the light source mount, the second sensor mount F65 are preferably connected with each other.

[0313] The finger mount F64 is, for example, composed of an elastic material and has a cylindrical hole inside. The
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hole has a size and depth capable of accommodating the finger F91 at least up to the first finger joint. The elastic finger
mount F64 tightens the finger F91 when the finger F91 is inserted into the hole, thereby fixing the subject information
detecting unit F5 on the finger F91.

[0314] Alternatively, the finger mount F64 may have a clip structure that includes, for example, a pair of flat members
capable of sandwiching the ball and back of the finger F91 and an elastic member connecting the flat members. The
finger mount F64 utilizes the elasticity of the elastic member to dispose the finger F91 between the pair of the flat
members, thereby fixing the subject information detecting unit F5 on the finger F91.

[0315] As shown in Fig. 29(a), the first sensor mount F15 of the subject information detecting unit F5 may include a
ring member F16 and a cap member F17. The ring member F16 forms a cavity F13 inside when one opening F12 is in
contact with the skin of the finger. The cap member F17 can block the other opening of the ring member F16 such that
the first sensor F21 can be disposed in the cavity F13. The first sensor F21 may be disposed on the ring member F16
or the cap member F17. Alternatively, the first sensor mount F15 of the subject information detecting unit F5, as shown
in Fig. 29(b), may be a recess member F20. The recess member F20 has an opening F12 and a concave. The opening
F12 is in contact with the skin of the finger when the first sensor mount F15 is mounted on the finger. An inside of the
concave is the cavity F13 in communication with the opening F12. The first sensor F21 may be disposed in the recess
member F20.

[0316] The first sensor F21 of the subject information detecting unit F5 is preferably detects pulsating signals in a
blood vessel in the finger F91, the pulsating signals being acquired through the skin at a position corresponding to the
first finger joint of the finger, the pulsating signals being detected in the form of pressure information deriving from the
pulsating signals and propagating through the cavity F13. The light source F63 preferably emits optical signals capable
of passing through a fingertip of the finger, so that second sensor F62 can detects information on oxygen saturation in
a blood vessel from the optical signal passing through the fingertip of the finger.

(Light source)

[0317] Thelight source F63 is disposed on the light source mount F66 mounted on the body F61 to generate an optical
signal that can pass through the finger F91. The light source F63 is preferably a light source that provides optical signals
intermittently, such as a laser diode or a light emitting diode (LED).

[0318] In order to detect information on oxygen saturation in a blood vessel, the light source F63 preferably emits light
having a first wavelength, which is readily absorbed by hemoglobin that has released oxygen (reduced hemoglobin);
and light having a second wavelength, which is readily absorbed by hemoglobin combined with oxygen (oxygenated
hemoglobin), since the wavelength of light absorbed depends on the state of the hemoglobin associated with or released
from oxygen in the blood. The light having the first wavelength and the light having the second wavelength may be
emitted from two light sources, a first light source F76 and a second light source F77. The wavelength of light from the
first light source F76 (the first wavelength) is, for example, 650 nm and the wavelength of light from the second light
source F77 (light having the second wavelength) is, for example, 940 nm.

(Second sensor)

[0319] The second sensor F62, which is disposed in the second sensor mount F65 mounted on the body F61, receives
an optical signal from the light source F63 passing through the finger F91 (transmitted light) to detect information on
oxygen saturation in a blood vessel. The second sensor F62 is preferably a light sensor capable of receiving certain
light, for example, a photo-sensitive element or photo detector. A photo diode, for example, a PIN photo diode and a
PN junction photo-diode, can be used.

[0320] In order to detect information on oxygen saturation in a blood vessel, the second sensor F62, like the light
source F63, preferably detects the light having the first wavelength and the light having the second wavelength, since
the wavelength of light absorbed depends on the state of the hemoglobin associated with or released from oxygen in
the blood. The second sensor F62 may include two sensors that can detect the light having the first wavelength and the
light having the second wavelength. For a combination of a first wavelength of 650 nm and a second wavelength of 940
nm, a single sensor may be used for detection because of the proximity of the wavelengths.

(Signal processor)

[0321] The subject information detecting unit F5 preferably includes a signal processor F23 (see Fig. 27), which is an
electric circuit that processes pressure information deriving from the pulsating signals detected by the first sensor F21.
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(Light emission controller)

[0322] Itis known that the intensity of the incident light from the light source F63 is affected by pulsation of pulse waves
from an artery while the light passes through the finger, so that the intensity of the transparent light is affected by pulse
waves. To cope with this problem, an attempt is made to alleviate the effect of the pulse waves when oxygen saturation
is calculated from the optical signals detected by the second sensor F62, such as averaging of several oxygen saturations
calculated.

[0323] Utilizing the stable detection of pulse waves by the he first sensor F21, the subject information detecting unit
F55 according to the second embodiment of the present invention preferably includes a light emission controller, which
is an electric circuit that processes the pulse wave detected by the first sensor F21 at the timing, as shown in Fig. 30,
to calculate oxygen saturation.

[0324] Reduced hemoglobin (Hb) absorbs much light of a near-red wavelength, while oxygenated hemoglobin (HbO,)
absorbs much light of a near-infrared wavelength. Let the output of the transmitted light having the first wavelength (1 1)
detected by the second sensor F62 be "A(A1)", and the output of the transmitted light having the second wavelength
(12) be "A(A2)" and the first wavelength be, for example, 650 nm and the second wavelength be, for example, 940 nm.
The ratio of the reduced hemoglobin to the oxygenated hemoglobin in the blood can be calculated from the ratio of
transmitted light "A(A1)" to transmitted light "A(A2)". This ratio is further used to calculate a rate of hemoglobin combined
with oxygen in the blood (oxygen saturation).

[0325] As shown in Fig. 31, the light emission controller includes a differentiating circuit F141, a frequency-phase
comparator F142, a low-pass filter F143, a voltage-controlled oscillator (VCO) F144, a 1/1024 frequency divider F145,
a decode circuit (Decode) F146, a 11 light source driver F147, a A1 light source F148 functioning as the first light source,
a A2 light source driver F149, a A2 light source F150 functioning as the second light source, a current/voltage converter
F151, a light detecting unit F152 functioning as the second sensor, an AD converter F153 having sample-hold circuits
for two channels (hereinafter referred to as "2ch"), and a calculator F156. The frequency-phase comparator F142, the
low-pass filter F143, the VCO F144, and the frequency divider F145 define a phase-locked loop (hereinafter referred to
as "PLL").

[0326] The differentiating circuit F141 differentiates a received volume pulse wave at the frequency of a pulse wave
(1 Hz) to acquire a speed pulse wave.

[0327] With reference to Figs. 30(a) to 30(g), Fig. 30(a) illustrates a volume pulse wave detected by the first sensor.
Fig. 30(b) illustrates a speed pulse wave detected by the first sensor. The volume pulse wave in Fig. 30(a) is processed
with the differentiating circuit F141 to acquire a speed pulse wave as shown in Fig. 30(b). Since the speed pulse wave
has clearer peaks than a volume pulse wave, a PLL phase can be readily determined. If a pulse wave detected by the
first sensor is a volume pulse wave, the volume pulse wave is preferably processed with the differentiating circuit F141
to acquire a speed pulse wave and then the acquired speed pulse wave is processed in the PLL including the frequency-
phase comparator F142. If the first sensor is a MEMS-ECM, a speed pulse wave as shown in Fig. 30(b) is acquired, in
which case the speed pulse wave may be directly sent to the PLL without processing in the differentiating circuit F141.
[0328] In the PLL, the frequency-phase comparator F142 receives a pulse wave signal, detects rising edges of the
received signal, determines the interval between a rising edge and the next rising edge as one cycle, and sends output
to the low-pass filter F143. The low-pass filter F143 receives the output from the frequency-phase comparator F142,
and outputs a resulting signal to the VCOF 144 to adjust the oscillating frequency thereof. The 1/1024 frequency divider
F145 divides the one cycle of the pulse wave signal into 1024 time periods and outputs a total of 1024 counts from
counts 0 to 1023 to the Decode F146 during the one cycle, and returns the divided signal to the frequency-phase
comparator F142 for phase synchronization with the pulse wave signal received by the frequency-phase comparator
F142. Accordingly, the PLL can output 1024 counts obtained by dividing one cycle of the received pulse wave signal
into 1024 time periods to the Decode F146.

[0329] The Decode F146 outputs a signal to the A1 light source driver F147, the A2 light source driver F149, and the
AD converter F153 having sample-hold circuits for two channels, in response to the counter output from the frequency
divider.

[0330] "Having sample-hold circuits for two channels" means that the AD converter F153 includes sample-hold circuits
that perform sample-holding. In other words, the AD converter F153 having sample-hold circuits for two channels includes
AD converters for two channels, each converter including a sample-hold circuit and corresponding to one channel.
[0331] When the counter received from the frequency divider indicates a certain number, for example, when a 10-bit
counter indicates 800 (also referred to as "clock counts up to 800"), the Decode F146 outputs an ON signal, for example,
"1", to the A1 light source driver F147 to turn on the A1 light source F148. When the clock counts up to 801, the Decode
F146 outputs an ON signal, for example, "1", to the A2 light source driver F149 to turn on the A2 light source F150. When
the clock counts up to 801, the Decode F146 directs the AD converter F153 having sample-hold circuits for two channels
to sample-hold a signal from the current/voltage converter F151 to convert it into a digital signal in either one channel.
When the clock counts up to 802, the Decode F146 directs the AD converter F153 having sample-hold circuits for two
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channels to sample-hold a signal from the current/voltage converter F151 to convert itinto a digital signal in other channel.
[0332] The current/voltage converter F151 converts a current signal detected in the light detecting unit F152 into a
voltage signal when the clock counts up to 800 or 801.

[0333] As shown in Figs. 30(a) to 30(g), the A1 light source F148 emits light having a wavelength of 1 (Fig. 30(c)),
depending on the signal from the Decode F146 when the clock counts up to 800; and the A2 light source F150 emits
light having a wavelength of A2 (Fig. 30(d)) when the clock counts up to 801. In response to an optical signal from the
A1 light source F148 and the A2 light source F150, the light detecting unit F152 detects the transmitted light from the
clock count of 800 to 802 (Fig. 30(e)). The signal from the light detecting unit F152 is output to the current/voltage
converter F151 for conversion of the signal into a voltage signal. The voltage signal is output to the AD converter F153
having sample-hold circuits for two channels as an amount of transmitted light having a wavelength of A1 or A2. A signal
from the current/voltage converter F151, which is sampled at a high level or held at a low level at the clock count of 801,
undergoes signal conversion in one channel of the AD converter F153 having sample-hold circuits for two channels,
and is output as a A1 value, which is the output A(L1) of the transmitted light having the first wavelength A1 from the A1
light source (Fig. 30(f)). Meanwhile, a signal from the current/voltage converter F151, which is sampled at a high level
or held at a low level at the clock count of 802, undergoes signal conversion in the other channel of the AD converter
F153 having sample-hold circuits for two channels, and is output as a A2 value, which is the output A(A2) of the transmitted
light having the second wavelength A2 from the A2 second source (Fig. 30(g)). The A1 and A2 values are output to the
calculator F156 for calculation of oxygen saturation based on the ratio of the A1 to the A2.

[0334] In the above description, exemplary generation of optical signals from the light sources, receipt of the optical
signals from the light sources, and sampling of the signals in the second sensor F62 are described at the timing of the
counter output of 800. Such processing may be performed at any timing that can avoid the effect of pulsation from a
pulse wave. Pulsation significantly affects the calculation of oxygen saturation immediately after a peak of a speed pulse
wave. Thus, signal processing is preferably performed at timing with a reduced variation in a speed pulse wave and at
the same phase between a peak and the next peak during one cycle.

[0335] In the above description, one cycle between a peak and the next peak is divided into 1024 time periods.
Alternatively, one cycle may be divided into any number of time periods for signal processing by adjusting the frequency
divider F145.

[0336] The above signal processing in the light emission controller allows bloodstream (pulse waves) to be sampled
at the same phase, thereby alleviating the effect of a pulse wave on the calculation of oxygen saturation. Generation of
a timing signal based on a pulsating signal detected by the first sensor F21 and control of the timing of emitting an optical
signal from a light source, timing of sampling in the second sensor F62 and timing of signal processing can alleviate the
effect of pulse waves on the calculation of oxygen saturation.

[0337] Theoxygensaturation calculated in the light emission controller may be sent externally from the radio transmitter
F22.

<Subject information detecting unit>

[0338] The subject information detecting unit F5 according to the second embodiment of the present invention, which
is configured as described above, the cavity F13 can defines a closed spatial structure (closed cavity) when the opening
F12 is put into close contact with the contact portion F93 in the finger F91 of the subject. In this configuration, the first
sensor F21 of the subject information detecting unit F5 receives pressure information deriving from pulsating signals in
a blood vessel in the vicinity of the mounting portion of the subject information detecting unit F5 on the finger F91 of the
subject to detect the pulsating signals in the blood vessel in the subject.

[0339] The subjectinformation detecting unit F5 according to the second embodiment of the present invention includes
a light source F63 that generates an optical signal capable of passing through the finger F91; and a second sensor F62
that receives the optical signal, passing through a finger F91, from the light source F63 to detect information on oxygen
saturation in a blood vessel. This allows detection of pulsating signals and measurement of oxygen saturation at the
same time.

<Mounting position of subject information detecting unit>

[0340] As a preferred mounting position on the subject of the subject information detecting unit F5 according to the
second embodiment, the contact portion F25 with the skin of the finger F91 of the first sensor mount F15 of the body
F11 is a position that is in contact with the skin at a position corresponding to the joint of the finger F91, from a perspective
of the position of a blood vessel and detection of pulse waves, like the subject information detecting unit F1 according
to the first embodiment. In particular, a position contacting with the skin at a position corresponding to the first joint F94
of the finger F91 is preferred in view of mountability.

[0341] If the contact portion F25 of the subject information detecting unit F5 is the position that is in contact with the
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skin at a position corresponding to the finger joint, at least the edge of the opening F12 of the subject information detecting
unit F5, that is, the end of the opening F12 of the elastic ring member of the first sensor mount F15, or the end of the
opening F12 of the recess member is preferably contacting at the knuckle of the finger joint. More preferably, the opening
F12 of the subject information detecting unit F5 is positioned above the knuckle of the finger joint.

[0342] Preferred mounting positions of the light source F63 and the second sensor F62 of the subject information
detecting unit F5 according to the second embodiment on the subject are a fingertip since optical signals from the light
source F63 can readily pass through the finger and the second sensor F62 can readily receive the optical signals from
the light source F63. Preferably, the light source F63 emits optical signals that can pass through a fingertip, and the
second sensor F62 can detect information on oxygen saturation in a blood vessel from the optical signal passing through
the fingertip. More preferably, the light source F63 and the second sensor F62 are positioned at the nail F95 on the back
of a finger, or on the ball F96 in the fingertip such that the light source F63 and the second sensor F62 face each other.
Preferably, the light source F63 is positioned on the ball F96 at a fingertip and the second sensor F62 is positioned at
the nail F95 on the back of the finger such that the finger F91 is disposed between the light source F63 and the second
sensor F62 facing each other, and the second sensor F62 is disposed in a direction of an optical signal emitted from
the light source F63.

[1I-3-2. Operation of subject information detecting unit according to second embodiment]

[0343] An exemplary operation of the subject information detecting unit F5 according to the second embodiment of
the present invention will now be described.

[0344] The subject information detecting unit F5 is mounted on the finger F91 as follows: The first sensor mount F15
is disposed such that the first joint F94 on the ball of the finger F91 of the subject comes into contact with the opening
F12 of ring member F16. The second sensor mount F65 is positioned at the nail F95, and the light source mount F66
is positioned on the ball F96 at the fingertip such that the finger F91 is disposed between the second sensor F62 and
the light source F63. Finally, the finger F91 is inserted into the finger mount F64 to affix the subject information detecting
unit F5. In this configuration, the first sensor F21 of the subject information detecting unit F5 detects pulsating signals.
The light source F63 emits optical signals capable of passing through the finger. The second sensor F62 receives the
optical signals from the light source F63 to detect information on oxygen saturation in a blood vessel.

[1I-3-3. Advantageous effect of subject information detecting unit according to second embodiment]

[0345] The subject information detecting unit F5 according to the second embodiment of the present invention, like
the first embodiment, does not require an exact positional relationship between the first sensor F21 and a blood vessel.
The subject information detecting unit F5 has a high directivity (or spatial resolution). In addition, the subject information
detecting unit F5, which detects pulsating signals in the vicinity of a blood vessel utilizing its high directivity, can has an
improved signal-to-noise ratio and high sensitivity of pulsating signals. If the contact portion F25 with the skin of the
finger at the opening F12 of the body F61 is the skin at a position corresponding to the finger joint, pulsation can be
detected from a blood vessel around the joint. This ensures that the resulting pulse waves are intense and more stable
than those from a capillary, which are acquired by putting a sensor into contact with the ball of a fingertip.

[0346] The subject information detecting unit F5 according to the second embodiment of the present invention, which
includes the body F61, the first sensor, the light source F63, and the second sensor F62, allows the first sensor to acquire
pulse waves, and the light source F63 and the second sensor F62 to determine oxygen saturation.

[II-3. Additional features]
(Use of multiple first sensors)

[0347] In the description of the embodiment, a single first sensor is used to detect pulsating signals. Such a single
sensor disposed on the ball of a finger at a fingertip can detect pulse waves 180 degrees around the sensor, except for
the back of the finger at the fingertip. For example, as shown in Fig. 32, a body F51 includes a cavity F55 into which the
finger F91 is inserted, a cylindrical finger mount F52, and the first sensor mounts F15a to F15c¢ disposed at a position
F212 corresponding to the ball of the finger, and positions F212, F214 corresponding to the sides of the finger, the
positions F212, F213, F214 being inside the finger mount F52. The first sensors F21a to F21c are disposed in the first
sensor mounts F15a to F15¢c. No sensor is disposed at a position F211 corresponding to the back of the finger when
the finger F91 is inserted. The first sensor mounts F15a to F15c each define a closed spatial structure when a cavity
having an opening is put into contact with the skin. Such configuration allows a highly reliable pulsating signal to be
generated by averaging the signals acquired by the first sensors F15a to F15c¢ or by selecting the most desired signal.
[0348] Alternatively, five first sensors may be attached to all the fingers to increase reliability through, for example,
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majority voting. In this case, such signals are preferably processed in the signal processor disposed between the first
sensors and the radio transmitter.

(Mounting of subject information detecting unit)

[0349] In order to ensure that the opening comes into contact with the position corresponding to the first joint of a
finger of the subject when mounting the subject information detecting unit on the finger, the body, in particular, the finger
mount is preferably composed of a transparent material. Alternatively, guidance light is emitted from the body to the
finger of the subject so that the subject knows the portion facing the first sensor mount.

[0350] Suitable mounting positions of the first sensor mount, the second sensor mount, and the light source may
depend on the thickness, length or width of a finger of the subject. Although the subject information detecting unit
according to the present invention does not always require optimal mounting positions for measurement, it is preferred
that several bodies having different relative positions between the first sensor mount, the second sensor mount, and the
light source and having different sizes be prepared so that the most suitable one can be selected in accordance with
the size of a finger of the subject. Alternatively, the first sensor mount, the second sensor mount, and the light source
may be provided in the body in a movable manner so that the relative positions therebetween can be varied.

(Relationship with respiration signal)

[0351] Extraction of the respiration signals from pulsating signals allows measurement of pulse waves by a pressure
sensor to be combined with optical measurement of oxygen saturation. This is very effective to detect, for example,
apnea syndrome, for which measurement of three elements: pulse waves, respiration, and oxygen saturation is crucially
important.

(Processing of pulsating signals)

[0352] The pulsating signals detected by the finger-mounted subject information detecting unit F1 according to the
present invention may undergo the signal processing described in connection with the subject information detecting unit
including a film member and subject information processing device according to the first aspect of the present invention;
the subject information detecting device and subject information processing device which are mountable on an external
ear according to the fourth aspect of the present invention; the subject information processing device that performs
subtraction according to the fifth aspect of the presentinvention; or the subject information processing device that extracts
respiration signals according to the sixth aspect of the present invention. For example, a pulsating signal detected by
the subjectinformation detecting unit F1 may undergo frequency correction to retrieve one signal among pulsatile volume,
speed and acceleration signals. Alternatively, a pulsating signal detected by the subject information detecting unit F1
may undergo frequency demodulation to extract a respiration signal contained in the pulsating signal as a modulated
component.

[lI. Hand-grippable subject information detecting unit]

[0353] Theembodiments ofthe subjectinformation detecting unithaving an outer shape grippable with a hand according
to the third aspect of the present invention will now be described. The third aspect of the present invention is referred
to as the present invention in this embodiment.

[0354] Withreference to drawings, the embodiments of the hand-grippable subject information detecting unit according
to the present invention will now be described. The present invention should not be limited to these embodiments, and
any modification may be made without departing from the scope of the invention.

[11I-1. Description of first embodiment»

[l1-1-1. Exemplary configuration of subject information detecting unit according to first embodiment]

[0355] The exemplary configurations of the hand-grippable subject information detecting units G1, G3, G8, and G9
according to a first embodiment of the present invention will now be described.

<Configuration of subject information detecting unit>

[0356] As shown in Figs. 33(a) and 34(a), an exemplary subject information detecting unit G1, G8 according to the
first embodiment of the present invention includes a cylindrical chassis G11 and a first sensor G14. Alternatively, as
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shown in Figs. 33(b) and 34(b), an exemplary subject information detecting unit G3, G9 according to the first embodiment
of the present invention includes an oval chassis G21 and a first sensor G14.

[0357] As shown in Figs. 33(a) and 33(b), the chassis G11 and G21 of the subject information detecting unit G1, G3
according to the first embodiment of the present invention preferably formed a first opening G12, a first cavity G13, and
disposed a pressure-sensitive element G24 functioning as the first sensor G14. As shown in Figs. 34(a) and 34(b), the
chassis G11 and G21 of the subject information detecting units G8 and G9 according to the first embodiment of the
present invention preferably disposed a first light source G17, an optical transmitter G23, and a photo-sensitive element
G18 functioning as the first sensor G14.

[0358] As shown in Figs. 33(a), 33(b), 34(a), and 34(b), the subject information detecting unit G1, G3, G8,and G9
according to the first embodiment of the present invention preferably includes a guide groove G15 on the outer wall of
the chassis G11 and G21. Each of the chassis G11 and G21 preferably includes a grip strength sensor G16.

[0359] Each of the chassis G11 and G21 preferably includes a signal processor G101 that processes signals detected
by the first sensor G14 and the grip strength sensor G16 (Fig. 35, Fig. 36).

[0360] The chassis of the subject information detecting unit according to this embodiment is held by a left hand.
Alternatively, the guide groove G15 shown in Figs. 33(a), 33(b), 34(a), and 34(b) may have a left-right reversal shape,
so that it can be gripped with a right hand.

[0361] The grip of the chassis with a hand according to the present invention refers to the action of holding and retaining
the chassis with the five fingers of the hand such that the thumb, the forefinger, the middle finger, the fourth finger, and
the fifth finger are placed as if they form a circular arc and hold such as wrapping the chassis. More specifically, the
forefinger, the middle finger, the fourth finger, and fifth finger are placed in substantially the same direction and bent
such that the fingers form a circular arc along the shape of the chassis. The thumb is placed at a position opposite to
the remaining four fingers and bent along the shape of the chassis.

[0362] The configurations of individual components of the subject information detecting units G1, G3, G8, and G9
according to the first embodiment of the present invention will now be described.

(Chassis)

[0363] The chassis G11 and G21 each have an outer shape a subject can gripped with a hand and function as a
housing of the subject information detecting unit G1, G3, G8, or G9. As shown in Figs. 33(a) and 33(b), the chassis G11
and G21 each formed the first opening G12, the first cavity G13, and disposed the pressure-sensitive element G24
functioning as the first sensor G14. As shown in Figs. 34(a) and 34(b), the chassis G11 and G21 each include a first
light source G17, an optical transmitter G23, and a photo-sensitive element G18 functioning as the first sensor G14.
[0364] The chassis G11 may have any shape and size grippable with a hand. Preferably, the chassis G11 of the
subject information detecting unit is a cylindrical or oval member, which can be readily gripped and can readily retain
the chassis. More specifically, as shown in Figs. 33(a) and 34(a), the chassis G11 of the subject information detecting
units G1 and G8 are cylindrical. The cylindrical chassis G11 is provided with the first opening G12, the first cavity G13,
and the pressure-sensitive element G24 functioning as the first sensor G14 on the side thereof. Alternatively, the cylindrical
chassis G11 may be provided with the first light source G17, the optical transmitter G23, and the photo-sensitive element
G18 functioning as the first sensor G14 on the side thereof. In such configuration, the chassis G11 is held by a hand
such that fingers are placed along the circumferential surface. Alternatively, as shown in Figs. 33(b) and 34(b), the
chassis G21 of the subject information detecting units G3 and G9 is oval. The oval chassis G21 is provided with a first
opening G12, a first cavity G13, and a pressure-sensitive element G24 functioning as the first sensor G14 along the
circumference of the oval member near the middle of the longitudinal direction thereof. The circumference has a large
curvature radius and thus is a gentle curve (hereinafter just referred to as "near the center"). Alternatively, the oval
chassis G21 may be provided with a first light source G17, an optical transmitter G23, and a photo-sensitive element
G18 functioning as the first sensor G14. In such a configuration, the chassis G21 is held by a hand such that fingers are
placed along the circumference of the oval member near the center of the longitudinal direction thereof. Alternatively,
the chassis of the subject information detecting unit may be a rectangular cylindrical member.

[0365] The chassis G11 and G21 preferably have a size slightly larger than that can be cupped with a hand when
gripped. For a cylindrical chassis G11, the circumference of the cylinder is preferably a slightly longer than the length
of the arc defined by the thumb and one of the forefinger, the middle finger, the fourth finger, and the fifth finger placed
along the circumference to grip the chassis G11 with the hand. For an oval chassis G21, the circumference of the oval
member near the center of the longitudinal direction thereof is a slightly longer than the length of the arc formed by the
thumb and one of the forefinger, the middle finger, the fourth finger, and the fifth finger placed along the circumference
to grip the chassis G21.

[0366] Alternatively, the chassis G11 and G21 may be hollow or solid members having shapes grippable with subject’s
hand or may be unprocessed.

[0367] The cylindrical or oval chassis G11 or G21 of the subject information detecting units G1, G3, G8, and G9
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according to the first embodiment of the present invention allows a subject to grip the chassis with a hand naturally.
(First opening)

[0368] As shown in Figs. 37(a) and 37(b), the first opening G12 is formed at a portion facing the finger G91 of a hand
gripping the chassis G11 or G21, and is a position that is in contact with the finger G91 of the hand gripping the chassis
G11 or G21 of each of the subject information detecting units G1 and G3. The first opening G12 is preferably provided
in the guide groove G15 and in communication with the first cavity G13.

[0369] The first opening G12 is preferably formed at a portion facing the ball G92 of the finger G91 and is the position
coming into contact with the ball G92 of the finger G91 when the chassis G11 or G21 is gripped with a hand. The first
opening G12 is preferably formed at a position contacting with the skin at a position corresponding to a joint of the finger
G91 of the hand. More preferably, the first opening G12 is formed at a position contacting with the skin at a position
corresponding to the first joint of the finger G91 of the hand.

[0370] The relationship between the diameter of the opening 112 in the first opening G12 of each of the subject
information detecting units G1 and G3 according to this embodiment and the signal strength is similar to that of the
subject information detecting unit I1 and the subject information processing device I3, described with reference to Fig. 3.
[0371] A significantly large diameter of the first opening G12, for example, a diameter exceeding 10 mm leads to a
bulge of the surface tissue, such as skin or fat, of the finger of the subject to cause it to get into the first cavity G13,
which may interfere with the pressure-sensitive element G24 functioning as the first sensor G14 when the subject
information detecting unit G1 or G3 is mounted on the finger G91 of the subject. A significantly large diameter of the first
opening G12 may prevent the first cavity G13 from defining a closed cavity when the subject information detecting unit
G1 or G3 is mounted on the finger G91 of the subject such that it is put into tight contact with a three-dimensional shape
of the finger G91 of the subject. At a constant height of the first cavity G13, as the diameter of the first opening G12 of
the first cavity G13 increases, the volume of the first cavity G13 increases. At a constant strength of pulsating signals,
as the volume of the first cavity G13 increases, the attenuation of vibrations originating from pulsating signals in a blood
vessel also increases, which tendency may reduce the strength of a signal detected by the pressure-sensitive element
G24 functioning as the first sensor G14. A significantly large diameter of the first opening G12 allows the subject infor-
mation detecting unit G1 or G3 to detect pulsating signals in the blood vessel even if the detecting unit is not disposed
immediately above the blood vessel, which dislocation may reduce the directivity of the pressure-sensitive element G24
functioning as the first sensor G14.

[0372] For these reasons, the diameter of the first opening G12 ranges from normally 3 mm or more, preferably, 4
mm or more, more preferably, 6 mm or more to normally 10 mm or less, preferably 8 mm or less. The lower limit of the
diameter of the first opening G12 is preferably above the value of the lower limit of the above range. A diameter above
the lower limitincreases the gain of the detected pulsating signals and facilitates a close contact of the first opening G12
at a position where vibrations from the blood vessel can be readily detected when the subject information detecting unit
is mounted on the finger G91 of a subject. The upper limit of the diameter of the first opening G12 is preferably within
the above range. A diameter falling below the value of the upper limit of the above range. Since it reduces the effect of
the subject in the first opening G12 and prevents a reduction in sensitivity along with an increase in the volume of the
first cavity G13 and thus facilitates the pressure-sensitive element G24 functioning as the first sensor G14 to retain high
directivity.

[0373] For the subject information detecting unit G1 or G3 according to the present invention mounted on the finger
G91 of the subject to detect pulsation signals in a blood vessel in the finger G91, the diameter of the first opening G12
preferably ranges from one half to three quarters of the finger span in order for the cavity G13 to define a closed cavity
to detect pulsating signals at high sensitivity.

(First cavity)

[0374] As shown in Figs. 37(a) and 37(b), the first cavity G13, which is in communication with the first opening G12
and disposed in the chassis G11 or G21, defines a closed spatial structure when the chassis G11 or G21 is gripped with
a hand such that the first opening G12 faces the ball G92 of the finger G91. The closed spatial structure defined by the
first cavity G13 is also referred to as a "closed cavity". The first cavity G13 is provided with a pressure-sensitive element
G24 functioning as the first sensor G14.

(First light source)
[0375] As shown in Figs. 34(a) and 34(b), the first light source G17, which is disposed in the chassis G11 or G21,

emits optical signals towards the fingers of the hand gripping the chassis G11 or G21. The first light source G17 is
preferably provides optical signals intermittently, for example, a laser diode or a light emitting diode (LED). Light from
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the first light source has any wavelength that can detect pulsating signals as a photo interrupter. A preferred wavelength
is 940 nm, which can be readily available and is resistant to disturbance by natural light.

[0376] As shown in Fig. 38, the first light source G17 is provided inside the chassis G11 or G21 near the outer wall
so as to emit optical signals. The first light source G17 is preferably disposed such that an optical signal from the first
light source G17 is emitted not perpendicularly to the end face of the chassis G11 or G21, but at a predetermined angle.
This allows the optical signal emitted from the first light source G17 to pass through the an optical transmitter G23
(described below) and reflect on the finger G91 of the hand holding the chassis G11 or G21, and the optical signal
reflected from the finger G91 to pass through the optical transmitter and be detected by the first sensor G14 (described
below).

[0377] The light source G17 functions as a photo interrupter (also referred to as a photo reflector) together with the
optical transmitter G23 and a photo-sensitive element G18 functioning as the first sensor G14.

(Optical transmitter)

[0378] As shown in Figs. 34(a) and 34(b), the optical transmitter G23 is disposed at a portion of the chassis G11 or
G21 facing a finger of the hand gripping the chassis G11 or G21, and is composed of a transparent material capable of
transmitting optical signals from the first light source G17. The optical transmitter G23 is preferably composed of, for
example, glass or synthetic resin (plastic) capable of transmitting optical signals from the first light source G17. In
particular, a material capable of selectively transmitting optical signals having a certain wavelength from the first light
source G17 is preferred. The optical transmitter G23 preferably has an unprocessed surface.

[0379] As shown in Fig. 38, the optical transmitter G23 is disposed on the outer wall of the chassis G11 and G21. The
optical transmitter G23 is preferably configured such that optical signals from the first light source G17 pass through the
optical transmitter G23 and reflect on the finger G91, and the reflected optical signals pass through the optical transmitter
G23 and is detected by the first sensor G14 when the finger G91 of the hand holding the chassis G11 or G21 faces the
optical transmitter G23 provided in the chassis G11 or G21. The width "t" of the optical transmitter G23 should be
determined based on the width of the photo interrupter, which includes the first light source G17, the optical transmitter
G23, and the photo-sensitive element G18 functioning as the first sensor G14. For the material of the optical transmitter
G23 having a refractive index n, the required width should be calculated by multiplying the width "t" of the optical
transmitter by n.

(First sensor)

[0380] As shown in Figs. 33(a), 33(b), 34(a), and 34(b), the first sensor G14, which is disposed in the chassis G11 or
G21, detects pulsating signals in a blood vessel in a finger of the hand gripping the chassis G11 or G21 and outputs the
pulsating signals as pulse wave signals.

[0381] Asshown in Figs. 33(a) and 33(b), if the first opening G12 is disposed in the chassis G11 or G21 of the subject
information detecting unit G1 or G3 and if the first cavity G13 is disposed in the chassis G11, the pressure-sensitive
element G24 is preferably provided as the first sensor G14. The pressure-sensitive element G24 functioning as the first
sensor G14 detects pulsating signals in a blood vessel in a finger entering through the first opening G12 into the form
of pressure information deriving from the pulsating signals and propagating through the first cavity G13.

[0382] As shown in Figs. 34(a) and 34(b), if the first light source G17 and the optical transmitter G23 are disposed in
the chassis G11 or G21 of the subject information detecting unit G8 or G9, the photo-sensitive element G18 is preferably
provided as the first sensor G14. The photo-sensitive element G18 functioning as the first sensor G14 detects pulsating
signals in a blood vessel in a finger by receiving optical signals emitted from the first light source G17 and reflected on
a finger, and deriving from the pulsating signals.

[0383] Irrespective of the type of the first sensor G14 used to detect pulsating signals, the pressure-sensitive element
G24 or the photo-sensitive element G18, the same signal processing, described below, may be performed on pulsating
signals.

[0384] A pressure-sensitive element functioning as the first sensor G14 may be of any type capable of detecting
pulsating signals in the blood vessel, preferably be a pressure-sensitive element, such as a microphone or piezoelectric
element, which electrically detects air vibrations (sound pressure information) caused by vibrations of the skin of the
subject, the vibrations of the skin originating from pulsation in the blood vessel. A condenser microphone, one type of
microphone, is particularly preferable due to its high directivity, signal-to-noise ratio and sensitivity. An electret condenser
microphone (ECM) can also be suitably used. AMEMS-ECM, which is manufactured by microelectromechanical system
(MEMS) technology, is also preferred (hereinafter referred to as "MEMS-ECM"). A PZT piezoelectric element composed
of lead zirconate titanate (also referred to as "PZT") can be suitably used as a piezoelectric element since the PZT
piezoelectric element, composed of ceramic, exhibits high piezoelectric conversion.

[0385] As shown in Fig. 39, a PZT element, having a multilayered structure composed of lead zirconate, can be used
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in mode d33 in the condition that a closed cavity is defined, just like ECM. As shown in Fig. 39, high impedance of the
PZT element allows impedance conversion over 0 V in a depression-type junction FET, just like a diaphragm of a
microphone, thus the PZT element can be handled in the same manner as ECM. The PZT element, which is small in
size, can be readily mounted in the first cavity G13 and features a wide frequency range.

[0386] A photo-sensitive element functioning as the first sensor G14 may be of any type capable of receiving optical
signals from the first light source reflected on a finger, the optical signals deriving from pulsating signals in a blood vessel
in a finger, and of detecting the pulsating signals in the blood vessel in the finger, preferably be a photo diode. As shown
in Fig. 38, the principle of a photo interrupter (also referred to as photo reflector), which includes the first light source
G17, the optical transmitter G23, and the photo-sensitive element G18, can be used to detect pulsating signals.

(Guide groove)

[0387] As shown in Figs. 33(a), 33(b), 34(a), and 34(b), the guide groove G15 serves as a guide for the finger G91
when the chassis G11 or G21 is gripped with a hand, and is a concave groove disposed on the outer wall of the chassis.
The guide groove G15 is preferably formed to surround the chassis G11 or G21 in the circumferential direction, having
a cross-sectional shape of a semi-circular or ellipsoidal arch, to help the finger G91 grip the chassis stably when the
chassis G11 or G21 is gripped with a hand. A preferred circumferential length of the guide groove is at least longer than
the length from a fingertip to the first joint of a person, more preferably about the same length of the finger of the person.
A preferred depth of the guide groove G15 corresponds to one quarter to half of the thickness of a finger. The guide
groove G15 is provided with the first opening G12 or optical transmitter G23, which is preferably disposed at a position
so as to face the ball G92 of the finger G91 of the hand near an edge G22 of the guide groove G15 when the subject
grips the chassis G11 or G21, so that the fingers G91 of the hand are placed along or in the guide groove G15.
[0388] Each of the subject information detecting units G1, G3, G8, and G9 according to the first embodiment of the
present invention, which has the guide groove G15 disposed in the chassis G11, allows the subject to place the fingers
G91 in the guide groove G15 and grip the chassis G11 or G21, thus enabling stable holding of the subject information
detecting unit.

(Polarity notifier)

[0389] A polarity notifier G25 receives a signal from polarity determining means in response to output from the first
sensor G14 and reports a change in polarity (Figs. 35 and 36).

[0390] The polarity notifier G25 reports a change in polarity in response to the output from the polarity determining
means, which determines the polarity of a pulsating signal waveform detected by the first sensor G14. The polarity
notifier G25 reports a change in the polarity detected by the first sensor. A polarity detector G102, described below, in
a signal processor G101 functions as the polarity determining means.

[0391] The notifying means of the polarity notifier G25 may be lighting of a LED lamp, visual information on an LED
display, or acoustic means, such as a beep sound of a buzzer or sound from a speaker, vibration from a vibrator,
preferably be means different from that of a grip strength notifier described below.

(Grip strength sensor)

[0392] As shown in Figs. 33(a), 33(b), 34(a), and 34(b), the chassis G11 or G21 preferably includes a grip strength
sensor G16 disposed in the vicinity of the first opening G12 or the optical transmitter G23 to detect the hand grip strength
or pressing force (pressing force information) and output an pressing force signal; and a grip strength notifier G26 that
reports the hand grip strength in response to the output from the grip strength sensor G16 (Figs. 35 and 36).

[0393] The grip strength sensor G16 detects the grip strength of subject’s hand gripping the chassis G11 or G21 as
pressing force information deriving from the hand grip strength and applied to the grip strength sensor G16, and output
the grip strength of subject’'s hand as a the grip strength signal.

[0394] The grip strength sensor G16 is preferably a pressure sensor in the form of a circular sheet. As shown in Figs.
33 and 37, the first opening G12 is provided in the guide groove G15 on the external wall of the chassis G11 or G21.
The pressure sensor of a circular sheet is preferably disposed around the first opening G12 such that an aperture,
provided at the center of the circular sheet, aligns with the first opening G12 so as not to block communication of the
first cavity G13 with the exterior. The first cavity G13 defines a closed space such that the fingertip faces the first opening
G12 when a fingertip is put into contact with the sheet pressure sensor. The sheet pressure sensor detects the pressure
applied to the fingertip, that is, the information on the pressing force applied to the sheet pressure sensor (pressing force
information) as the grip strength.

[0395] Alternatively, the grip strength sensor G16 may be a hollow annular tube composed of soft rubber, like a tire
tube, and connected with a semiconductor pressure sensor, instead of the sheet sensor.
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(Grip strength notifier)

[0396] The grip strength notifier G26 reports the hand grip strength in response to the output from the grip strength
sensor G16 (Figs. 35 and 36).

[0397] The grip strength notifier G26 reports the grip strength (pressing force) detected by the grip strength sensor in
a form of numerical values. Alternatively, the grip strength notifier G26 may report when the pressing force detected by
the grip strength sensor reaches a predetermined value. In such a case, a pressing force detector G103, described
below, of the signal processor G101, which functions as a pressing force information detecting means, may control the
pressing state to obtain the grip strength at an appropriate level when the subject information detecting unit G1, G3, G8,
or G9 is gripped with a hand. When the grip strength sensor G16 finds the pressing force at the appropriate level, the
pressing force detector G103 can report it.

[0398] The notifying means of the polarity notifier G26 may be lighting of a LED lamp, visual information on an LED
display, or acoustic means, such as a beep sound of a buzzer or sound from a speaker, vibrations from a vibrator,
preferably be a means different from that of the polarity notifier described above.

(Signal processor)

[0399] The signal processor G101 is an electric circuit that processes the pulsating signals (pulse wave signals)
detected by the first sensor G14 and pressing force signals (signal of pressing) which indicate the hand grip strength
detected by the grip strength sensor G16. The signal processor G101 includes electric circuits of the polarity detector
G102, the pressing force detector G103, and a pressing force optimizer G104 (Figs. 35 and 36).

[0400] The polarity detector G102 processes pulse wave signals detected by the first sensor G14 to determine the
polarity of the pulse waves and display the results of determination. Alternatively, the polarity detector G102 indicates
polarity inversion when it occurs.

[0401] The pressing force detector G103 processes the pulse wave signals detected by the first sensor G14 and the
pressing force signals detected by the grip strength sensor to determine the level of pressing force detected by the grip
strength sensor when the polarity of the pulse wave is inverted.

[0402] The pressing force optimizer G104 processes the pulse wave signals detected by the first sensor G14 and the
pressing force signals detected by the grip strength sensor to optimize the pressing force or hand grip strength.

<Subject information detecting unit>

[0403] The subject information detecting unit G1 or G3 according to the first embodiment of the present invention,
which is configured as described above, the first cavity G13 defines a closed spatial structure (closed cavity) when the
first opening G12 is put into close contact with the ball G92 which is the contact position with the finger G91 of subject’s
hand gripping the chassis G11 or G12. In this configuration, the pressure-sensitive element G24 functioning as the first
sensor G14 in the subject information detecting unit G1 or G3 detects pulsating signals in a blood vessel in the vicinity
of the mounting portion of the subject information detecting unit G1 or G3 on the finger G91 of the subject in the form
of pressure information deriving from such pulsating signals.

[0404] Alternatively, the subject information detecting unit G8 or G9 according to the first embodiment of the present
invention, which is configured as described above, has the optical transmitter G23 in close contact with the ball G92
which is the contact position with the finger G91 of subject’s hand gripping the chassis G11 or G12. In this configuration,
the optical signals from the first light source G17 pass through the optical transmitter G23 and reflect on the finger G91.
The reflected optical signals pass back through the optical transmitter G23 and are received by the photo-sensitive
element G18, functioning as the first sensor G14 in the subject information detecting unit G8 or G9. The photo-sensitive
element G18 detects pulsating signals in a blood vessel in the vicinity of the mounting portion of the subject information
detecting unit G8 or G9 on the finger G91 of the subject in the form of optical signals from the first light source G17
reflected on the finger G91, the optical signals deriving from the pulsating signals.

<Closed cavity>

[0405] The subject information detecting unit G1 or G3 according to the present invention includes the first opening
G12, the first cavity G13, and the first sensor. The first opening G12 has a diameter of 3 mm to 8 mm and is formed at
a portion on the chassis facing the finger G91 of the hand holding the chassis G11 or G21. The first cavity G13, in
communication with the first opening G12 and formed on the chassis G11 or G21, defines a closed spatial structure
(closed cavity) when the chassis G11 or G21 is gripped with fingers such that the first opening G12 faces the finger G91.
The first sensor, disposed on the chassis G11 or G21, can detect pulsating signals in a blood vessel in the finger G91
propagating through the first opening G12 in the form of pressure information deriving from the pulsating signals and
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propagating through the first cavity.

[0406] The vibrations originating from the heartbeat can be captured at any portion of the finger G91 of the subject
when pulsating signals are detected from the blood vessel in the subject. For example, a pressure sensor, such as a
microphone or a piezoelectric element, is placed at an appropriate portion of the finger to attempt detection of vibrations
in an open state. However, the vibrations originating from the heartbeat or a blood vessel are significantly weak and
thus cannot be readily detected by a pressure-sensitive element in an open state even if the pressure-sensitive element
is placed near the finger G91 of the subject.

[0407] The pressure-sensitive element may be pressed against the skin of a subject directly to detect pulsating signals
from a subject. Unfortunately, a desired level of signal cannot be acquired even if, for example, a microphone functioning
as a pressure-sensitive element is pressed against the subject. For example, an ECM with an air hole having a diameter
of 2 mm can detect signals only through the air hole placed immediately above the blood vessel. In contrast, a MEMS-
ECM with an air hole (sound hole) barely detects signals due to its smaller diameter than that of the blood vessel. Such
a disadvantage of the ECM or MEMS-ECM is due to its characteristics; the ECM or MEMS-ECM can detect pulsating
signals in the blood vessel immediately under the pressure information passage (air hole, sound hole) of the ECM or
MEMS-ECM if no closed cavity including the first opening and the first cavity is provided between the subject and the
sensor. Accordingly, the ECM or MEMS-ECM cannot detect pulsating signals from a blood vessel which is dislocated
from the position of the pressure information passage.

[0408] This subject information detecting unit G1, which includes the first opening G12, the first cavity G13, and the
first sensor mount G11, can define a closed cavity when the finger G91 of the hand is put into contact with the first
opening G12 while the chassis is being gripped with a hand. This allows the subject information detecting unit G1 to
detect pulsating signals in a blood vessel within the range of the first opening G12.

<Photo interrupter>

[0409] As shown in Fig. 38, the subject information detecting unit G8 or G9 according to the present invention includes
the first light source G17 that emits optical signals to the finger G91 of the hand holding the chassis G11 or G21; the
optical transmitter G23 disposed at a position on the chassis facing the finger G91 of the hand holding the chassis G11
or G21; and the photo-sensitive element G18 that receives optical signals, from the first light source G17, which pass
through the optical transmitter G23 and are reflected on the finger G91. Such configuration allows detection of pulsating
signals in accordance with the principle of a photo interrupter.

[0410] The firstlight source G17 is, for example, an LED emitting light having a wavelength of 940 nm. Light is emitted
from the first light source G17 to the ball G92 of the finger G91, reflected on the skin of the finger G91, and detected by
the photo-sensitive element G18. The reflected light detected by the photo-sensitive element G18 is affected by vibrations
of the surface of the skin caused by pulsation in a blood vessel in the finger G91. Thus, pulse waves from the fingertip
can be detected as pulsating signals in the blood vessel when the finger 91 is put into close contact with the optical
transmitter G23. In such a case, the optical transmitter G23 is preferably disposed in the external wall defining the outer
surface of the chassis G11 or G21 at a position facing the finger G91 of a hand holding the chassis G11 or G21, and is
composed of a transparent material capable of passing through light signals from the first light source G17. The optical
transmitter G23 is preferably disposed at a portion such that the light from the first light source G17 to pass through the
optical transmitter G23 and reflect on the finger G91, and the reflected light pass back through the optical transmitter
G23. If the photo-sensitive element G18 is used as the first sensor G14 to detect pulsating signals, the photo-sensitive
element G18 is preferably covered with a light-shielding material to block light from a lighting device in the room.
[0411] Theresponse waveform of pulse waves detected on fingertip in accordance with the principle of photo interrupter
is shown in Fig. 40. The waveform in the left one-third area of Fig. 40 indicates that pulse waves were detected in an
illuminated room. The waveforms in the right two-thirds area of Fig. 40 indicates that the pulse waves were detected in
an unilluminated room. The left one-third area of Fig. 40 evidentially shows that 50 Hz components from the illumination
in the room were detected by the photo-sensitive element G18 and appeared as noise in the pulse waveforms. This
indicates the necessity of light-shielding of the sensor when a photo interrupter sensor is used to detect pulsating signals.
The optical transmitter G23 shown in Fig. 38 is preferably composed of a material that can selectively pass through light
having the wavelength of an optical signal from the first light source G17, thereby alleviating the effect of disturbance,
such as lighting.

<Grasping position of subject information detecting unit>
[0412] The subject information detecting units G1, G3, G8, and G9 can be suitably used for humans, but may be
applicable to any subjects, humans or animals, from which pulsating signals in a blood vessel can be detected when

the chassis is gripped with fingers G91.
[0413] A pressure sensor has been disposed on the ball of a finger at a fingertip to detect pulsating signals from a
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capillary in the fingertip. The present inventors have found that a pressure sensitive element disposed on a contact
position with the skin at a position corresponding to the finger joint can detect pulses from an artery itself at the joint
(hereinafter simply referred to as "blood vessel"), not from a capillary. The skin at a position corresponding to the finger
joint is a position that can define the blood vessel, and detect a pulse wave signal significantly larger than that of a
capillary at a fingertip can be acquired. Thus, the first opening G12 applied to the contact position with the skin at a
position corresponding to the finger joint in the ball G92 of the finger G91 can detect relatively larger and more stable
pulse waves than those from a capillary at a fingertip.

[0414] Ifthe subjectinformation detecting unit G1 or G3 according to the presentinvention includes a pressure-sensitive
element as the first light source to define the first opening G12, the subject information detecting unit G1 or G3 captures
variations in pressure in the first cavity G13 to be a closed space in accordance with the principle of a closed cavity.
Thus, a pulsating signal can be detected from a bidimensional blood vessel within the footprint of the closed cavity as
a significant variation in pressure. The closed cavity eliminates the necessity for placing the blood vessel at the center
of the first opening G12. The first opening G12 placed at the position where a blood vessel resides allows pulsating
signals to be detected successfully, without an adverse effect of a slight movement of the finger G91 or the subject
information detecting unit.

[0415] For detection from a capillary under the skin opposite to a nail, a movement of the finger G91 would have a
smaller effect. However, the present inventors focused on the level of signals from a blood vessel near the finger joint.
When measurement is performed on a capillary for a long time, a variation in the amplitude of pulse wave signals from
the blood vessel near the joint are more stable than those from the capillary for unknown reasons. A relatively long time
is envisaged to detect pulsating signals from a fingertip. Accordingly, the contact portion with the skin at a position
corresponding to the finger joint can be suitably used.

[0416] If the first light source is a pressure-sensitive element provided with a first opening G12, the chassis G11 or
G21 of the subject information detecting unit G1 or G3 is preferably gripped with a hand such that the skin at a position
corresponding to the finger joint comes into contact with the first opening G12. More preferably, the chassis G11 or G21
is gripped with a hand such that the skin at a position corresponding to the first joint G94 of the finger G91 comes into
contact with the first opening G12 for ease of gripping the chassis and application of force. In other words, a position of
the first opening G12 disposed in the guide groove, the first cavity G13 defined together with the first opening G12, and
the pressure-sensitive element G24 disposed in the first cavity G13 and functioning as the first sensor G14 is preferably
a portion such that the first opening G12 is in contact with the skin at a position corresponding to the joint in the finger
G91 when the chassis G11 or G21 is held with a hand such that the fingers are placed in the guide groove G15. More
preferably, these reside at a position at which the first opening G12 comes into contact with the skin at a position
corresponding to the first joint of the finger G91. The first opening G12 is disposed at the position away from the edge
G22 of the guide groove G15 by the length from a fingertip to the first joint of a person.

[0417] If the first opening G12 of the subject information detecting unit G1 or G3 is the position that is contact with the
skin at a position corresponding to the joint of the finger G91, at least the edge of the first opening G12 of the subject
information detecting unit G1 or G3 is preferably at the knuckle of the finger joint. More preferably, the first opening G12
of the subject information detecting unit G1 or G3 is positioned above the knuckle of the finger joint.

[0418] To alleviate the effect of body motion on pulse wave signals, two or more fingers are preferably used to make
a decision in accordance with the principle of majority rule or a method for selecting a signal measured under the best
condition.

<Other configuration>

[0419] Besides the above configuration, it is preferred that the subject information detecting units G1, G3, G8, and
G9 further include the following elements.

(Subject sensor and subject notifier)

[0420] The subject information detecting units G1, G3, G8, and G9 each preferably include a subject sensor G27 and
a subject notifier G28 in the chassis G11 or G21 (Figs. 35 and 36).

[0421] The subject sensor G27 is a proximity sensor that detects a person, in particular, a hand approaching the
subject information detecting unit G1, G3, G8, or G9, to output signals to a signal processor G101. Such a proximity
sensor preferably has a large sensing area to ensure that the sensor can detects a hand approaching the subject
information detecting unit G1, G3, G8, or G9 from any direction. The subject sensor G27 includes, for example, a metal
piece affixed inside the chassis G11 or G21, the metal piece connected to the ground; and multiple pieces of metal foil
affixed on the outer surface of the cylindrical or oval chassis G11 or G21 such that the pieces of metal foil are connected
with other. This configuration allows the capacitance between any two metal pieces, one being internal and the other
being external, to be monitored to detect an approaching hand based on a change in the capacitance. Alternatively,
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multiple pyroelectric sensors for measuring ambient temperature are disposed around the chassis G11 or G21 to detect
infrared when a hand is approaching. Such a pyroelectric sensor may be used together with a body temperature detecting
element that involves use of infrared.

[0422] When the subject sensor G27 detects a person, in particular, a hand approaching the subject information
detecting unit G1, G3, G8, or G9, the subject notifier G28 receives a signal from the signal processor G101 in response
to output from the subject sensor G27 and notifies a person of the position of the chassis. The subject notifier G28 may
report to a person with light or sound. Preferably, it reports the position of the chassis by illuminating the entire chassis
with LED lamps disposed on the chassis G11 or G21. Examples of such chassis include an oval chassis G21 shown in
Fig. 41. The chassis G21 includes LEDs G19 emitting light towards the upper half of the chassis G21; and LEDs G20
emitting light towards the lower half of the chassis G21. The LEDs G19 and the LEDs G20 are disposed at equal intervals
on the circumference near the center of the longitudinal direction of the chassis G21. Such a configuration allows the
LEDs G19 and LEDs G20, which functions as the subject notifier G28, to illuminate the entire chassis G21 in response
to output from the subject sensor G27 via the signal processor G101 when the subject sensor G27 detects a person.
[0423] The chassis G11 or G21 provided with the subject sensor G27 and the subject notifier G28 allows the chassis
G11 or G21 to report the position of the subject information detecting unit so that the subject can use it promptly. For
example, when a subject attempts to use the subject information detecting unit G1, G3, G8, or G9 when he/she feels
something abnormal during his/her sleep and reaches for the subject information detecting unit G1, G3, G8, or G9, the
subject sensor G27 detects the approaching hand to the chassis G11 or G21 and illuminates the LEDs, which is the
subject notifier G28, for a certain period of time.

(Memorizing means)

[0424] The subject information detecting units G1, G3, G8, and G9 each preferably include a memorizing means G29
in the chassis G11 or G21 (Figs. 35 and 36). The memorizing means G29 stores the observed results from the first
sensor G14 or the grip strength sensor G16 (measurement information) via the signal processor G101. Alternatively,
the memorizing means G29 may stores information from a clock G42, a GPS processing circuit G44, a body temperature
detecting means G45, and an ambient temperature detecting means G46.

[0425] The memorizing means G29 may be any recording device that can store the observed results, preferably be
a flash memory device, which can be compact and readily mounted.

(Clock and GPS)

[0426] The chassis G11 or G21 of the subject information detecting units G1, G3, G8, and G9 preferably includes the
clock G42, an antenna G43 of global positioning system GPS, and the GPS processing circuit G44 (Figs. 35 and 36).
The GPS antenna G43 and the GPS processing circuit G44 are also collectively called GPS.

[0427] The clock G42 may be of any type capable of acquiring time, preferably be a radio clock which receives date
and time information sent from a radio station that sends standard radio waves and synchronizes itself with the information.
A signal containing the date and time information received by the clock G42 is sent to the signal processor G101.
[0428] A signal, containing the position information, acquired by the GPS antenna G43 and the GPS processing circuit
G44 is sent to the signal processor G101.

[0429] The memorizing means G29 stores the observed results from the clock G42, the GPS antenna G43, and the
GPS processing circuit G44 in connection with those by the first sensor G14, in response to the signal from the signal
processor G101. Alternatively, the memorizing means G29 stores the observed results in connection with body temper-
atures and/or ambient temperatures, besides the observed results from the first sensor G14.

[0430] The subject information detecting units G1, G3, G8, and G9, is provided with the clock G42, the GPS antenna
G43, and the GPS processing circuit G44. Data acquired by the first sensor G14 can be stored in connection with the
time and position of the data acquisition, for example, during a travel with the subject information detecting unit G1, G3,
G8, or G9 attached.

(Body temperature detecting means and ambient temperature detecting means)

[0431] The chassis G11 or G21 of the subject information detecting unit G1, G3, G8, or G9 preferably includes the
body temperature detecting means G45 that detects the body temperature at a hand griping the chassis; the ambient
temperature detecting means G46 that detects the ambient temperature; and the memorizing means G29 that stores
the observed results from the body temperature detecting means G45 and the ambient temperature detecting means
G46 the through signal processor G101 (Figs. 35 and 36).

[0432] Signals containing information on a body temperature detected by the body temperature detecting means G45
and signals containing information on an ambient temperature detected by the ambient temperature detecting means
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G46 are sent to the signal processor G101.

[0433] The ambient temperature detecting means G46 and the body temperature detecting means G45 may be of
any conventional type.

[0434] Examples of the body temperature detecting means G45 include a thermistor or an infrared sensor based on
pyroelectric characteristics. The thermistor can measure a body temperature at fingertips when the chassis G11 or G21
is gripped with a hand such that the thermistor is disposed between fingers. The infrared sensor can detect infrared rays
emitted from a fingertip not in contact with the infrared sensor. Unlike detection of the body temperature under an arm
or in the anal using a thermistor, preliminary compensation or calibration is preferred for the measurement of the body
temperature from a hand, including fingertips.

[0435] Since, the subject information detecting unit G1 or G3, which includes the body temperature detecting means
G45 and the ambient temperature detecting means G46, when the first sensor G14 obtain data, the subject information
detecting unit G1 or G3 canrecord the data obtained by the signal processor G101 in connection with the body temperature
and the ambient temperature through the signal processor G101.

(Battery and cradle)

[0436] The subject information detecting unit G1, G3, G8, or G9 preferably includes a battery G47 in the chassis G11
or G21 and is driven by the power from the battery G47 (Figs. 35 and 36). The subject information detecting unit G1,
G3, G8, or G9 includes a coil in the chassis G11 or G21. The subject information detecting unit G1, G3, G8, or G9 is
preferably set to a cradle G2 that can hold the chassis G11 or G12, as shown in Fig. 33(a). The subject information
detecting unit G1, G3, G8, or G9 is preferably chargeable in a contactless state on the cradle G2.

[0437] The cradle G2 preferably has a function to read the observed signals from and to supply power to the chassis
G11 or G21 when the chassis G11 or G21 of the subject information detecting unit G1, G3, G8, or G9 is disposed on
the cradle G2, where the electrodes of the cradle are in a contact or contactless state.

[0438] When the subject information detecting unit G1, G3, G8, or G9 detects no pulsating signals, the chassis G11
or G21 may be disposed on the cradle G2 to charge the battery G47 with electricity from the cradle G2. Data stored in
the memorizing means G29 is sent from the subject information detecting unit G1, G3, G8, or G9 to the cradle G2 in the
contact or contactless state, and further transmitted from the cradle G2 to an external computer.

[l1-1-2. Functional configuration of subject information detecting unit according to first embodiment]

[0439] An exemplary configuration of each of the subject information detecting units G1, G3, G8, and G9 according
to the first embodiment of the present invention will now be described.

(Subject information detecting unit including pressure-sensitive element)

[0440] The subject information detecting unit G1 or G3 according to the first embodiment of the present invention,
which has a functional configuration as illustrated in Fig. 35, includes the pressure-sensitive element G24 functioning
as the first sensor G14; the grip strength sensor G16; the polarity notifier G25; the grip strength notifier G26; the subject
sensor G27; the subject notifier G28; the memorizing means G29; the clock G42; the GPS antenna G43; the GPS
processing circuit G44; the body temperature detecting means G45; the ambient temperature detecting means G46;
the battery G47; and the signal processor G101. The signal processor G101 includes the polarity detecting means G102;
the pressing force detecting unit G103; and the pressing force optimizer G104.

[0441] The pressure-sensitive element G24 functioning as the first sensor G14 detects pulse waves (pulsating signals)
in a blood vessel in the form of pressure information deriving from the pulsating signals. The grip strength sensor G16
detects pressing force information deriving from the griping strength. The signals detected by the pressure-sensitive
element G24 functioning as the first sensor G14 and the grip strength sensor G16 are sent to the signal processor G101
and processed in the polarity detecting means G102, the pressing force detecting unit G103, and the pressing force
optimizer G104.

[0442] The signal processor G101 processes signals received from the subject sensor G27, the clock G42, the GPS
processing circuit G44, the body temperature detecting means G45, and the ambient temperature detecting means G46
to operate the polarity notifier G25, the grip strength notifier G26 and the subject notifier G28 and transfer measurement
information in the memorizing means G29.

[0443] The memorizing means G29 transfers the measurement information through the cradle to the exterior. The
battery can be charged through the cradle G2.
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(Subject information detecting unit including photo-sensitive element)

[0444] The subject information detecting unit G8 or G9 according to the first embodiment of the present invention,
which has a functional configuration as illustrated in Fig. 36, includes the photo-sensitive element G18 functioning as
the first sensor G14; the grip strength sensor G16; the light source G17; the polarity notifier G25; the grip strength notifier
G26; the subject sensor G27; the subject notifier G28; the memorizing means G29; the clock G42; the GPS antenna
G43; the GPS processing circuit G44; the body temperature detecting means G45; the ambient temperature detecting
means G46; the battery G47; and the signal processor G101. The signal processor G101 has the polarity detector G102;
the pressing force detector G103; and pressing force optimizer G104.

[0445] The photo-sensitive element G18 functioning as the first sensor G14 detects pulse waves (pulsating signals)
in a blood vessel in the form of optical signal deriving from the pulsating signals. The grip strength sensor G16 detects
pressing force information deriving from the griping strength. The signals detected by the photo-sensitive element G18
functioning as the first sensor G14 and the grip strength sensor G16 are sent to the signal processor G101 and are
processed in the polarity detector G102, the pressing force detector G103, and the pressing force optimizer G104.
[0446] The signal processor G101 processes the signals received from the subject sensor G27, the clock G42, the
GPS processing circuit G44, the body temperature detecting means G45, and the ambient temperature detecting means
G46 to operate the first light source G17, the polarity notifier G25, the grip strength notifier G26, and the subject notifier
G28 and transfer the measurement information in the memorizing means G29.

[0447] The memorizing means G29 transfers the measurement information to the exterior through the cradle. The
battery can be charged through the cradle G2.

[11-1-3. Operation of subject information detecting unit according to first embodiment]

[0448] An exemplary operation of the subject information detecting units G1, G3, G8, and G9 according to the first
embodiment of the present invention will now be described.

<Detection of pulsating signal and pressing force>
(Subject information detecting unit including pressure-sensitive element)

[0449] The operation of the subject information detecting unit G1 or G3, which includes the first opening G12 on the
chassis G11 or G21, the first cavity G13 defined in the chassis G11, and the pressure-sensitive element G24 functioning
as the first sensor G14, will now be described.

[0450] As shown in Fig. 37(a), the chassis G11 or G21 is gripped with a hand while the fingertips are pressed against
the chassis such that the finger G91 of the subject between the fingertip and the first joint comes into contact with the
first opening G12 to define a closed spatial structure (closed cavity) by the cavity G13. In this configuration, the pressure-
sensitive element G24 functioning as the first sensor G14 and disposed in the first opening G12, detects pulse waves
(pulsating signals) from a microscopic blood vessel or capillary at the fingertip or an artery at a joint in the form of pressure
information deriving from the pulsating signals. The grip strength sensor G16 disposed around the first opening G12
detects the hand grip strength as pressing force (pressing force signal) applied when the fingers are pressed against
the grip strength sensor G16. In order to hold the subject information detecting unit G1 or G3, the chassis G11 or G21
may be gripped with one hand (left hand) the fingers of which are supported with those of the other hand (right hand).

(Subject information detecting unit including photo-sensitive element)

[0451] The operation of the subject information detecting unit G8 or G9, which includes the first light source G17, the
optical transmitter G23 disposed on the chassis G11 or G21, and the photo-sensitive element G18 functioning as the
first sensor G14, will now be described.

[0452] As shown in Fig. 38, the chassis G11 or G21 is gripped with a hand such that the fingertips are pressed against
the optical transmitter G23. More specifically, the finger G91 of the hand holding the chassis G11 or G21 faces the
optical transmitter G23 such that the optical signals emitted from the first light source G17 are applied to the finger G91
of the subject between the fingertip and the first joint. In this configuration, the optical signals from the first light source
G17 pass through the optical transmitter G23 and reach the finger G91. The optical signals reflected from the finger
G91 pass back through the optical transmitter G23 and are detected by the photo-sensitive element G18 functioning as
the first sensor G14. The first sensor G14 receives optical signals from the first light source G17 reflected on the finger
G91 and detects the intensity of the optical signals, the optical signals deriving from pulse waves (pulsating signals)
from a microscopic blood vessel or capillary at the fingertip or an artery at a joint. As shown in Figs. 34(a) and 34(b),
the grip strength sensor G16 disposed around the optical transmitter G23 detects hand grip strength as pressing force
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(pressing force signal) applied when the fingers are pressed against the grip strength sensor G16. In order to hold the
subject information detecting unit G8 or G9, the chassis G11 or G21 may be gripped with one hand (left hand) the fingers
of which are supported with those of the other hand (right hand).

<Control of pressing state>

[0453] The control of the pressing state to determine the force applied to the first opening or the optical transmitter
G23 by a finger when the chassis G11 or G21 of the subject information detecting unit G1, G3, G8, or G9 is gripped
with a hand, that is, the grip strength, will now be described.

[0454] Inthefollowing description, the firstopening G12is disposed onthe chassis G11 or G21 of the subject information
detecting unit G1 or G3, the first cavity G13 is defined on the chassis G11 or G21, and the pressure-sensitive element
G24 is provided as the first sensor G14. However, similar signal processing may be performed on the subject information
detecting unit G8 or G9 which includes the first light source G17 and the optical transmitter G23 in the chassis G11 or
G21 and the photo-sensitive element G18 provided as the first sensor G14.

[0455] When the pressing force is gradually increased with one hand (fingers of the left hand) in contact with the first
opening G12, the polarity of the pulse waves inverts, as shown in Fig. 42. More specifically, the detected pulse waveform
has peaks in the negative region from 1.0 to 4.0 on the horizontal axis (left side) and in the positive region from 4.0 or
higher on the horizontal axis (right side). The pulse wave shown in Fig. 42 is a speed pulse wave. Although the reason
for the reversion in polarity is unknown, this phenomenon occurs when a closed cavity with the same diameter as that
of the first opening G12 according to the present invention is defined to detect pulse waves, regardless of the type of
pressure-sensitive element used as the first sensor G14, i.e., the ECM or the above mentioned PZT. This indicates that
the phenomenon is caused not by a difference in the type of pressure-sensitive element but by a combination of some
conditions in the living body and the closed cavity. The subject information detecting unit according to this embodiment
detects the pulsating signals having a polarity corresponding to a weak pressing force, that is, the waveform as shown
on the left side of Fig. 42 is detected as pulsating signal. Alternatively, in the presence of disturbance, since pulsating
signals at a polarity corresponding to a strong pressing force, that is, the pulse wave having a polarity as shown on the
right side of Fig. 42 has a resistant to disturbance, so the waveform on the right may be detected as pulsating signal.
[0456] Since the pressing force applied to the first opening causes the polarity reversion of pulse waves, the polarity
of a pulse wave must be determined prior to the detection of pulsating signals in a blood vessel. For such a pretreatment,
the force to press the first opening, that is, the grip strength must be determined. The functional configuration of the
signal processor G101 functioning as a grip strength determiner is shown in the block diagram of Fig. 43. As shown in
Fig. 43, the signal processor G101 includes amplifiers G111 and G112; a band-pass filter G121; a low-pass filter G122;
an AD converter G123; a peak-hold circuit G131; a bottom-hold circuit G134; window comparators G132 and G135; an
AGC G141; an AD converter G142; a phase comparator G143; a low-pass filter G144; a VCO G145; a frequency divider
G146; a timing generator G147; a sample-hold circuit G148; and a logical circuit G149. The signal processor G101 may
further includes LEDs G133 and G136, G150, and G151 to indicate the results of signal detection and control.

[0457] The circuits shown in the block diagram of Fig. 43 receive two types of signal, i.e., pulse wave signals detected
in the first sensor G11, which are pulsating signals in a blood vessel, and pressing force signals detected in the grip
strength sensor, which indicate the pressing force of fingers. The pressing force signal generates voltage which is
proportional to the pressing force applied to the grip strength sensor G16.

(Polarity detector)

[0458] The polarity detector G102 determines the polarity of the pulse wave signals received and displays the results
of determination. Alternatively, the polarity detector G102 may indicate polarity inversion when it occurs. The polarity
detector G102 according to this embodiment includes the peak-hold circuit G131 receiving pulse wave signals; the
window comparator G132 receiving signals processed in the peak-hold circuit G131; the bottom-hold circuit G134 re-
ceiving the pulse wave signals; and the window comparator G135 receiving the signals processed in the bottom-hold
circuit G134. The polarity detector G102 may further include the LED G133 that is lit in response to signals from the
window comparator G132; and the LED G136 that is lit in response to signals from the window comparator G135.
[0459] The pulse wave signals are sent to the circuits in the peak-hold circuit G131 and the bottom-hold circuit G134.
For normal operations of the circuits, preferably the detected pulse wave signals are preliminarily amplified to a certain
level by the amplifiers G111 and G112 and then are sent to the circuits in the peak-hold circuit G131 and the bottom-
hold circuit G134. These hold circuits preferably retain the frequency characteristics of the pulse waves until the droop
reaches 80%.

[0460] The exemplary output waveforms of the peak-hold circuit G131 and the bottom-hold circuit G134 are shown
in Fig. 44. Figs. 44(a) to 44(d) indicate the relationship between measuring time on horizontal axis and the signal level
of a waveform on the vertical axis. Fig. 44(a) indicates the waveform of a pulse wave signal received. Fig. 44(b) indicates
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the waveform of a received pulse wave signal processed by the bottom-hold circuit G134. Fig. 44(c) indicates the
waveform of a received pulse wave signal processed by the peak-hold circuit G131.

[0461] As shown in Fig. 44(b), the bottom-hold circuit G134 according to this embodiment holds the bottom value of
the pulse waveform shown in Fig. 44(a) and gradually increases the bottom value as the time elapses. As shown in Fig.
44(c), the peak-hold circuit G131 holds the peak value of the pulse waveform shown in Fig. 44(a) and gradually decreases
the peak value as the time elapses.

[0462] The window comparators G132 and G135 each receive the outputs from the peak-hold circuit G131 and the
bottom-hold circuit G134 to determine whether or not the level of the received signal is within the range between a
predetermined upper limit and a predetermined lower limit, so that the polarity of the pulse wave signal can be determined.
For example, the reference voltage for the window comparator G132 is set to a certain positive range. If the signal whose
waveform from the peak-hold circuit having positive peak values, as shown in Fig. 44(c), is determined to be within the
predetermined positive range of the reference voltage, the subject information detecting unit can detect a pulse wave
having a polarity exhibiting application of a strong pressing force, as shown on the right side of Fig. 44(a). Conversely,
the reference voltage for the window comparator G135 is set to a certain negative range. If the signal whose waveform
from the bottom-hold circuit having a negative bottom value, as shown in Fig. 44(b), is determined to be within the
predetermined negative range of the reference voltage, the subject information detecting unit can detect a pulse wave
having a polarity exhibiting application of a weak pressing force, as shown on the left side of Fig. 44(a).

[0463] If the window comparator G132 determines that the signal level is within the range of the reference voltage,
the window comparator G132 can illuminate the LED G133 to indicate the pulse wave has a polarity exhibiting application
of a strong pressing force. Conversely, if the window comparator G135 determines that the signal level is within the
range of the reference voltage, the window comparator G135 can illuminate the LED G136 to indicate that the pulse
wave has a polarity exhibiting application of a weak pressing force. Alternatively, the LEDs G133 and G136 may be, for
example, red and green LED lamps, respectively. The determined polarity may be indicated by emitting red or green light.
[0464] As described above, the illumination of the LEDs G133 and G136 in response to the waveform of a pulsating
signal detected by the first sensor G14 can notify the user of the subject information detecting unit G1 or G3 of the
polarity inversion. This allows the subject information detecting unit G1 or G3 to indicate the grip strength and direct the
user to increase or decrease the applied force.

[0465] In this case, the first sensor G14 functions as the polarity detecting mean to detect the polarity of a pulsating
signal, while the LEDs G133 and G136 function as the polarity notifier G25 to indicate the polarity change.

(Pressing force detector)

[0466] The pressing force detector G103 detects the level of the pressing force detected by the grip strength sensor
when the polarity of a pulse wave inverts. The pressing force detector G103 according to this embodiment includes the
band-pass filter G121 receiving a pulse wave signal; the low-pass filter G122 receiving the signal from the band-pass
filter G121; and the AD converter G123 receiving output from the low-pass filter G122 and an pressing force signal.
[0467] As shown in Fig. 42, the point of the polarity inversion in a pulse wave indicates the abeyance of a pulse wave
and of bloodstream pumped from the heart at a certain pressure. This indicates that the highest blood pressure has
been detected at a fingertip. It will be understood that the heart, upper arm, wrist and fingertip have a lower blood pressure
in this order, and that commercially available blood-pressure gauges convert a blood pressure at a measurement point
into a pumping pressure at the heart based on a huge amount of observed medical data. Such a value detected at a
fingertip represents the substantially highest blood pressure, which indicates an abnormal value or a departure from a
normal value, and thus very meaningful for the individual.

[0468] Slightly high specific frequency components appear at a pressure around 4.0 [s] where the polarity inverts as
shown Fig. 42. In order to detect the substantially highest blood pressure, pulse wave signals are input to the band-pass
filter G121 to detect the specific high frequency components at the polarity inversion point. Fig. 44 shows an exemplary
process on the waveform by the band-pass filter G121. Figs. 44(a) to 44(d) indicate the relationship between measuring
time on the horizontal axis and the signal level of the waveform on the vertical axis. Fig. 44(a) indicates the waveform
of a received pulse wave signal. Fig. 44 (d) indicates the high-frequency components detected by the band-pass filter
from the waveform of Fig. 44(a).

[0469] The high-frequency components detected by the band-pass filter are output via the low-pass filter G122, and
can be used to sample the voltage of a signal from the grip strength sensor G16. The AD converter G123 converts a
signal from the grip strength sensor G16 into a digital signal. This mechanism enables pressing force information at the
polarity inversion point to be detected and retained as pressing force information at the highest blood pressure.
[0470] The pressing force at the highest blood pressure is called, averaged or updated as a reference value in the
subsequent measurement. Alternatively, the pressing force at the highest blood pressure may be obtained by sampling
the pulses of signals from the grip strength sensor G16 when the peak-hold circuit G131 and the bottom-hold circuit
G134 outputs or do not output signals concurrently.

53



10

15

20

25

30

35

40

45

50

55

EP 2 881 035 A1

[0471] Such pressing force information may be used as a reference value at subsequent polarity inversions or as a
reference value for the force applied by a hand. For example, the pressing force is called and compared with a calibration
value of the grip strength sensor G16. If a value detected by the grip strength sensor G16 is larger than the called
pressing force, the detected value is held and is displayed by a warning means, or LED is lit or sound is emitted to
indicate that excessive force is applied. The warning means is the grip strength notifier G26.

(Pressing force optimizer)

[0472] The pressing force optimizer G104 optimizes the pressing force or hand grip strength. The pressing force
optimizer G104 according to this embodiment includes the PLL provided with the phase comparator G143, the low-pass
filter G144, the VCO G145, and the frequency divider G146. The PLL receives pulse wave signals amplified by AGC;
the timing generator G147 receives signals from the frequency divider G146 of the PLL; the sample-hold circuit G148
receives signals from the timing generator G147 and pulse wave signals amplified by the AGC; and the logical circuit
G149 receives signals from the sample-hold circuit G148. The pressing force optimizer G104 further includes LEDs
G150 and G151 litin response to signals from the logical circuit G149.

[0473] Once the polarity detector G102 determines the polarity of a pulse wave signal, the AGC G141 automatically
controls the gain of the pulse wave signal to amplify the pulse wave signal up to the upper limit of the dynamic range of
the AD converter. The AD converter G142 converts the amplified pulse wave signal from analog signals into digital
signals to acquire pulse wave output.

[0474] The pressing force is further optimized by finely adjusting the strength of a hand gripping the subject information
detecting unit, that is, the pressing force applied by a finger of the hand to the grip strength sensor at the first opening.
Figs. 45(a) and 45(b) illustrate exemplary changes in pulse waveform (volume pulse wave) when the pressing force is
varied at a selected polarity. Figs. 45(a) and 45(b) illustrate the waveform of a pulse signal having the same polarity.
More specifically, Fig. 45(a) illustrates the waveform of a pulse signal when a weak force is applied with a relatively
loose finger cot, while Fig. 45(b) illustrates the waveform of a pulse signal when a strong force is applied with a relatively
tight finger cot.

[0475] The relatively loose finger cot is Mekurin, size L (inner diameter: 15 mm, length: 12.5 mm) available from
KOKUYO S&T Co., Ltd. The relatively tight finger cot is Mekurin, size M (inner diameter: 13 mm, length: 11 mm) from
KOKUYO S&T Co., Ltd. Although the relationship between the pressing force and changes in a pulse waveform is not
necessarily clear, a finger cot having a relatively large inner diameter was used as a relatively loose one, and a finger
cot having a relatively small inner diameter was used as a relatively tight one to vary the pressing force. The variations
in the pulse waveforms shown in Figs. 45(a) and 45(b) may also be observed without use of the above-mentioned finger
cots.

[0476] Even at the same polarity, the application of force may enlarge peaks of a pulse wave and cause a variation
in waveform, of the "tidal wave" in the pulse waveform or in the ratio of the TW peaks to the main peaks. For example,
the waveform in Fig. 45(b) has a higher ratio of the TW peaks to the main peaks than that of the waveform in Fig. 45(a)
and thus has clearer TW peaks. The pressure applied can be adjusted and optimized such that the TWs always have
a similar waveform.

[0477] For optimization of the pressure, a speed pulse wave after the AGC is allowed to pass through a phase-locked
loop (PLL) including the phase comparator G143, the low-pass filter G144, the VCO G145, and the frequency divider
G146. The PLL uses a 10-bit counter and a division ratio of 1024. The phase of an acceleration pulse wave at the second
zero-cross point after the AGC, which is substantially proximate to the TW timing generated by the PLL, is compared to
obtain appropriate pressing force.

[0478] With reference to Fig. 46, the adjustment of the pressing force will now be described. In Figs. 46(a) to 46(h),
Fig. 46(a) depicts a volume pulse wave detected by the first sensor. Fig. 46(b) depicts a speed pulse wave detected by
the first sensor. The speed pulse wave has clearer peaks than the volume pulse wave and thus the phase in the PLL
can be readily determined. If the pulse wave detected by the first sensor is a volume pulse wave, the volume pulse wave
in Fig. 46(a) is allowed to pass through a differentiating circuit to acquire a speed pulse wave, as shown in Fig. 46(b),
for the subsequent processing in the PLL, including the phase comparator G143. The speed pulse wave, as shown in
Fig. 46(b), has the second peaks in connection with the TWs in the volume pulse wave. The second peaks in the speed
pulse wave can be used to adjust the pressing force. If a MEMS-ECM is used as the first sensor, the speed pulse wave,
as showninFig. 46(b), is acquired, and may be directly sentto the PLL without processing in the differentiating circuit G141.
[0479] In the PLL, the phase comparator G143 receives a pulse wave signal, detects the rising edge of the received
signal, determines the interval between the current rising edge and the next rising edge as one cycle, and sends the
output to the low-pass filter G144. The low-pass filter G144 receives the output and outputs the resulting signal to the
VCO G145 to adjust the oscillating frequency thereof. The 1/1024 frequency divider G146 divides the one cycle of the
pulse wave signals into 1024 time periods and outputs a total of 1024 counts from counts 0 to 1023 to the timing generator
G147 during the one cycle, and returns the divided signal to the phase comparator G143 for synchronization with the
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pulse wave signal received by the phase comparator G143. Accordingly, the PLL locks a 1024-fold phase at the peaks,
shown in Fig. 46(d), of the speed pulse, and can output 1024 counts obtained by dividing one cycle of the received pulse
wave signals into 1024 time periods to the timing generator G147, as shown in Fig. 46(c). The timing of the second peak
of the speed pulse wave is shown in Fig. 46(e).

[0480] The timing generator G147 outputs a signal to the sample-hold circuit G148 in response to the counter output
from the frequency divider G146 in the PLL. If the counter output from the PLL indicates a certain number starting from
zero, for example, if a 10-bit counter indicates 300 (also referred to as "counter counts up to 300"), the timing generator
G147 directs the sample-hold circuit G148 to sample-hold the amplified pulse wave signal from the AGC G141 and
further send it to the logical circuit G149.

[0481] The logical circuit G149 evaluates the validity of the pressing force with reference to the received sample-held
signal and illuminates the LED G150 or G151, depending on the evaluation. As shown by the exemplary waveforms in
Figs. 46(f) to 46(h), the waveform of a pulse signal represented in the form of an acceleration pulse wave undergoes a
shift of the second peak of the acceleration pulse wave due to a variation in the TW waveform in the pulse waveform in
response to a variation in pressing force. Let the acceleration pulse wave depicted in Fig. 46(f) be generated at an
appropriate pressing force. For a stronger pressing force, the acceleration pulse wave has a second peak earlier than
that generated at an appropriate pressing force, as shown in Fig. 46(g). Conversely, for a weak pressing force, the
acceleration pulse wave has a second peak later than that generated at an appropriate pressing force, as shown in Fig.
46(h). Accordingly, the pressing force can be adjusted to obtain an optimal force in concert with a result of comparison
as below: The timing of the second peak is predetermined based on the peaks of an acceleration pulse wave acquired
at an appropriate pressing force. The predetermined timing is compared with the timing of the second peak from the
rising edge of the acceleration pulse wave of a pulse wave for which the pressing force is to be optimized. The validity
of the pressing force (high, moderate, or low) is evaluated based on the results of comparison.

[0482] In the above description, the amplified pulse wave signal from the AGC G141 is sample-held in the sample-
hold circuit G148 at count = 300 and is output to the logical circuit G149 for processing. Alternatively, the amplified pulse
wave signal may be sample-held at any timing that ensures an appropriate pressing force.

[0483] In the above description, one cycle between a peak and the next peak is divided into 1024 time periods.
Alternatively, one cycle may be divided into any number of time periods for subsequent signal processing by adjusting
the frequency divider G146.

[0484] Alternatively, the ratio of the second peaks to the first peaks of an acceleration pulse wave may be calculated
to optimize the pressing force such that the ratio remains constant.

[0485] The pressing force cannot be readily optimized with only one hand in some cases unless the user is accustomed
to such optimization during fine adjustments. The finger, corresponding to a finger touching the first opening and the
sensor, of the other hand is preferably used to support the touching finger for fine adjustment of the pressing force.

[l1-1-4. Example application of subject information detecting unit according to first embodiment]

[0486] An electric shaving device or an electric toothbrush device is known as an apparatus, including a battery G47
in a chassis G11 or G21, which is driven by power from the battery G47 and used together with a cradle G2 that can
support the chassis G11 or G21. The subject information detecting units G1, G3, G8, and G9 according to the first
embodiment of the present invention are applicable to such an electric apparatus having a grip.

[0487] Example applications of the subject information detecting units G1 and G3 according to the first embodiment
of the present invention to an electric shaving device and an electric toothbrush device will now be described. The electric
shaving device is simply referred to as an "electric shaver". The electric toothbrush device is simply referred to as an
"electric toothbrush".

<Example application to electric shaver>

[0488] An electric shaver available from Philips having a body (a body and a grip) is used as an example application
of the subject information detecting unit according to the first embodiment of the present invention.

[0489] The body G3 of the electric shaver was subjected to vibration proof treatment; one end of a cylinder to create
a cavity in the body G3 was affixed to the body G3 with an adhesive tape; an O-ring was attached to the other end of
the cylinder; and an ECM (SPM0408, available from KNOWLES) was mounted on the surface of the body in the cylinder.
[0490] Such a configuration allows the body of the electric shaver to function as a chassis, the cylinder and O-ring to
define the first opening G12, the surface of the body and the cylinder to define the first cavity G13 in communication
with the first opening G12, and the ECM mounted in the first cavity G13 to function as the first sensor G14.

[0491] A subject gripped the body of the electric shaver, such that a finger comes into contact with the O-rings of the
electric shaver mounted the ECM. Switching the power source of the electric shaver on and off, the subject shaved while
detecting pulsating signals from the fingertip.
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[0492] Fig. 47(a) illustrates the relationship between the frequency and the intensity of noise from the electric shaver.
Fig. 47(b) illustrates the volume pulse waveform of a pulsating signal detected from fingertips with the ECM. The left
andrightareas in Fig. 47(b) illustrate a pulse waveform acquired with the electric shaver powered on and off, respectively.
Fig. 47(c) illustrates the speed pulse waveform of a pulsating signal detected from the fingertips with the ECM. The left
andrightareas in Fig. 47(c) illustrate a pulse waveform acquired with the electric shaver powered on and off, respectively.
[0493] As shown in Figs. 47(b) and 47(c), the pulse waveforms acquired with the electric shaver powered on or off
can be band-separated from noise components of the electric shaver.

[0494] The electric shaver, which is an example application of the subject information detecting unit according to the
first embodiment of the present invention, is disposed on the cradle G2 when not used. This allows the battery G47 to
be charged in the contactless state and observed signals stored in the memorizing means G29 to be read and transmitted
from the subject information detecting units G1, G3, G8, and G9 to an external computer.

[0495] The cradle G2 of the subject information detecting units G1, G3, G8, and G9 may also serve as that of the
electric shaver.

<Example application to electric toothbrush>

[0496] Anelectric toothbrush G301 (available from TORAY)is used as an example application of the subject information
detecting unit according to the first embodiment of the present invention. As shown in Fig. 48, the electric toothbrush
G301 includes a body (a body and a grip) G311 and a brush G312. The body G301 includes operation buttons G313,
G314 and G315.

[0497] The body G311 of the electric toothbrush was subjected to vibration-proof treatment; one end of a cylinder
G321 to create a cavity below the middle of the body G311 was affixed to the body G311 with an adhesive tape; an O-
ring G322 was attached to the other end of the cylinder G321; and an ECM G323 (SPM0408, available from KNOWLES)
was mounted on the surface of the body G311 in the cylinder G311.

[0498] Such a configuration allows the body G311 of the electric toothbrush to function as the chassis G11 or G21,
the cylinder G321 and O-ring G322 to define the first opening G12, the surface of the body G311 and the cylinder G321
to define the first cavity G13 in communication with the first opening G12, and the ECM G323 mounted in the first cavity
G13 to function as the first sensor G14.

[0499] A subject gripped the body of the electric toothbrush such that a finger comes into contact with the O-rings
G322 of the electric toothbrush mounted the ECM. Switching the power source of the electric toothbrush on and off, the
subject detect pulsating signals from the fingertip.

[0500] Fig. 49(a) illustrates the relationship between the frequency and the intensity of noise in vibration components
of the electric toothbrush. Fig. 49(b) illustrates the volume pulse waveform of a pulsating signal detected by the ECM
from a fingertip with the electric toothbrush powered on. Fig. 49(c) illustrates the speed pulse waveform of a pulsating
signal detected by an ECM from a fingertip with the electric toothbrush powered on.

[0501] Asshownin Fig.49(c), a satisfactory speed pulse waveform was not available, due to contamination by vibration
components of the electric toothbrush. In contrast, as shown in Fig. 49(b), a satisfactory volume pulse waveform was
available, without contamination by the vibration components of the electric toothbrush.

[0502] The electric toothbrush, which is an example application of the subject information detecting unit according to
the first embodiment of the present invention, is disposed on the cradle G2 when not used. This allows the battery G47
to be charged in a contactless state and the observed signals stored in the memorizing means G29 to be read and
transmitted from the subject information detecting units G1, G3, G8, and G9 to an external computer.

[0503] The cradle G2 of the subject information detecting units G1, G3, G8, and G9 may also serve as that of the
electric toothbrush.

[l1-1-5. Advantageous effect of subject information detecting unit according to first embodiment]

[0504] The cylindrical or oval chassis G11 or G21 of the subject information detecting units G1, G3, G8, and G9
according to the first embodiment of the present invention allows a subject to grip the chassis G11 or G21 along its outer
shape. This allows the subject to grip the subject information detecting unit G1, G3, G8, or G9 stably and naturally without
applying excess force any time. More specifically, at the time of emergency, when a person felt something abnormal
immediately after meal or during sleep and has decided to use the subject information detecting unit, when the person
gropes for the subject information detecting unit in the darkness, or when the person gets up. In addition, the chassis
G11 or G21 requires only griping and does not require cumbersome fixation. This enables quick gripping of and more
stable application of gripping force to the subject information detecting unit G1, G3, G8, or G9, thus providing the subject
information detecting unit G1, G3, G8, or G9 capable of detecting pulsating signals more quickly and stably.

[0505] If the subject information detecting unit G1, G3, G8, or G9 is provided with the guide groove G15, a subject
grips the chassis G11 or G21 with the fingers G91 placed along the guide groove G15. Such grip stabilizes the position
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of fingers on the chassis G11 or G21 and prevents the dislocation of the fingers during the detection of pulsating signals.
This facilitates the griping of the subject information detecting unit G1, G3, G8 or G9 and the alignment of the finger G91
with the first opening G12 or the optical transmitter G23 disposed in the guide groove G15, thus providing the subject
information detecting unit G1, G3, G8, or G9 capable of more quick and stable detection of pulsating signals.

[0506] The subject information detecting unit G1 or G3 includes the first opening G12 defined at a portion on the
chassis G11 or G21 that faces the finger G91 of the hand gripping the chassis G11 or G21; the cavity G13 defines the
closed spatial structure (closed cavity) when the chassis G11 or G21 is gripped such that the first opening G12 faces
the finger G91; and the first sensor G14 detecting pulsating signals in a blood vessel in the finger G91 in the form of
pressure information propagating through the first opening G12 and the first cavity G13. Such a configuration can detect
the pulsating signals in the blood vessel even if the first sensor G14 does not reside immediately above a capillary or a
blood vessel, like the first embodiment. The subject information detecting unit G1 or G3 does not require an exact
positional relationship between the first sensor G14 and the blood vessel.

[0507] The subject information detecting unit G1 or G3 limits the diameter of the first opening G12 to a predetermined
size, thereby limiting the range of the pressure information received by the first opening G12, like the first embodiment.
This, in turn, limits the detectable range of the pressure sensor of the subject information detecting unit G1 or G3. Such
limitation provides a higher directivity (or spatial resolution) than sensing in an open state with a sensor, for example, a
piezoelectric element or microphone. Detection of pulsating signals near a blood vessel utilizing the high directivity of
the subject information detecting unit G1 or G3 can improve the signal-to-noise ratio and the sensitivity of a pulsating
signal.

[0508] If the first opening G12 or the optical transmitter G23 of the subject information detecting unit G1, G3, G8, or
G9 is the position that is in contact with the skin at a position corresponding to the finger joint of the finger G91, pulsation
can be detected at the finger joint where an artery runs. The pulse signals, which originate from the pulsation of the
artery itself, are relatively larger and more stable than those from a capillary, which are acquired when a sensor is put
into contact with the ball of a fingertip.

[0509] An electric apparatus, i.e., an electric shaver or an electric toothbrush, which is an example application of the
subject information detecting unit G1 or G3 according to the present invention, includes the chassis, functioning as a
grip of the electric apparatus, of the subject information detecting unit G1 or G3. This allows a subject to detect pulsating
signals during use of the electric apparatus, thus facilitating measurement of pulsating signals on a daily or regular basis.
[0510] The cradle of the subject information detecting unit G1 or G3 also functions as a cradle of the electric apparatus,
thus facilitating electrical charge and transfer of observed data.

[I1I-2. Description on second embodiment>>
[l1-2-1. Exemplary configuration of subject information detecting unit]

[0511] A subject information detecting unit G7 having a hand-grippable shape according to the second embodiment
has the same configuration as that of the subject information detecting units G1, G3, G8, and G9 according to the first
embodiment, other than several components. The same reference numerals are assigned to the same or similar com-
ponents as those of the above-mentioned subject information detecting unit without redundant description.

<Configuration of subject information detecting unit>

[0512] The subject information detecting unit G7 according to the second embodiment of the present invention, as
shown in Figs. 33(a), 33(b), 34(a), and 34(b), includes a cylindrical or oval chassis G11 or G21 and a first sensor G14.
[0513] The subject information detecting unit G7 according to the second embodiment of the present invention, as
shown in Figs. 33(a) and 33(b), preferably includes a first opening G12, a first cavity G13, and a pressure-sensitive
element G24 functioning as a first sensor G14 on the chassis G11 or G21. Alternatively, the chassis G11 or G21 of the
subject information detecting unit G7 according to the second embodiment of the present invention, as shown in Figs.
34(a) and 34(b), preferably includes a first light source G17, an optical transmitter G23, and a photo-sensitive element
G18 functioning as the first sensor G14 on the chassis G11 or G21.

[0514] The subject information detecting unit G7 according to the second embodiment of the present invention pref-
erably includes a guide groove G15 on the outer wall of the chassis G11 and G21. Each of the chassis G11 and G21
preferably includes a grip strength sensor G16.

[0515] The subject information detecting unit G7, as shown in Fig. 50, includes light sources G51 and G52 on the
chassis G11 or G21 and a second sensor G53 to define an oxygen saturation measuring means. Alternatively, the
subject information detecting unit G7, as shown in shown in Fig. 51, includes a second opening G62 in the chassis G11
or G21, a second cavity G63, an optical combining system G61, and third sensors G64 to constitute a blood-sugar level
measuring means. Alternatively, the subject information detecting unit G7 may include both of the oxygen saturation
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measuring means and the blood-sugar level measuring means.

[0516] The chassis G11 or G21 preferably includes a signal processor G101 processing signals detected by the first
sensor G14 and the grip strength sensor G16 (Fig. 52). The chassis G11 or G21 preferably includes a light emission
controller G201 that controls optical signals from the second light sources G51 and G52, or the optical combining system
G61 (Fig. 52).

(Signal processor)

[0517] The subject information detecting unit G7 preferably includes the signal processor G101. The signal processor
G101 is an electric circuit that processes the pulsating signals (pulse wave signals) detected by the first sensor G14,
the pressing force signals indicating the hand grip strength detected by the grip strength sensor G16, information on
oxygen saturation in a blood vessel detected by the second sensor G53, and information on vibrations originating from
optical signals from the optical combining system G31, the optical signals being detected by the third sensors G64 (Fig.
52). The signal processor G101 includes a polarity detector G102, a pressing force detector G103, and a pressing force
optimizer G104.

(Light emission controller)

[0518] The subject information detecting unit G7 according to the second embodiment of the present invention pref-
erably includes the light emission controller G201. The light emission controller G201 is an electric circuit that controls
optical signals emitted from the second light sources G51 and G52 or from the optical combining system G61 and controls
the signals detected at the second sensor G53 or the third sensors G64 (Fig. 52). The light emission controller G201,
which utilizes the pulse waves detected stably by the first sensor G14, measures an oxygen saturation and a blood-
sugar level at the timing as shown in Fig. 53.

<Oxygen saturation measuring means>

[0519] As shown in Fig. 50, the oxygen saturation detecting means includes second light sources G51 and G52 in a
chassis G11 or G21, a second sensor G53, a plate member G54, stick members G55a and G55b, and resilient members
G56a and G56b, such as springs.

[0520] The second sensor G53 is preferably disposed above the chassis G11 or G21 such that the second sensor
G53 faces the second light sources G51 and G52, and catches a finger G91 with the chassis G11 or G21. As shown in
Fig. 50, the chassis G11 or G21 according to this embodiment includes a pair of stick members G55a and G55b. The
pair of stick members G55a and G55b is disposed telescopically and generally perpendicularly to the outer surface of
the chassis G11 or G21. The plate member G54 is in contact with ends, remote from the chassis, of the stick members
G55a and G55b. The plate member G54 mounts the first sensor G53 thereon. The stick members G55a and G55b are
provided with the resilient members G56a and G56b, which utilizes resiliency to pull the plate member G54 and the first
sensor G53 towards the chassis G11 or G21. Such a configuration allows the finger G91 of the subject to be retained
between the plate member G54 and first sensor G53 and the chassis G11 by resiliency.

[0521] The oxygen saturation detecting means having such a configuration allows the second sensor G53 to detect
the optical signals emitted from the second light sources G51 and G52 and passing through the finger G91 where the
second sensor G53 faces the second light sources G51 and G52, thereby detecting information on oxygen saturation
in a blood vessel of the finger.

[0522] The second light sources G51 and G52 and the second sensor G53 are preferably disposed near the edge
G22 of the guide groove G15. More preferably, the second light sources G51 and G52 and the second sensor G53 are
disposed at a position facing the fingertip, and the first opening G12 or the optical transmitter G23 are disposed at a
portion facing the skin at a position corresponding to the first joint of the finger G91 of the hand.

(Second light source)

[0523] The second light sources G51 and G52, disposed in the chassis G11 or G21, emit optical signals capable of
passing through the finger G91. The second light sources G51 and G52 preferably emit optical signals intermittently.

Examples include a laser diode and a light emitting diode (LED).
[0524] In order to detect information on oxygen saturation in a blood vessel, the second light sources preferably emit

light having a first wavelength, which is readily absorbed by hemoglobin free from oxygen (reduced hemoglobin); and
light having a second wavelength, which is readily absorbed by hemoglobin combined with oxygen (oxygenated hemo-

58



10

15

20

25

30

35

40

45

50

55

EP 2 881 035 A1

globin), since the wavelength of absorbable light depends on the state of the hemoglobin associated with or released
from oxygen in the blood. The light having the first wavelength and the light having the second wavelength may be
respectively emitted from two light sources, the second light source-1 G51 and the second light source-2 G52. Alterna-
tively, two light sources capable of emitting light having the first wavelength and the light having the second wavelength
may be integrated into one chip. The wavelength of light from the second light source-1 G51 (the first wavelength) is
650 nm and the wavelength of light from the second light source-2 (the second wavelength) is, for example, 940 nm.

(Second sensor)

[0525] The second sensor G53, which is disposed above the chassis G11 or G21, receives optical signals emitted
from the second light sources G51 and G52 that pass through the finger G91 and detects information on oxygen saturation
in a blood vessel. The second sensor G53 is preferably a light sensor capable of receiving certain light, for example, a
photo-sensitive element or a photo detector. A photo diode, for example, a PIN photo diode and a PN junction photo-
diode, can be used.

[0526] In order to detect information on oxygen saturation in a blood vessel, the second sensor G53 preferably detects
the light having the first wavelength and the light having the second wavelength, since the wavelength of light absorbed
depends on the state of the hemoglobin associated with or released from oxygen in the blood, like the second light
sources. The second sensor G53 may include two sensors that can detect the light having the first wavelength and the
light having the second wavelength. For a combination of a first wavelength of 650 nm and a second wavelength of 940
nm, a single sensor may be used for detection because of the proximity of the wavelengths.

[0527] Reduced hemoglobin (Hb) absorbs much light around a red wavelength, while oxygenated hemoglobin (HbO,)
absorbs much light around an infrared wavelength. Let the output of the transmitted light having the first wavelength
(11) detected by the second sensor G53 be "A(L1)", and the output of the transmitted light having the second wavelength
(12) be "A(A2)" and the first wavelength be, for example, 650 nm and the second wavelength be, for example, 940 nm.
The ratio of the reduced hemoglobin to the oxygenated hemoglobin in the blood can be calculated from the ratio of
transmitted light "A(A1)" to transmitted light "A(A2)". This ratio is further used to calculate the rate of hemoglobin combined
with oxygen in the blood (oxygen saturation).

<Blood-sugar level measuring means>

[0528] As shown in Fig. 51, a blood-sugar level measuring means includes the second opening G62 in the chassis
G11 or G21, the second cavity G63, the optical combining system G61, and the third sensors G64.

(Second opening)

[0529] The second opening G62 is disposed in the external wall of the chassis G11 or G21 at a position facing the
subject G95 when the subject information detecting unit G7 is mounted on the subject G95. The second opening G62
is a position at which the chassis G11 or G21 of the subject information detecting unit G7 comes into contact with the
subject G95. The second opening G62 is covered with the subject G95 that comes into contact with the chassis G11 or
G21. The second opening G62 is in communication with the second cavity G63. An elastic O-ring G66, composed of
rubber or silicone, may be disposed around the second opening G62 such that the subject information detecting unit
G7 comes into contact with subject G95 through the O-ring G66 therebetween.

(Second cavity)

[0530] The second cavity G63, which is formed in the chassis G11 or G21 and in communication with the second
opening G62, defines a closed spatial structure together in a state where the chassis G11 mounted such that the second
opening G62 faces the subject G95. Such a closed spatial structure defined by the second cavity G63 is also referred
to as a "closed cavity". The second cavity G63 includes the third sensors G64.

(Optical combining system)

[0531] The optical combining system G61, which is disposed in the chassis G11 or G21, emits optical signals to the
subject G95 through the second cavity G63 and the second opening G62 in the chassis G11 or G21. The optical combining
system G61 emits optical signals in response to the signals from the light emission controller G61.

[0532] The optical combining system G61, which includes multiple light sources with different wavelengths, combines
light beams from the multiple light sources to output the combined light. The combined light emitted from the optical
combining system G61 is, as shown in Fig. 51, preferably condensed through an objective lens, and radiated on the
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subject G95 through the second cavity G63 and the second opening G62. Light from the multiple light sources may be
combined with, for example, a dichroic mirror.

[0533] The light sources in the optical combining system G61 preferably emit optical signals intermittently. Examples
include a laser diode and a light emitting diode (LED). If the optical combining system G61 includes laser diodes, the
laser diodes preferably function as pulse oscillators emitting pulsed light.

[0534] The optical combining system G61 includes light sources mainly emitting infrared light. Preferably, light sources
that emit light having a wavelength absorbed by a substance to be analyzed in the subject G95 are selected. For example,
if the concentration of glucose is measured in the blood vessels in a subject, light sources that emit optical signals having
a wavelength that maximizes the absorption of the C-H or O-H groups in glucose molecules are preferably used. The
infrared light may contain light having a near-infrared wavelength.

[0535] Besides the light sources that emit light having a wavelength absorbed by a substance to be analyzed, the
optical combining system G61 may preferably include light sources emitting visible light. The optical combining system
G61 preferably combines the light beams emitted from all these light sources and radiates the combined light toward
the subject G95. In the light sources emitting visible light used in optical combining system G61, the irradiated position
on the subject G95 serves as a target irradiated position of the optical combining system G61, which may be used as
a two-dimensional guide (pointer). The visible light may be lit constantly. Alternatively, it may be lit to facilitate the
determination of an irradiated position of the subject information detecting unit G7 only when infrared light is not emitted.
[0536] The optical combining system G61 according to this embodiment includes light sources emitting infrared light,
including near-infrared light, having six wavelengths from A5 to Ag and light sources emitting red visual light having a
wavelength Aq to measure the concentration of glucose in the blood (blood-sugar level). Since the optical combining
system G61 according to this embodiment does not require high light focusing of the objective lens, a single objective
lens is used to focus the light having 6 waveforms from L3 to Ag. Since the objective lens has a different transmissivity
for each wavelength, signals output from a light source must be converted depending on the transmissivity.

[0537] In order for optical signals to effectively act on a blood vessel immediately below the skin of the subject G95,
the optical combining system G61 is preferably disposed to face the second opening G62 in the chassis G11 or G21 so
that optical signals from the optical combining system G61 are perpendicularly incident on the second opening G62 and
the subject G95.

(Third sensor)

[0538] The third sensor G64 may be of any type that can detect signals deriving from the light emitted from the optical
combining system G61 (signals emitted in response to the light emitted from the optical combining system G61) and
perform optoacoustic spectrometry, preferably be a microphone, which electrically detects air vibrations (sound pressure
information) caused by vibrations of the skin of the subject G95, the vibrations of the skin originating from optical signals
from the optical combining system G61. A condenser microphone, one type of microphone, is particularly preferable
due to its high directivity, signal-to-noise ratio and sensitivity. An electret condenser microphone (ECM) can also be
suitably used. A MEMS-ECM, which is manufactured by microelectromechanical system (MEMS) technology, is also
preferred (hereinafter referred to as "MEMS-ECM").

[0539] The subject information detecting unit G7 according to this embodiment includes two third sensors G64a and
G64b in the chassis G11 or G21. The subject information detecting unit G7 should include at least one third sensor in
the chassis G11 or G21. Preferably, the subject information detecting unit G7 includes two or more third sensors to
improve the intensity of a detected pulsating signal and the signal-to-noise ratio. Preferably, the output signals are
obtained as signals originating from optical signals from the optical combining system G61 by accumulation of signals
captured by each third sensor.

[0540] The third sensors G64, if disposed in the subject information detecting unit G7, are preferably disposed in the
chassis G11 or G21 at the portions not affected by optical signals from the optical combining system G61. Such a
configuration can increase the intensity of the detected pulsating signals and the signal-to-noise ratio, without effect of
optical signals from the optical combining system G61.

[0541] If the third sensors G64 are used in the subject information detecting unit G7, MEMS-ECMs are preferably
used because their small sizes facilitate their implementation without a significant increase in the diameter of the second
opening G62. The MEMS-ECM, which has stable quality, ensures that a signal acquired by accumulating a signal
captured by each third sensor G41 also has stable quality even when multiple third sensors G41 are connected in parallel.

[l1-2-2. Functional configuration of subject information detecting unit according to second embodiment]
[0542] An exemplary functional configuration of the subject information detecting unit G7 according to the second

embodiment of the present invention is shown in Fig. 52. As shown in in Fig. 52, the subject information detecting unit
G7 includes the first sensor G14, the grip strength sensor G16, the polarity notifier G25, the grip strength notifier G26,
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the subject sensor G27, the subject notifier G28, the memorizing means G29, the clock G42, the GPS antenna G43,
the GPS processing circuit G44, the body temperature detecting means G45, the ambient temperature detecting means
G46, the battery G47, the second light sources G51 and G52, the second sensor G53, the optical combining system
G61, the third sensors G64, the signal processor G101, and the light emission controller G201. The signal processor
G101 includes the polarity detector G102, the pressing force detector G103, and the pressing force optimizer G104.
[0543] The first sensor G14 detects pressure information deriving from pulsating signals or optical signals. The grip
strength sensor G16 detects pressing force information deriving from grip strength. The signals detected by the first
sensor G14 and the grip strength sensor G16 are sent to the signal processor G101. The polarity detector G102, the
pressing force detector G103, and the pressing force optimizer G104 process the signal. In response to a signal from
the signal processor, the light emission controller G201 controls such that the second light sources G51 and G52, and
the optical combining system G61 emit optical signals, the second sensor G53 detects the optical signals, transmitted
light through the finger, from the second light sources G51 and G52, the third sensors G64 detects the signals emitted
in response to the optical signals from the optical combining system G61. The signals detected by the second sensor
G53 and the third sensors G64 are sent to the light emission controller G201 for processing.

[11-2-3. Operation of subject information detecting unit according to second embodiment]

[0544] An exemplary operation of the subject information detecting unit G7 according to the second embodiment of
the present invention will now be described.

<Detection of pulsating signals and pressing force>

[0545] Like the subject information detecting unit according to the first embodiment, the chassis G11 or G21 is gripped
with a hand while the fingertips of the finger G91 of the subject are being pressed against the chassis such that the ball
G92 of a finger between the fingertip and the first joint comes into contact with the first opening G12 such that the first
cavity G13 defines a closed spatial structure (closed cavity). In this configuration, the first sensor G14 disposed in the
first opening G12 detects pulse waves (pulsating signals) from a microscopic blood vessel or capillary at the fingertip in
the form of pressure information. The grip strength sensor G16 disposed around the first opening G12 detects the hand
grip strength as pressing force (pressing force signal) applied when the fingers are pressed against the grip strength
sensor G16.

<Detection of information on oxygen saturation and calculation of oxygen saturation>

[0546] As shown in Fig. 50, the subject information detecting unit G7 is mounted on the finger G91 of the subject such
that the second light source-1 G51 and the second light source-2 G52 are positioned on the ball G92 at a fingertip and
the second sensor G53 is positioned on a nail G93 at the fingertip so as to dispose the finger G91 between the second
lights G51 and G52 and the second sensor G53. In this configuration, the second light source-1 G51 and the second
light source-2 G52 of the subject information detecting unit G7 emit optical signals capable of passing through the finger,
and the second sensor G53 receives the optical signals, detects information on oxygen saturation in a blood vessel,
and calculates oxygen saturation. Thus, the second light source-1 G51 and the second light source-2 G52 and the
second sensor G53 function as a pulse oximeter.

[0547] The oxygen saturation may be calculated in the signal processor in the subject information detecting unit.
Alternatively, the signals obtained from the second sensor G53 may be stored in the memorizing means G29 and
transmitted from the memorizing means G29 to an external computer for signal processing.

<Calculation of blood-sugar level>

[0548] As shown in Fig. 51, the subject information detecting unit G7 is mounted such that optical signals from the
optical combining system G61 can reach the subject G95. The subject G95 preferably comes into contact with a portion
where optical signals from the optical combining system G61 can reach a blood vessel. For example, the palm of a hand
can be suitably used. The measurementis preferably performed while the subject information detecting unit G7 is gripped
with a hand. When optical signals are emitted from the optical combining system G61 in the subject information detecting
unit G7, a substance in a blood vessel in the subject G95 is affected by the optical signals of the optical combining
system G61 to cause vibrations. The vibrations propagate through the second opening G62 and the second cavity G63
in the form of pressure information. The pressure information is detected by the third sensors G64 and used for calculation
of a blood-sugar level. Such non-invasive photoacoustic spectrometry can be used to calculate the blood-sugar level.

[0549] The blood-sugar level may be calculated in the signal processor in the subject information detecting unit.
Alternatively, the signals obtained from the third sensor G64 may be stored in the memorizing means G29 and is
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transmitted from the memorizing means G29 to an external computer for signal processing.
<Control of signal by light emission controller>

[0550] The light emission controller G201 controls the output of light having a wavelength of ., from the second light
source-1 G51, light having a wavelength of A, from the second light source-2 G52, and light having wavelengths from
A3 to g from the optical combining system G61 and the detection of light at the second sensor G53 and the third sensors
G64. Such control is preferably performed as shown in Fig. 53.

[0551] The subject information detecting unit G7 according to the second embodiment of the present invention utilizes
the pulse waves detected by the first sensor G14 to process signals at the count shown in Fig. 53 for the measurement
of oxygen saturation and a blood-sugar level.

[0552] As shown in Fig. 53(a), a pulse wave signal detected by the first sensor has one cycle from a rising edge to
the next rising edge. The one cycle detected in the pulse wave signal is divided into 1024 time periods, that is, one cycle
has a total of 1024 counts from counts 0 to 1023. Control is performed based on the counts in one cycle of the pulse wave.
[0553] With reference to Figs. 53(b1) to 53(b8), the output of optical signals from the second light source-1 G51 and
the second light source-2 G52, and the control of detection of the signals at the second sensor G53 for the measurement
of oxygen saturation will now be descried.

[0554] As shown in Fig. 53(b1), at count = 882, light 1,0n having a wavelength of A, is emitted from the second light
source-1 G51 (LED). In response to the light emitted from the second light source-1 G51, as shown in Fig. 53(b3), at
count = 882, the second sensor G53 detects an amount of transmitted light having a wavelength of A from the second
light source-1 as a signal A having a waveform of a transmitted light signal having a wavelength of A, and sends the
detected signal A4 to the light emission controller G201. As shown in Fig. 53(b5), at count = 883, the light emission
controller G201 outputs a sampling pulse A4S for the transmitted light signal having a wavelength of . In response to
the sampling pulse A4S, as shown in Fig. 53(b7), at count = 883, the signal A, having a waveform of a transmitted signal
having a wavelength of A is sample-held. In response to the sample holding, the sampling result 14A of the transmitted
light signal having a wavelength of A is output from the light emission controller G201 as a signal indicating the amount
of transmitted light having a wavelength of A, from the second light source-1 for calculation of oxygen saturation.
[0555] Meanwhile, as shown in Fig. 53(b2), at count = 883, light A,0n having a wavelength of A, is emitted from the
second light source-2 G52 (LED). In response to the light emitted from the second light source-2 G52, as shown in Fig.
53(b4), at count = 883, the second sensor G53 detects an amount of transmitted light having a wavelength of A, from
the second light source-2 as a signal A, having a waveform of a transmitted light signal having a wavelength of A, and
sends the detected transmitted light signal A, to the light emission controller G201. As shown in Fig. 53(b6), at count =
884, the light emission controller G201 outputs a sampling pulse 1,S for the transmitted light signal having a wavelength
of A,. In response to the sampling pulse A,S, as shown in Fig. 53(b8), at count = 884, the signal A, having a waveform
of a transmitted signal having a wavelength of &, is sample-held. In response to the sample holding, the sampling result
A A of the transmitted light signal having a wavelength of A, is output from the light emission controller G201 as a signal
indicating the amount of transmitted light having a wavelength of A, from the second light source-2 for calculation of
oxygen saturation.

[0556] As described above, oxygen saturation can be measured as follows: Output of optical signals from the second
light source-1 G51 and from the second light source-2 G52 and detection of signals by the second sensor G53 are
controlled, and the transmitted light signal is each sample-held as one value every pulse wave, and the amount of the
transmitted light having a wavelength of 1.4 from the second light source-1 and the amount of transmitted light having a
wavelength of &, from the second light source-2 is measured to calculate the oxygen saturation.

[0557] With reference to Figs. 53(c1) to 53(c24), the control of optical signals output from the optical combining system
G61 and the detection of signals by the third sensors G64 when measuring a blood-sugar level will now be described.
[0558] As shown in Fig. 53(c1), at count = 884, light A30n having a wavelength of A5 is emitted from the light source
in the optical combining system G61 (LD), which emits light having a wavelength of A5. In response to the light emitted
from the optical combining system G61, as shown in Fig. 53(c7), at count = 884, the third sensors G64 detects a signal
deriving from the optical signal having a wavelength of 1.5 from the optical combining system G61 as a signal Az having
a waveform of optical signal having a wavelength of A5 and sends the detected signal A5 to the light emission controller
G201. As shown in Fig. 53(c13), at count = 885, the light emission controller G201 outputs a sampling pulse 23S for the
signal deriving from the optical signal having a wavelength of 5. In response to the sampling pulse 13S, as shown in
Fig. 53(b19), at count = 885, the signal deriving from the optical signal A5 having a wavelength of L5 is sample-held. In
response to the sample holding, the sampling result A;A of the signal deriving from the optical signal having a wavelength
of A3 is output from the light emission controller G201 as the signal deriving from the optical signal having a wavelength
of A3 from the optical combining system 61 for calculation of a blood-sugar level.

[0559] The light sources emitting light having wavelengths from 14 to Ag in the optical combining system G61 and the
third sensors G64 can be controlled in the same manner as the light source emitting light having a wavelength of A5 in
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the optical combining system G61 and the third sensors G64 to calculate a blood-sugar level. More specifically, as shown
in Figs. 53(c2) to 53(c6) and Figs. 53(c8) to 53(c12), the timing of emitting light having wavelengths from A, to Ag from
each light source is shifted by one count from the timing of emitting the optical light having a wavelength 25 to 885, 886,
887, 888, and 889. As shown in Figs. 53(c14) to (c18) and Figs. 53(c20) to 53(c24), the timing of sample-holding each
electrical signal deriving from the optical signal from each light source is shifted by one count from the timing of sample-
holding the signal deriving from the optical signal having a wavelength A5 to 886, 887, 888, 889, and 890. The detected
signal is each sample-held as one value every pulse wave..All of this control allows the signals deriving from the optical
signals having wavelengths from 2, to Ag from the optical combining system G61 to be measured to obtain a blood-
sugar level.

[0560] In the above description, the generation of optical signals at the counts from 802 to 809 is described as an
exemplary sequential control. Such generation and control of signals may be performed at any timing that can avoid the
effect of pulsation from a pulse wave. Pulsation significantly affects the calculation of oxygen saturation immediately
after the rising edge of a peak of a speed pulse wave. Thus, signal processing is preferably performed at timing with a
reduced variation in a speed pulse wave and at the same phase between a peak and the next peak during one cycle.
Alternatively, signal processing may be performed at timing with a reduced variation in a speed pulse wave during one
cycle from a peak to the next peak.

[0561] In the above description, one cycle between a peak and the next peak is divided into 1024 time periods.
Alternatively, one cycle may be divided into any number of time periods for signal processing.

[0562] The above signal processing allows bloodstream (pulse waves) to be sampled at the same phase, thereby
alleviating the effect of a pulse wave on the calculation of oxygen saturation and a blood-sugar level. The generation of
a timing signal based on a pulsating signal detected by the first sensor G14 and the control of the timing of emitting
optical signals from light sources and sampling the signals in the sensor can alleviate the effect of pulse waves on the
calculation of oxygen saturation and a blood-sugar level. The control of output of optical signals from the light sources
and timing of detection by the sensor enables a single sensor to detect signals from multiple light sources.

[0563] The signals indicating the amount of transmitted light having a wavelength of &, from the second light source-
1 and the amount of transmitted light having a wavelength of A, from the second light source-2, and the signals deriving
from the optical signals having wavelengths from A5 to Ag, measured by the light emission controller, may be processed
in a calculator in the subject information detecting unit G7 to calculate oxygen saturation and a blood-sugar level.
Alternatively, these signals may be sent to an external computer for calculation of oxygen saturation and a blood-sugar
level.

[lI-2-4. Example application of subject information detecting unit according to second embodiment]

[0564] The subject information detecting unit G7 according to the second embodiment of the present invention is
applicable to an electric apparatus having a grip, such as an electric shaving device or an electric toothbrush device.
[0565] The cradle G2 of the subject information detecting unit G7 may also serve as that of the electric shaving device
or the electric toothbrush device.

[l1-2-5. Advantageous effect of subject information detecting unit according to second embodiment]

[0566] Besides the advantageous effect of the first embodiment, the subject information detecting unit G7 according
to the second embodiment of the present invention, which includes the first sensor G14, the second light sources G51
and G52, and the second sensor G53, can obtain pulse waves and measure oxygen saturation. The subject information
detecting unit G7, which includes the first sensor G14, the optical combining system G61, the second opening G62, the
second cavity G63, and the third sensors G64, can obtain pulse waves and measure a blood-sugar level. The first sensor
G21 generates timing signals from the detected pulsating signals to control signals. The generation of a timing based
on a pulsating signal detected by the first sensor G21 and the control of the signals alleviates the effect of pulse waves
on measurement of oxygen saturation and a blood-sugar level.

[11I-3. Additional features]

[0567] In the above description, the pulsating signals and the pressing force signals are processed in the analog
circuits in the subject information detecting unit. Alternatively, such signals may be processed with a digital circuit.
Examples of such digital circuits include a digital signal processor (DSP).

[0568] The signals detected by the first sensor, the grip strength sensor, the second sensor, and third sensors may
be output to a computer via an external A/D converter for processing signals with a CPU.
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(Processing of pulsating signals)

[0569] The pulsating signals detected by the hand-grippable subject information detecting unit G1, G3, G8, or G9
according to the presentinvention may undergo the signal processing described in connection with the subject information
detecting unit including a film member and a subject information processing device according to the first aspect of the
present invention; the subject information detecting device and subject information processing device mountable on an
external ear according to the fourth aspect of the present invention; the subject information processing device that
performs subtraction according to the fifth aspect of the present invention; or the subject information processing device
that extracts respiration signals according to the sixth aspect of the present invention. For example, a pulsating signal
detected by the subject information detecting unit G1, G3, G8, or G9 may undergo frequency correction to retrieve one
signal among pulsatile volume, speed and acceleration signals. Alternatively, a pulsating signal detected by the subject
information detecting unit F1 may undergo frequency demodulation to extract a respiration signal contained in the
pulsating signal as a modulated component.

[IV. Subject information detecting device and subject information processing device mountable on external ear]

[0570] The subject information detecting device and subject information processing device mountable on an external
ear according to the fourth aspect of the present invention will now be described. The fourth aspect of the present
invention is referred to as "the present invention".

[0571] With reference to drawings, the subject information detecting device and subject information processing device
mountable on an external ear according to the present invention will now be described.

[IV-1. Description of first embodiment]
[IV-1-1. Exemplary configuration of subject information detecting device and subject information processing device]

[0572] An exemplary subject information detecting device E1 mountable on an external ear according to the first
embodiment of the present invention includes, as shown in Figs. 54 and 55, a chassis E11 and a first sensor E12
disposed in the chassis E11.

[0573] An exemplary subject information processing device E2 mountable on an external ear according to the first
embodiment of the present invention includes, as shown in Fig. 55, the subject information detecting device E1, a
waveform equalizer E112 and a first signal processor E113.

[0574] The configuration of the subject information detecting device E1 and the subject information processing device
E2 according to the first embodiment of the present invention and the configuration of each section will now be described
in detail.

<Configuration of subject information detecting device>

[0575] Anexemplary subjectinformation detecting device E1 according to the first embodiment of the present invention
includes the chassis E11 which blocks an external opening E92 in an ear canal E91, as shown in Figs. 54 and 55, and
a first sensor E12, disposed in the chassis E11, to detect pulsating signals in a blood vessel.

[0576] Fig. 54 is a schematic view of the relationship between the subject information detecting device according to
the first embodiment of the present invention and an external ear. Fig. 54 illustrates the structure of a human ear. The
human ear includes the inner ear, having the cochlea and the semicircular canal and connecting to the vestibular nerve
and the cochlea nerve; the middle ear, at the back of the eardrum E93, having the auditory ossicle and the auditory
tube; and an external ear E94, having the ear canal E91 and the auricle E95.

(Chassis)

[0577] As shown in Fig. 54, the chassis E11 is mountable on the external ear E94 of the subject E90 so as to block
the external opening E92 of the ear canal E91 of the subject E90 to form the ear canal E91 into a cavity E96 having a
closed or substantially closed spatial structure. The chassis E11 includes the first sensor E12, as shown in Fig. 54.

[0578] The chassis E11 may have any shape, size and material that can block the external opening E92, which is
near the portion open to the outside in the ear canal E91. In order to mount chassis E11 on the external ear E94 of the
subject E90 so as to block the external opening E92 of the ear canal E91 of the subject E90 to form the ear canal E91
into the cavity E96 having a closed or substantially closed spatial structure, as shown in Fig. 54, the chassis E11 preferably
has a cylindrical, doomed, cannonball, or bell shape. Such a shape allows the cylindrical, or doomed, cannonball, or
bell-shaped chassis E11 to effectively block the external opening E92 in accordance with the diameter, flaring from the
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summit E16 to the bottom E17, of the chassis E11 when the chassis E11 is inserted into the ear canal E91 such that
the summit E16 of the chassis E11 is oriented towards the back of the ear canal E91.

[0579] The chassis E11 preferably has a size that can block the external opening E92 when the cylindrical, or doomed,
cannonball, or bell-shaped summit E16 is inserted into the ear canal E91. Preferably, the circumferential diameter of
the chassis E11 is generally the same size as the inner diameter of the external opening E92 of the ear canal E91. This
configuration allows the chassis E11 to effectively block the external opening E92.

[0580] The chassis E11 is preferably composed of an elastic material, for example, rubber or silicone rubber. The
chassis E11 is preferably elastic enough to deform in accordance with the inner shape of the external opening E92 of
the ear canal E91 to block the external opening E92. Such material allows the chassis E11 to block the external opening
E92 in accordance with the shape of the ear canal E91. The chassis E11 having such a configuration is an ear piece
E13 used in an in-ear-canal earphone as shown in Fig. 54.

[0581] As shown in Fig. 54, the chassis E11 preferably includes a concave E14 that defines a cylindrical space. The
concave E14 preferably has an opening around the center of the cylindrical, or doomed, cannonball, or bell-shaped
summit E16, and extends toward the inside of the chassis E11. The concave E14 preferably has an opening E15 that
allows the summit E16 to communicate with the bottom E17 of the chassis E11. Afirst sensor E12 is preferably disposed
at the opening E15 of the ear piece E13 so as to block the opening E15. This allows the first sensor E12 to detect
pulsating signals in a blood vessel through the opening E15 when the chassis blocks the external opening E92.

(Cavity)

[0582] As shown in Fig. 54, the ear canal E91, the eardrum E93, and the chassis E11 form the ear canal E91 into the
cavity E96 having a closed or substantially closed spatial structure when the chassis E11 blocks the external opening
E92 of the ear canal E91 of the subject E90. The closed spatial structure defined by the cavity E96 is also referred to
as a "closed cavity". The first sensor E12, which is disposed at the opening E15 of the chassis E11, allows the chassis
E11 and the first sensor E12 to block the external opening E92 and thus allows the ear canal E91, the eardrum E93,
the chassis E11, and the first sensor E12 to define the cavity E96.

[0583] The blockage of the external opening E92 by the chassis E11 enables the ear canal E91 to define a closed
spatial structure, as described above. Unfortunately, body hair in the ear canal E91, for example, which creates a gap
between the chassis E11 and the ear canal E91, may prevent the complete physical sealing of the ear canal E91. If the
blockage of the external opening E92 by the chassis E11 makes the ear canal E91 a completely sealed spatial structure,
the ear canal E91 can be described as a closed spatial structure. In contrast, if the blockage of the external opening
E92 by the chassis E11 cannot make the ear canal E91 a completely sealed spatial structure due to the body hair, the
ear canal E91 can be described as a substantially closed spatial structure.

(First sensor)

[0584] As shown in Fig. 54, the first sensor E12, which is disposed in the chassis E11, detects pulsating signals in a
blood vessel in the ear canal E91. The pulsating signals are detected in the form of pressure information deriving from
the pulsating signals and propagating through the cavity E96.

[0585] As shown in Fig. 54, the first sensor E12 is preferably disposed so as to block the opening E14 of the chassis
E11. The ear canal E91, the eardrum E93, the chassis E11, and the first sensor E12 preferably form the canal E91 into
a closed or substantially closed spatial structure.

[0586] When vibrations in a blood vessel in the ear canal E91 propagate to the first sensor E12 through the cavity
E96 and the opening E14, the first sensor E12 detects pulsating signals in the blood vessel in the ear canal E91 in the
form of pressure information deriving from the pulsating signals propagating through the cavity E96. The pulsating signals
detected by the first sensor E12 includes signals deriving from pulsation in the blood vessel, signals deriving from
respiration vibrations, sounds when the upper and lower teeth comes into contact with each other, and sounds when a
subject speaks.

[0587] The first sensor E12 may be of any type capable of detecting pulsating signals in a blood vessel in the ear
canal E91, preferably be a pressure-sensitive element, such as a microphone or piezoelectric element, which electrically
detects air vibrations (sound pressure information) caused by vibrations of the skin of the ear canal E91 or the eardrum,
the vibrations originating from pulsation in a blood vessel in the ear canal E91. Examples of the microphone include
condenser microphones, dynamic microphones, and balanced armature microphones. Condenser microphones are
particularly preferable in terms of a high directivity, signal-to-noise ratio, and sensitivity. An electret condenser microphone
(ECM) can also be suitably used. A MEMS-ECM, which is manufactured by microelectromechanical system (MEMS)
technology, is also preferred (hereinafter referred to as "MEMS-ECM"). A PZT piezoelectric element composed of lead
zirconate titanate (also referred to as "PZT") can be suitably used as a piezoelectric element since the PZT piezoelectric
element, composed of ceramic, exhibits high piezoelectric conversion. The first sensor E12 may be a dynamic speaker.
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[0588] The blood vessel in the ear canal E91 is a blood vessel residing in the ear canal E91 or the eardrum E93.
<Configuration of subject information processing device>

[0589] An exemplary subject information processing device E2 according to the first embodiment of the present in-
vention, as shown in Fig. 55, includes the subject information detecting device E1, a waveform equalizer E112 that
performs waveform equalization on signals from the first sensor E12, and a first signal processor E113 that extracts
pulse wave information or respiration information of the subject from the signals processed in the waveform equalizer
E112. The subject information processing device E2 may include a frequency corrector E111.

[0590] The subject information processing device E2 may be integrated with the subject information detecting device
E1, or may be physically separated from the subject information detecting device E1 but electrically connected therewith
through a wireless or wired network.

(Frequency corrector)

[0591] The frequency corrector E111 is an electric circuit that performs frequency correction on pulsating signals
output from the first sensor E12 of the subject information detecting device E1 to perform at least one operation of an
amplification operation, an integral operation, and a differential operation with the frequency of the pulsating signals.
The frequency corrector E111 outputs the frequency-corrected signals to the waveform equalizer E112.

(Waveform equalizer)

[0592] The waveform equalizer E112 is an electric circuit that performs waveform equalization on signals output from
the first sensor E12 of the subject information detecting device E1 to compensate for the degradation of frequency
characteristics in the pulse wave detecting bandwidth due to the ear canal E91 not completely sealed. Alternatively, the
waveform equalizer E112 may perform waveform equalization on signals frequency-corrected in the frequency corrector
E111. The waveform equalizer E112 outputs waveform-equalized signals to the first signal processor E113.

(First signal processor)

[0593] The first signal processor E113 is an electric circuit that processes the signals from the waveform equalizer
E112 to extract pulse wave information or respiration information of the subject from the signals. The extraction of the
pulse wave information or respiration information of the subject is performed through frequency demodulation. The
frequency demodulation uses a phase-locked loop (PLL) to extract a respiration signal contained in pulsating signals
as a modulated component. The extraction of the pulse wave information or respiration information of the subject in the
first signal processor E113 is also referred to as extraction.

[0594] The first signal processor E113 is also referred to as an extractor.

[0595] The pulse wave information according to this embodiment is a signal indicating vibrations originating from
pulsation of the heart of the subject E90. The pulse wave information should preferably be pure pulsating signals based
on pulsating signals detected from a blood vessel in the ear canal E91 from which signals other than the pulse wave
information are removed. The pulse wave information includes, for example, volume, speed, and acceleration pulse
wave signals.

[0596] The respiration information represents a signal that indicates a respiration state when the subject EQ0 respires.

[IV-1-2. Frequency characteristics and signal processing]

[0597] The first sensor E12 of the subject information detecting device E1 according to the present invention detects
pulsating signals in a blood vessel in the ear canal E91. The frequency corrector E111 of the subjectinformation processing
device E2 of the present invention performs frequency correction on signals from the first sensor E12. The waveform
equalizer E112 performs waveform equalization on signals from the first sensor E12 or signal from the frequency corrector
E111. The first signal processor E113 performs frequency demodulation to extract pulse wave information or respiration
information from the subject E90.

[0598] The pulsating signals according to the present invention are detected by the first sensor E12 in a state where
the ear canal E91 defines a closed or substantially closed "closed cavity". The detected pulsating signals are affected
by the characteristics of the first sensor and by the sealing level of the ear canal.

[0599] In order to extract pulse wave information or respiration information from the pulsating signals detected by the
first sensor E12, the signal processing in the subject information processing device E2 preferably includes frequency
correction or waveform equalization that takes into account frequency response in a closed cavity, the characteristics
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of the first sensor, and the sealing level of the ear canal.

[0600] The definition of a closed cavity and frequency response, the frequency characteristics of the first sensor, the
sealing level and the frequency characteristics of the ear canal, and relationship between frequency characteristics and
signal processing will now be described.

[IV-1-3. Definition of closed cavity and frequency response]
<Frequency response in opened or closed state>

[0601] The firstsensor E12 of the subject information detecting device E1 according to the presentinvention measures
a pulsating signal originating from pulsation of a blood vessel not in an open state, but a closed state in terms of the
relationship between the first sensor E12 and a vibration source. More specifically, the measurement is performed after
the ear canal E91, the eardrum E93, the chassis E11, and the first sensor E12 define a closed spatial structure (closed
cavity), that is, the first sensor E12 and the source of vibration are in a closed state.

[0602] To clarify the difference in measuring conditions between the open and closed states, a difference in frequency
response between the opened and closed states will now be described using a dynamic microphone as the first sensor
E12.

[0603] The difference in frequency response between the open and closed states when a dynamic microphone is used
as the first sensor E12 in the subject information detecting device E1 and the subject information processing device E2
according to this embodiment is similar to that when a dynamic microphone is used as the sensor 131 in the subject
information detecting unit 11 and the subject information processing device 13, which is described with reference to Figs.
11 and 12.

[0604] Changes in frequency response when a condenser microphone or balanced armature microphone is used as
the first sensor E12 in the subject information detecting device E1 and the subject information processing device E2
according to this embodiment are also similar to those when a condenser microphone or balanced armature microphone
is used as the sensor 131 in the subject information detecting unit 11 and the subject information processing device 13.
[0605] When a dynamic, condenser, or balanced armature microphone is used as the first sensor E12, the subject
information detecting device E1 and the subject information processing device E2 according to this embodiment can
receive pressure information deriving from pulsating signals around 1 Hz in the subject E90 and detect the pulsating
signals at high sensitivity, which was not available from any conventional sensor detecting in an open state. Such
measurement utilizes changes in frequency response or an increase in signal level due to the defined closed cavity.
The subjectinformation detecting device E1 and the subjectinformation processing device E2 can also detect arespiration
signal from pulsating signals around 1 Hz in the subject E90.

<Definition of closed cavity and detection of pulsating signals>

[0606] When a microphone is used as the first sensor to capture the vibration (pulsating signals) of a blood vessel
originating from the heart, such pulsating signals are preferably detected as changes in pressure in a closed structure
defined by the cavity E96 in order for the first sensor E12 to respond with the frequency characteristics as shown in Fig.
12. To enable such detection, the subject information detecting device E1 is mounted on the subject E90 by inserting
the chassis E11 of the subject information detecting device E1 into the ear canal E91 in the subject E90 to block the
external opening E92 in the ear canal E91 such that the ear canal E91, the eardrum E93, the chassis E11, and the first
sensor E12 form the ear canal E91 into the cavity E96 having a closed or substantially closed spatial structure. It is
expected that this allow the subject information detecting device E1 of the present invention to detect signals having
frequency characteristics of enhanced frequency response, as shown in Fig. 12, in the low frequency region.

[IV-1-4. Frequency characteristics of first sensor and frequency correction of first sensor]
<Frequency characteristics of first sensor>

[0607] The frequency characteristics of a dynamic microphone or a condenser microphone used as the first sensor
E12 in the subject information detecting device E1 and the subject information processing device E2 according to this
embodiment are similar to those of a dynamic microphone or a condenser microphone used as the sensor 131 in the
subject information detecting unit 11 and the subject information processing device I3.

[0608] The frequency characteristics in a low frequency region of 100 Hz or less obtained when a dynamic microphone
or a condenser microphone used as the first sensor E12 in the subject information detecting device E1 and the subject
information processing device E2 according to this embodiment defines a closed cavity are similar to those in the low
frequency region of 100 Hz or less obtained when a dynamic microphone or a condenser microphone used as the sensor
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131 in the subject information detecting unit 11 and the subject information processing device 13 defines a closed cavity,
described with reference to Fig. 13(a).

[0609] The frequency characteristics in the low frequency region of 100 Hz or less obtained when the first sensor E12
of adynamic headphone or a MEMS-ECM defines a closed cavity are depicted as shown in Fig. 56(a), where a logarithmic
frequency (Hz) scale is on the horizontal axis and a signal gain (dB) is on the vertical axis.

<Frequency correction>

[0610] The frequency correction on pulsating signal output when the first sensor E12 of a dynamic headphone or a
MEMS-ECM is used is similar to that when a MEMS-ECM sensor 131 is used in the subject information detecting unit
11 and the subject information processing device 13, described with reference to the Figs. 6 and 14.

[0611] In this embodiment, in particular, a volume pulse wave is preferably acquired through an integral operation in
the range of 100 Hz or less.

[0612] Asshownin Fig.56(a), the output (observed data) from a dynamic headphones ora MEMS-ECM, which exhibits
a reduction in sensitivity by 20dB/dec toward a lower frequency range, is acquired as a speed pulse wave (also referred
to as a pulsatile speed signal). Accordingly, a speed pulse waves can be acquired if no frequency correction is performed
during the detection of a signal with a dynamic headphones or a MEMS-ECM in a defined closed cavity.

[0613] To acquire a pulse wave (volume pulse wave) output from a dynamic headphones or a MEMS-ECM, frequency
correction is performed to allow the output to pass through the electric circuit that exhibits the frequency response shown
in Fig. 56(b).

[0614] More specifically, the pulsating signal output from the dynamic headphones or the MEMS-ECM is allowed to
pass through an electric circuit having frequency response of reduced gain at -20dB/dec in the range of a significantly
low frequency to 100 Hz and a flat frequency response in the frequency region higher than 100 Hz to acquire (volume)
pulse waves. The total frequency characteristics after passing through such a circuit are shown in Fig. 56(c). The volume
pulse wave shown in Fig. 56(c) has no change in gain (0 dB/dec) in response to a change in frequency, and exhibits
flat frequency characteristics that generate volume pulse waves around the frequency of the pulse waves.

[0615] In contrast, the output from the dynamic headphones or the MEMS-ECM is allowed to pass through an electric
circuit having frequency response of increased gain at 20dB/dec in the range of a significantly low frequency to 100 Hz
and a flat frequency response in the frequency region higher than 100 Hz to acquire an acceleration pulse wave. No
correction on the MEMS-ECM output results in a speed pulse wave.

[0616] Itis preferred in this embodimentthata pulsating signal detected by the first sensor E12 of a dynamic headphone
or MEMS-ECM, which has frequency characteristics of a speed pulse wave that exhibits a reduction in sensitivity by
20dB/dec toward a lower frequency range, as shown in Fig. 56(a), undergoes frequency correction to acquire a (volume)
pulse wave, which has flat frequency characteristics with no change in gain (0 dB/dec) in response to changes in
frequency, as shown in Fig. 56(c). Such frequency correction enhances the frequency response in the low frequency
region of pulse waves around 1 Hz. More specifically, the above frequency correction is to allow the detected pulsating
signal to pass through an electric circuit having frequency response of reduced gain at -20dB/dec in the range of a
significantly low frequency to 100 Hz and a flat frequency response in the frequency region higher than 100 Hz, as shown
in Fig. 56(b).

[IV-1-5. Sealing level of ear canal and frequency characteristics and waveform equalization]
<Sealing level of ear canal and frequency characteristics, and waveform equalization>

[0617] In view of the above-mentioned frequency response when the dynamic microphone is used to define a closed
cavity, and the frequency response when the condenser microphone is used, a pulse wave compensated for frequency
characteristics in the low frequency region seems to be acquired as follows: The subject information detecting device
E1 is used to detect pulsating signals in a state where the ear canal E91 forms a closed or substantially closed "closed
cavity"; in such a configuration, the pulsating signals, which are detected by the first sensor E12, undergoes frequency
correction that takes into account the frequency characteristics of the first sensor E12.

[0618] Unfortunately, body hair in the ear canal E91, for example, which creates a gap between the chassis E11 and
the ear canal E91, may prevent the complete sealing of the ear canal E91. If the ear canal E91 does not have a completely
sealed spatial structure regardless of the blockage of the external opening H92, i.e., if it cannot define a completed
closed cavity, the sealing level of the ear canal is referred to as "substantially closed".

[0619] Fig. 57(a) shows the frequency characteristics of a pulsating signal detected by the first sensor E12 when the
sealing level of the ear canal is substantially closed. The ear canal E91 not sealed completely results in pulsating signals
attenuated and reduced gain in the frequency region between 0.1 Hz and 10 Hz (pulsating signal information detecting
bandwidth) depending on the sealing level of the ear canal, as shown in Fig. 57(a), although the pulsating signals have
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flat frequency characteristics in the range of high frequency region to 10 Hz, as shown in Fig. 56(c). Such reduced gain
in the pulsating signal information detecting bandwidth causes disturbance in the waveform of a pulse wave.

[0620] To cope with the problem, frequency compensation should be performed to compensate for the reduced gain
in the low frequency region between 0.1 Hz to 10 Hz when the sealing level of the ear canal is substantially closed. Such
compensation enhances the signal gain to a level necessary to detect pulse waves, as shown in Fig. 57(b). However,
attenuation of signals in the low frequency region depends on the sealing level of the ear canal E91, as shown in Fig.
57(a). Thus, the frequency compensation is preferably performed while the amount of boost is being varied in response
to the variation in attenuation.

[0621] The compensation performed for the attenuation in the low frequency region between 0.1 Hz and 10 Hz resulting
from a spatial structure of the ear canal E91 that is substantially closed space due to an incomplete closure of the ear
canal E91 is also referred to as waveform equalization.

<Sealing level of ear canal and changes in frequency characteristics>

[0622] Exemplary changes in frequency characteristics due to the defined closed cavity and in accordance with the
sealing level of the ear canal are indicated by the pulse waveforms in Figs. 58(a) to 58(c) and Figs. 59(a) to 59(c).
[0623] Fig. 59(b) illustrates an exemplary pulse waveform acquired during the detection of a pulsating signal in a blood
vessel with an MEMS-ECM first sensor E12 in a state where a closed cavity is defined on a fingertip or arm, i.e., in a
completely closed state. The waveform depicted in Fig. 59(b) is regarded as a speed pulse wave based on the frequency
characteristics of the MEMS-ECM used to measure the pulse wave in a defined closed cavity. An integral operation on
the pulsating signals of the speed pulse wave having the waveform depicted in Fig. 59(b) results in a volume pulse wave
having the waveform depicted in Fig. 59(a). A differential operation on the pulsating signal of the speed pulse wave
having the waveform depicted in Fig. 59(b) results in an acceleration pulse wave having the waveform depicted in Fig.
59(c).

[0624] The unit[s] on the horizontal axis in Figs. 59(a) to 59(c) indicates second (this is applicable to all the occurrences
of "unit [s]" in the subsequent drawings).

[0625] In contrast, Fig. 58(b) illustrates an exemplary waveform acquired when a pulsating signal in a blood vessel in
the ear canal E91 is detected with an MEMS-ECM first sensor E12 in a state where the chassis E11 is inserted into the
ear canal E91 to block the external opening E92 in the ear canal E91 with the ear piece E13 of the chassis E11, and
the ear canal E91 formed into the cavity E96 having a closed or substantially closed spatial structure. An integration
operation on the pulsating signal having the waveform depicted in Fig. 58(b) results in a pulse wave having the waveform
depicted in Fig. 58(a). A differential operation on the pulsating signal having the waveform depicted in Fig. 58(b) results
in a pulse wave illustrated in Fig. 58(c).

[0626] In Fig. 59, Fig. 59(a) illustrates a pulse wave (volume pulse wave), Fig. 59(b) a speed pulse wave, and Fig.
59(c) an acceleration pulse wave. Comparison of the waveforms in Figs. 59(a) to 59(c) with the corresponding waveforms
in Figs. 58(a) to 58(c) indicates that the waveform in Fig. 58(a) is similar to that of the speed pulse wave in Fig. 59(b);
the waveform in Fig. 58(b) is similar to that of the acceleration pulse wave in Fig. 59(c); and the waveform in Fig. 58(c)
is similar to the waveform obtained by performing a double differential operation on the acceleration pulse wave in Fig.
59(b) or to the waveform obtained by performing a differential operation on the acceleration pulse wave in Fig. 59(c).
This indicates that the waveforms in Figs. 58(a) to 58(c) acquired when pulsating signals are detected while the ear
canal E91 is formed into the cavity E96 having a closed or substantially closed spatial structure contain new differential
elements at the frequency of these pulse waves, compared to the waveforms in Figs. 59(a) to 59(c) acquired during the
detection of the pulsating signals in a defined closed cavity.

<Waveform equalization and pulse waveform>

[0627] In order to correct the waveforms in Fig. 58(b) acquired when pulsating signals in a blood vessel are detected
in a state where the ear canal E91 is formed into the cavity E96 having a closed or substantially closed spatial structure
into the waveforms in Fig. 59(b) acquired during the detection of the pulsating signals in a defined closed cavity, the
detected pulsating signals are allowed to passed through an electric circuit having frequency characteristics that can
perform frequency compensation, like the electric circuit used in the waveform equalization described with reference to
Fig. 57(b). More specifically, such an electric circuit increases the gain of the detected pulsating signals in the low
frequency region between 0.1 Hz and 10 Hz, which is the pulsating signal information detecting bandwidth, as shown
in Fig. 60.

[0628] Fig. 60 illustrates three exemplary patterns of frequency characteristic compensation in the low frequency
region between 0.1 Hz and 10 Hz using different amounts of boost. Such compensating patterns are achieved by allowing
a signal to pass through, for example, an electric circuit having frequency characteristics of -20dB/dec in the frequency
range between 0.1 Hz and 0.68 Hz, and flat frequency characteristics at 0.68 Hz or higher; an electric circuit having
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frequency characteristics of -20dB/dec in the frequency range between 0.1 Hz and 7 Hz, and flat frequency characteristics
at 7 Hz or higher; and an electric circuit having frequency characteristics of - 20dB/dec in the frequency range between
0.1 Hz and 10.6 Hz, and flat frequency characteristics at 10.6 Hz or higher.

[0629] Fig. 60 illustrates an exemplary waveform equalization process that transmits the frequency components higher
than the pulse wave information detecting bandwidth without an increase in gain, gradually increases the gain of the
frequency components around the pulse wave information detecting bandwidth as the frequency decreases, and in-
creases the gain of the frequency components lower than the pulse wave information detecting bandwidth.

[0630] An exemplary electric circuit that can achieve such frequency characteristic compensation is shown in Fig. 61.
The electric circuit shown in Fig. 61 includes an operational amplifier E201, a capacitor E202 with capacitance of C4, a
resistor E203 with a resistance R, a resistor E204 with a resistance R,, and a resistor E205 with a resistance Rj.
[0631] The transfer function of the electric circuit in Fig. 61 is as shown in Expression E (1).

[0632] [Expression 2]

A:_Ei R,Cis+1
R, (R, +R,)C,s +1

Expression E (1)

[0633] Fig. 62 is a Bode plot of the electric circuit in Fig. 61.

[0634] The three patterns of frequency characteristic compensation shown in Fig. 60 can be obtained by varying the
values from R, to R; and/or C, in Figs. 61 and 62. Preferably, R5 is varied to vary the pattern of frequency characteristic
compensation as shown in Fig. 60. For an analog circuit, which cannot readily vary Rj in a continuous manner, the
optimal value of R; can be selected from several prepared Rj values.

[0635] In this embodiment, R is 1 kQ), R, is 100 kQ, C is 22 pF, and R5 is the sum of a fixed resistance component
of 680 Q2 and a variable resistance component of up to 10 kQ. The variable resistance component up to 10 kQ of R5 is
varied to switch the value 1/R5C4 shown in Fig. 62 to three time frequencies of 0.68 Hz, 7 Hz, and 10.6 Hz as shown in
Fig. 60, thereby obtaining the three patterns of frequency characteristic compensation for the electric circuit used for
frequency compensation.

[0636] The frequency characteristics are compensated on the waveforms shown in Figs. 58(a) to 58(c) such that the
value 1/R3C, is 0.68 Hz, that is, the gain is increased in the range between 0.1 Hz and 0.68 Hz, as shown in Fig. 60.
The resulting waveforms are shown in Figs. 58(a) to 63(a), 58(b) to 63(b), and 58(c) to 63(c). The frequency characteristics
are compensated on the waveform shown in Figs. 58(a) to 58(c) such that the value 1/R5C, is 7 Hz, that is, the gain is
increased in the range between 0.1 Hz and 7 Hz, as shown in Fig. 60. The resulting waveforms are shown in Figs. 58(a)
to 64(a), 58(b) to 64(b), and 58(c) to 64(c). The frequency characteristics are compensated on the waveform shown in
Figs. 58(a) to 58(c) such that the value 1/R3C, is 10.6 Hz, that is, the gain is increased between 0.1 Hz and 10.6 Hz,
as shown in Fig. 60. The resulting waveforms are shown in Figs. 58(a) to 65(a), 58 (b) to 65(b), and 58 (c) to 65(c).
[0637] Comparison among the waveforms after the frequency characteristic compensation shown in Figs. 63(a) to
63(c), 64(a) to 64(c), and 65(a) to 65(c), the waveforms before the frequency characteristic compensation shown in Figs.
58(a) to 58(c), and the waveform of the pulse wave shown in Figs. 59(a) to 59(c) acquired in a defined closed cavity
indicates that the waveforms shown in Figs. 65(a) to 65(c) underwent an excess frequency characteristic compensation
with an excess amount of boost; the waveforms shown in Figs. 63(a) to 63(c) underwent below frequency characteristic
compensation with an below amount of boost. In contrast, the waveforms shown in Figs. 64(a) to 64(c) are similar to
those shown in Figs. 59(a) to 59(c), which indicates optimum frequency characteristic compensation with an optimum
amount of boost. In other words, the frequency compensation performed on the waveform acquired in the ear canal E91
that is formed into the cavity E96 having a closed or substantially closed spatial structure to increase the gain in the
frequency range between 0.1 Hz and 7 Hz, one of the three patterns of frequency characteristic compensation shown
in Figs. 60 results in a waveform similar to that of the waveform acquired during the detection of the pulsating signals
in a blood vessel in a defined closed cavity. This indicates the waveform equalization has been performed under optimum
conditions.

[0638] Asdescribed above, the waveform equalization can be described as a process to compensate for the attenuation
of pulse waves containing differential elements in the low frequency region between 0.1 Hz to 10 Hz to acquire pulse
waves free from the differential elements, wherein the pulse waves containing differential elements are acquired during
the detection of the pulsating signals in a blood vessel in the ear canal E91 that is formed into the cavity E96 having a
closed or substantially closed spatial structure; and the pulse waves free from differential elements are acquired during
the detection of the pulsating signals in a blood vessel in a defined closed cavity.
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<Determination of optimum amount of boost>

[0639] In order to compensate for the waveforms acquired during the detection of the pulsating signals in a blood
vessel in the ear canal E91 that is formed into the cavity E96 having a closed or substantially closed spatial structure,
as shown in Fig. 58(b), into the waveforms acquired during the detection of the pulsating signals in a blood vessel in a
defined closed cavity, as shown in Fig. 59(b), in the waveform equalization, compensation of frequency characteristics
with an optimum amount of boost that can acquire the waveforms as shown in Fig. 64 according to this embodiment is
preferred. A method for determining the optimum amount of boost in such frequency characteristic compensation will
now be described.

[0640] The amount of boost in the waveform equalization can be adjusted by varying the resistances R4, R,, and Rj,
and/or capacitance C, during the waveform equalization with the circuit shown in Fig. 61. The variable resistances Ry,
Ry, and R3, and/or capacitance C, varies the value "1/(R,+R3) C4" or "1/R5C," on the horizontal axis (frequency), which
indicates the frequency characteristics in the waveform equalization shown in Fig. 62, and the value "-(R,/R4)-R5/(Ry+R3)"
or "Ro/R4", which indicates the gain on the vertical axis. This allows the amount of boost to be adjusted by setting the
increment of the gain (inclination), the increase in gain, the frequency range for the gain increment (corner frequency
orrising edge frequency), the frequency range for the gain increase, and the frequency range for the signal transmission
to predetermined values in the waveform equalization shown in Fig. 62.

[0641] An exemplary configuration of a circuit used to compensate for frequency characteristics and determine the
optimum amount of boost is shown in the block diagram in Fig. 66.

[0642] As shown in Fig. 66, a pulsating signal detected in an ear (blood vessel in the ear canal E91) by the first sensor
E12is input to afirst, second, and third frequency-characteristic compensators E211, E212, and E213 for compensation
of different frequency characteristics with different amounts of boost. The signals frequency-compensated in the first,
second, and third frequency-characteristic compensators E211, E212, and E213 are output to AD converting and sam-
pling units E215, E216, and E217 and a selector E219. As shown in Figs. 67(b-1), 67(b-2), and 67(b-3), the first, second
and third frequency-characteristic compensators E211, E212, and E213 perform frequency compensation in different
frequency regions with three different amounts of boost. For example, the first frequency-characteristic compensator
E211 allows the signal to pass through an electric circuit having frequency characteristics of -20dB/dec in the range
between 0.1 Hz and 0.68 Hz, and flat frequency characteristics at 0.68 Hz or higher. The second frequency-characteristic
compensator E212 allows the signal to pass through an electric circuit having frequency characteristics of -20dB/dec in
the range between 0.1 Hz and 7 Hz, and flat frequency characteristics at 7 Hz or higher. The third frequency-characteristic
compensator E213 allows the signal to pass through an electric circuit having frequency characteristics of - 20dB/dec
in the range between 0.1 Hz and 10.6 Hz, and flat frequency characteristics at 10.6 Hz or higher. This creates three
different patterns of frequency characteristic compensation with different amounts of boost to increase the gain in the
low frequency region between 0.1 Hz and 10 Hz.

[0643] As shown in Fig. 66, a pulsating signal from an ear detected by the first sensor E12 is received by PLL E214.
The pulsating signal has a pulse wave cyclic component and thus can be locked by the PLL E214. As shown in Fig. 68,
the PLL E214 detects arising edge in the waveform of a pulsating signal, determines the pulsating signal from the rising
edge to the nextrising edge as one cycle, and divides the one cycle into 1024 time periods from 0 to 1023, and outputs
a total of 1024 lock phases to the AD converting and sampling units E215, E216, and E217.

[0644] The AD converting and sampling units E215, E216, and E217 each include an analog-digital converting circuit
or a sample-hold circuit that performs sample holding. The AD converting and sampling units E215, E216, and E217
each receive a signal from the first, second, and third frequency-characteristic compensators E211, E212, and E213;
convert the signal into a digital signal or sample-hold the signal, depending on a lock phase received from the PLL E214;
and then output the converted or sample-held signal to a logical operator E218.

[0645] The logical operator E218 compares the signals received from the AD converting and sampling units E215,
E216, and E217 and outputs the results of comparison to a selector E219 as a two-bit signal.

[0646] In response to the signal from the logical operator E218, the selector E219 selects a signal frequency-com-
pensated with an optimum amount of boost from those of the first, second, and third frequency-characteristic compen-
sators E211, E212, and E213, and outputs it as a speed pulse wave that has undergone frequency characteristics
compensation, i.e., a waveform-equalized signal.

[0647] The method for determining the optimum amount of boost in frequency compensation will now be described
in detailed.

[0648] During the processing of lock phases, the PLL E214 selects timings from "a" to "e" as sampling points, as
shown in Fig. 68. The PLL E214 selects the timing of the peak of the pulse waveform as a sampling point "b", which
represents a synchronization phase of 0. The PLL E214 sets sampling points "a" and "c" before and after the sampling
point "b", a sampling point "e", which has a negative polarity of the pulse wave, that is, an inflection point of the volume
pulse wave, and a sampling point "d" between the sampling points "c" and "e".

[0649] Fig. 67(a-1) illustrates the waveform of a pulsating signal frequency-compensated in the first frequency-char-
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acteristic compensator E211. Fig. 67(a-2) illustrates the waveform of a pulsating signal frequency-compensated in the
second frequency-characteristic compensator E212. Fig. 67(a-3) illustrates the waveform of a pulsating signal frequency-
compensated in the third frequency-characteristic compensator E213. Each diagram indicates the sampling points cor-
responding to the sampling points "a" to "e". The Figs. 67(a-1) to 67(a-3) evidentially shows that the sampled values
(signal strength) at the sampling points from "a" to "e" vary, as shown in Figs. 67(a-1) to 67(a-3), after the frequency
compensation using the three different amounts of boost shown in Figs. 67(b-1) to 67(b-3).

[0650] The AD converting and sampling units E215 obtains sampled values EA1 to EA5, at the sampling points "a"
to "e", of the frequency-compensated signal from the first frequency-characteristic compensator E211 and then outputs
it to the logical operator E218. The AD converting and sampling unit E216 obtains sampled values EB1 to EB5, at the
sampling points "a" to "e", of the frequency-compensated signal from the second frequency-characteristic compensator
E212 and then outputs it to the logical operator E218. The AD converting and sampling units E217 obtains sampled
values EC1 to EC5, at the sampling points "a" to "e", of the frequency-compensated signal from the third frequency-
characteristic compensator E213 and then outputs it to the logical operator E218.

[0651] The logical operator E218 compares the sampled values EA1 to EA5, EB1 to EB5, and EC1 to EC5 at the
sampling points "a" to "e" received from the AD converting and sampling units E215, E216, and E217.

[0652] Figs.67(b-1)is a schematic view of frequency characteristics of frequency compensation in the first frequency-
characteristic compensator E211. As shown in Figs. 67(b-1), frequency compensation in the range of a significantly low
frequency to 0.68 Hz results in a significantly low break point for the compensating circuit being, which indicates a below
amount of boost for the frequency compensation. In this case, the waveform after frequency compensation has a residual
differential effect. As shown in Figs. 67(a-1), the sampled value EA4 at the sampling point "d" tends to be negative, the
sampled value EA2 at sampling point "b" tends to be high, and the sampled values EA1 and EA3 at the sampling points
"a" and "c" tend to be low. The waveform tends to have sharper peaks than the original waveform.

[0653] Figs. 67(b-2) is a schematic view of frequency characteristics of frequency compensation in the second fre-
quency-characteristic compensator E212. As shown in Figs. 67(b-2), frequency compensation in the range of a signifi-
cantly low frequency to 7 Hz results in a substantially optimized break point for the compensating circuit, which indicates
an optimum amount of boost for the frequency compensation. In this case, the sampled value EB5 at the sampling point
"e" is negative, the sampled value EB4 at the sampling point "d" is nearly 0, and the sampled values EB1 and EB3 at
the sampling points "a" and "c" are approximately a half of the sampled value EB2 at the sampling point "b".

[0654] Figs.67(b-3)is a schematic view of frequency characteristics of frequency compensation in the third frequency-
characteristic compensator E213. As shown in Figs. 67(b-3), frequency compensation in the range of a significantly low
frequency to 10.6 Hz results in a significantly low break point for the compensating circuit, which indicates a slightly
excess amount of boost for the frequency compensation. In this case, the sampled value (peak value) EC2 at the
sampling point "b" tends to be lower than other frequency compensation.

[0655] As described above, different amounts of boost used due to the different frequency characteristics of frequency
compensation result in different waveforms after the frequency compensation and thus different sampled values at each
sampling point. The logical operator E218 compares the sampled values at sampling points, selects a frequency-char-
acteristic compensator that has performed the frequency compensation that has produced sampled values indicating
the optimum amount of boost, and outputs the results to the selector E219.

[0656] The selector E219 outputs a signal from one frequency-characteristic compensator that has performed optimum
frequency compensation based on the results of comparison in the logical operator E218 to acquire the signal waveform-
equalized using the optimum amount of boost as a speed pulse wave.

[0657] The frequency corrector E211 according to this embodiment performs frequency compensation with three
frequency-characteristic compensators, i.e., the first, second, and third frequency-characteristic compensators E211,
E212, and E213, and compares the results of frequency compensation to determine the optimum amount of boost.
Alternatively, two or four or more frequency-characteristic compensators may be used to compare the results from
multiple frequency-characteristic compensators.

[0658] In this embodiment, waveform equalization is performed on pulsating signals from an ear (a blood vessel in
ear canal E91) detected by the first sensor E12 to acquire a speed pulse wave. More specifically, the speed pulse wave
is detected during the detection of the pulsating signals in a blood vessel in the ear canal E91 formed into the cavity
E96 having a closed or substantially closed spatial structure and contains differential elements. Alternatively, the wave-
form equalization may be performed on a pulsating signal frequency-corrected in the frequency corrector E111. In other
words, frequency correction to compensate for (integrate) the frequency characteristic in the frequency range of 100 Hz
or lower with an integrating circuit is performed on a speed pulse wave detected during the detection of the pulsating
signals in a blood vessel in the ear canal E91 formed into the cavity E96 having a closed or substantially closed spatial
structure, the speed pulse wave containing differential elements, to acquire a volume pulse wave containing differential
elements. The volume pulse wave containing differential elements may undergo the waveform equalization to acquire
the volume pulse wave free from differential elements.
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<Sealing level of ear canal and earphone>

[0659] Fig. 69 illustrates the relationship between the sealing level of the ear canal and an earphone.

[0660] When the ear canal E91 is opened, the sealing level of the ear canal is referred to as "open". As shown by the
solid lines in Fig. 69(a), for example, when an open earphone (non-canal type) is mounted, the sealing level of the ear
canal can be defined as "open". In this case, the sealing levels from completely closed to slightly closed indicated by
the broke line in Fig. 69(a) cannot be achieved and thus a closed cavity cannot be defined by the ear canal E91, thus
precluding the detection of pulsating signals that utilizes a change in frequency response due to the defined closed cavity.
[0661] If the ear canal E91 is formed into a cavity that does not have a closed spatial structure regardless of the
blockage of the external opening E92, the sealing level of the ear canal is referred to as "slightly closed". As shown by
the solid lines in Fig. 69(b), if an in-ear canal earphone is mounted, the sealing level of the ear canal is defined as "slightly
closed". In this case, the sealing level from completely closed to substantially closed indicated by the broke line in Fig.
69(b) cannot be achieved and thus no completely closed cavity can be defined by the ear canal E91, thus precluding
the detection of pulsating signals that utilizes a change in frequency response due to the defined closed cavity. Since
the pulsating signals detected by the first sensor E12 are generated in a frequency region from which low frequency
region is highly attenuated, the pulsating signals require a large amount of compensation in the waveform equalization,
resulting in the pulsating signals having a low signal-to-noise ratio.

[0662] If the ear canal E91 is formed into a cavity that does not have a completely closed spatial structure regardless
of the blockage of the external opening E92, i.e., if a completely closed cavity cannot be defined, the sealing level of the
ear canal is referred to as "substantially closed". As shown by the solid line in Fig. 69(c), when a sound-isolating inner
earphone is mounted, the sealing level of the ear canal is defined as "substantially closed". In this case, as shown in
Fig. 69(c), a closed cavity can be defined, although it is not completely closed. A pulse wave equivalent to that obtained
at the completely closed level can be obtained from a pulse wave containing differential elements through the above-
mentioned waveform equalization. The amount of compensation in the waveform equalization is smaller than that at the
sealing level of slightly closed, which ensures the acquired pulsating signal has a high signal-to-noise ratio.

[0663] If the blockage of the external opening E92 can form the ear canal E91 into a cavity that has a completely
closed spatial structure, the sealing level of the ear canal is "closed". In this case, no attenuation of pulsating signals
detected by the first sensor E12 occurs in the low frequency region, which occurs in the substantially closed spatial
structure of the ear canal E91; thus a pulse wave free from differential elements can be acquired without the waveform
equalization.

[0664] As shown in Fig. 69, the sealing level of the ear canal must be "substantially closed" to detect a sound with a
frequency of 20 Hz or higher or a sound made when upper and lower teeth come into contact with each other. To detect
a pulse wave with a frequency of 0.1 Hz to 10 Hz, the sealing level of the ear canal must be from completely closed to
substantially closed. If the sealing level of the ear canal is substantially closed, a pulse wave free from differential
elements can be obtained through waveform equalization.

[IV-1-6. Extraction of respiration signal]

[0665] A process to retrieve (extract) pulse wave information or respiration information of the subject E90 by the first
signal processor E113 will now be described.

[0666] The configuration of the first signal processor E113 of the subject information detecting device E1 and the
subject information processing device E2 according to this embodiment is similar to that of the extractor 161 of the subject
information detecting unit I1 and the subject information processing device 13, described with reference to Fig. 7. The
first signal processor E113 can perform frequency demodulation like the extractor 161.

[0667] AsshowninFig.55, pulse wave information or respiration information of the subject EQ0 in the subject information
processing device E2 is extracted by waveform equalization on the pulsating signal output from the sensor E12 of the
subject information detecting device E1 in the waveform equalizer E112 and frequency demodulation on the waveform-
equalized pulsating signal in the first signal processor E113. Alternatively, pulsating signal output from the sensor E12
of the subject information detecting device E1 undergoes frequency correction in the frequency corrector E111, the
frequency-corrected signal undergoes waveform equalization in the waveform equalizer E112, and the waveform-equal-
ized pulsating signal undergoes frequency demodulation in the first signal processor E113.

[0668] The first signal processor E113, which has a functional configuration shown in Fig. 7, includes a phase com-
parator E231, a low-pass filter E232, a voltage controlled oscillator (VCO) E233, and a frequency divider E234.

[0669] A respiration component can be extracted from a pulsating signal, modulated with the respiration component,
of the subject E90 by demodulating the pulsating signal.

[0670] The pulsating signal can be extracted as pulse wave information by removing the respiration component from
the pulsating signal, modulated with the respiration component, of the subject E9O.
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[IV-1-7. Operation of subject information detecting device and subject information processing device according to first
embodiment]

[0671] The subject information detecting device E1 and the subject information processing device E2 according to the
first embodiment of the present invention is configured as described above. As shown in Fig. 54, the subject information
detecting device E1 is mounted on the subject EQ0 such that the chassis E11 is inserted into the ear canal E91 to block
the external opening E92 in the ear canal E91 with the chassis E11, and the ear canal E91 forms the cavity E96 having
a closed or substantially closed spatial structure. In this configuration, the subjectinformation detecting device E1 detects
pulsating signals in a blood vessel and the subject information processing device E2 processes the signals.

[0672] The operations of the subject information detecting device E1 and the subject information processing device
E2 will now be described. The operation will be described in two cases with and without frequency correction in the
frequency corrector E111.

(Case of frequency correction)

[0673] The frequency corrector E111 performs frequency correction on pulsating signals to perform at least one
operation of an amplification operation, an integral operation, and a differential operation with the frequency of the
pulsating signals. Signal processing to acquire pulsatile volume signals (volume pulse waves) will now be described.
More specifically, the signal process uses an MEMS-ECM as the first sensor E12 and compensates for (integrate) the
frequency characteristics in the low frequency region of 100 Hz or less with an integrating circuit.

[0674] As show in Fig. 70, the first sensor E12 of the subject information detecting device E1 detects pulsating signals
in a blood vessel in the ear canal E91 in the form of pressure information deriving from the pulsating signals propagating
through the cavity E96 (Step SE11).

[0675] The frequency corrector E111 of the subject information processing device E2 performs frequency correction
to compensate for (integrate) the frequency characteristics in the low frequency region of 100 Hz or less with an integrating
circuit and outputs the frequency-corrected signal to the waveform equalizer E112 (Step SE12).

[0676] The waveform equalizer E112 of the subject information processing device E2 performs waveform equalization
on the signal from the frequency corrector E111 to compensate for the frequency characteristics in the pulse wave
detecting bandwidth of 0.1 Hz to 10 Hz and outputs the waveform-equalized signal to the first signal processor E113
(Step SE13).

[0677] The first signal processor E113 of the subject information processing device E2 performs frequency demodu-
lation on the signal from the waveform equalizer E112 in (Step SE14) to extract pulse wave information or respiration
information of the subject E90 (Step SE15).

[0678] The pulsating signal detected by the MEMS-ECM in Step SE11 is an attenuated pulsatile speed signal (speed
pulse wave) in the low frequency region of 100 Hz or less and contains differential elements due to deterioration of the
frequency characteristics in the pulse wave detecting bandwidth of 0.1 Hz to 10 Hz, resulting from an incompletely sealed
ear canal E91. The integration operation in the frequency correction process in Step SE12 acquires a pulsatile volume
signal containing differential elements from the pulsating signal. The waveform equalization process in Step SE13
increases the gain in the pulse wave detecting bandwidth of 0.1 Hz to 10 Hz to acquire a pulsatile volume signal (volume
pulse wave) free from differential elements. In Step SE15, the pulse wave information can be acquired in the form of a
pulsatile volume signal (volume pulse wave).

[0679] Asdescribed above, the waveform equalization also compensates for the attenuation of pulse waves containing
differential elements in the low frequency region between 0.1 Hz to 10 Hz to acquire pulse waves free from the differential
element, wherein the pulse waves containing differential elements are acquired during the detection of the pulsating
signals in a blood vessel in the ear canal E91 formed into the cavity E96 having a closed or substantially closed spatial
structure; and the pulse waves free from differential elements are acquired during the detection of the pulsating signals
in a blood vessel in a defined closed cavity.

(Case of no frequency correction)

[0680] In this case, a MEMS-ECM is used as the first sensor E12 and no frequency correction is performed in the
frequency corrector E111.

[0681] AsshowninFig. 71, the first sensor E12 of the subject information detecting device E1 detects pulsating signals
in a blood vessel in the ear canal E91 in the form of pressure information deriving from the pulsating signals and
propagating through the cavity E96 (Step SE21).

[0682] The waveform equalizer E112 of the subject information processing device E2 performs waveform equalization
on a signal from the first sensor E12 to compensate for the frequency characteristics in the pulse wave detecting
bandwidth of 0.1 Hz to 10 Hz and outputs the waveform-equalized signal to the first signal processor E113 (Step SE22).
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[0683] The first signal processor E113 of the subject information processing device E2 performs frequency demodu-
lation on the signal from the waveform equalizer E112 (Step SE23) to extract pulse wave information or respiration
information of the subject E90 (Step SE24).

[0684] The pulsating signal detected by the MEMS-ECM in Step SE21 is an attenuated pulsatile speed signal (speed
pulse wave) in the low frequency region of 100 Hz or less and the frequency characteristics in the pulse wave detecting
bandwidth of 0.1 to 10 Hz are deteriorated due to an incompletely sealed ear canal E91. The waveform equalization in
Step E21 improves the frequency characteristics in the pulse wave detecting bandwidth of 0.1 Hz to 10 Hz to acquire a
pulsatile speed signal (speed pulse wave). In Step E15, the pulse wave information can be acquired as a pulsatile speed
signal (speed pulse wave).

[IV-1-8. Advantageous effect of subject information detecting device according to first embodiment]

[0685] The first sensor E12 in the subject information detecting device E1 according to the first embodiment of the
present invention detects pulsating signals in a blood vessel in the ear canal E91 in the form of pressure information
deriving from the pulsating signals and propagating through the cavity when the chassis E11 is used to block the external
opening E92 in the ear canal E91 and form the ear canal E91 of the subject E90 into the cavity E96 having a closed or
substantially closed spatial structure. This allows a blood vessel in the ear canal E91, in particular, in the eardrum E93,
to be used for detection of pulsating signals of the subject E9O.

[0686] The subject information detecting device E1 according to the first embodiment performs measurement in a
state where the ear canal E91, the eardrum E93, the chassis E11, and the first sensor E12 defines a closed spatial
structure (closed cavity). This enhances the signal-to-noise ratio and sensitivity of a pulsating signal in a low frequency
region, and those of a respiration signal extracted from the pulsating signal.

[0687] The waveform equalizer E112 of the subject information processing device E2 according to the first embodiment
of the present invention can compensate for the attenuation in a low frequency region resulting from a substantially
closed ear canal E91, and enhance the detection sensitivity of pulsating signals in the low frequency range between 0.1
Hz to 10 Hz where pulse waves are detected. The waveform equalizer E112 allows a pulsating signal free from differential
elements to be acquired as a speed pulse wave signal.

[0688] The frequency corrector E111 of the subject information processing device E2 according to the first embodiment
of the present invention enhances the sensitivity of a signal in the low frequency region of 100 Hz or less (characteristics
of low-frequency signal) during the use of a dynamic earphone, ECM, and MEMS-ECM as the first sensor E12 to acquire
a volume pulse wave signal.

[IV-2. Additional features]
<Signal processing>

[0689] Inthe above description, pulsating signals are processed with an analog circuitincluded in the subject information
detecting device and the subject information processing device. Alternatively, such signals may be processed with a
digital circuitincluded in the subjectinformation detecting device and the subject information processing device. Examples
of such digital circuits include a combination of a circuit including a digital signal processor (DSP) and an analog circuit
or a combination of a central processing unit (CPU) and a DSP.

[V. Subject information processing device performing subtraction]

[0690] A subject information processing device performing subtraction according to the fifth aspect of the present
invention will now be described. The fifth aspect of the present invention is referred to as the present invention in this
embodiment.

[0691] With reference to drawings, an embodiment of the present invention will now be described.

[V-1. Exemplary configuration of the subject information processing device]

[0692] A subjectinformation processing device H1 of the subject information processing device performing subtraction
according to the embodiment of the present invention includes a subject information detecting device H2 and a signal
processor H3, as shown in Fig. 72 and Fig. 73.

[0693] The subject information detecting device H2 includes a chassis H10, an internal sensor H11, and an external
sensor, as shown in Figs. 72 and 73.

[0694] The signal processor H3 includes a leakage corrector H21, a subtractor H31, a waveform equalizer H41, a
frequency corrector H51, and an extractor H61, as shown in Fig. 72.
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[0695] The configuration of the subject information detecting device H2, the signal processor H3, and the subject
information processing device H1 according to this embodiment, and elements constituting these units will be described
in details.

[0696] Fig. 72 is a schematic view of the configuration of the subject information processing device H1 according to
this embodiment. Fig. 73 illustrates the configuration of the subject information detecting device H2 shown in Fig. 72
and is a schematic view of the relationship between the subjectinformation detecting device H2 and the external ear H94.

<Configuration of subject information detecting device>

[0697] Anexemplary subjectinformation detecting device H2 according to the first embodiment of the present invention
includes the chassis H10 which blocks an external opening H92 in an ear canal H91, as shown in Figs. 72 and 73, and
the internal sensor H11, provided in the chassis H10, to detect pulsating signals in a blood vessel. The subjectinformation
detecting device H2 includes an external sensor H12 that collects external sounds in the ear canal H91.

[0698] Fig. 73 is a schematic view of the relationship between the subject information detecting device H2 and an
external ear H94. Fig. 73 illustrates the structure of a human ear of the subject H90. The human ear includes the inner
ear, having the cochlea and the semicircular canal and connecting to the vestibular nerve and the cochlea nerve; the
middle ear, at the back of the eardrum H93, having an auditory ossicle and a auditory tube; and an external ear H94,
having an ear canal H91 and an auricle H95.

(Chassis)

[0699] As shown in Fig. 73, the chassis H10 is mountable on the external ear H94 so as to block the external opening
H92 of the ear canal H91 of the subject HI90 to form the ear canal H91 into a cavity H96 having a closed or substantially
closed spatial structure. The chassis H10 includes the internal sensor H11 and the external sensor H12, as shown in
Fig. 73.

[0700] The chassis H10 may have any shape, size and material that can block the external opening H92, which is
near the portion open to the outside in the ear canal H91. In order to mount chassis H10 on the external ear H94 of the
subject HI0 so as to block the external opening H92 of the ear canal H91 of the subject H90 to form the ear canal H91
into the cavity H96 having a closed or substantially closed spatial structure, as shown in Fig. 73, at least a part of the
chassis H10 preferably has a cylindrical, doomed, cannonball, or bell shape. Such a shape allows chassis H10 to
effectively block the external opening H92 in accordance with the shape of the cylindrical, or doomed, cannonball, or
bell-shaped projecting end when the chassis H10 is inserted into the ear canal H91 such that the projecting end is
oriented towards the back of the ear canal H91.

[0701] The chassis H10 preferably has a size that can block the external opening H92 when the cylindrical, or doomed,
cannonball, or bell-shaped projecting end is inserted into the ear canal H91. Preferably, the circumferential diameter of
the chassis H10 is generally the same size as the inner diameter of the external opening H92 of the ear canal H91. This
configuration allows the chassis H10 to effectively block the external opening H92.

[0702] The chassis H10 is preferably composed of an elastic material, for example, rubber or silicone rubber. The
chassis H10 is preferably elastic enough to deform in accordance with the inner shape of the external opening H92 of
the ear canal H91 to block the external opening H92 of the ear canal H91. Such material allows the chassis H10 to block
the external opening H92 in accordance with the shape of the ear canal H91.

[0703] As shown in Fig. 73, the chassis H10 includes a housing H13 accommodating the internal sensor H11 and the
external sensor H12, and an ear piece H14 composed of silicone rubber and inserted into the ear canal H91.

[0704] The housing H13 includes a space accommodating the internal sensor H11 and the external sensor H12, a
first opening H15 for the internal sensor H11 and a second opening H16 for the external sensor H12. In the housing
H13, the internal sensor H11 is oriented towards the first opening H15 and the external sensor H12 is oriented towards
the second opening H16 such that the sensors can detects pressure information.

[0705] Asshownin Fig. 73, the ear piece H14 has a cannonball or bell shape, and includes a concave H18 that defines
a cylindrical space. The concave H18 has an opening around the center of a summit H17 of the cannonball or bell-
shaped projecting end, and extends toward the inside of the ear piece H14. The concave H18 further includes a through-
hole H19 at the other end of the concave H18. The through-hole H19 of the ear piece H14, provided in contact with the
first opening H15 of the housing H13, is blocked by the internal sensor H11.

[0706] This configuration allows the ear piece H14 of the chassis H10 to form the ear canal H91 into a cavity having
a substantially closed spatial structure when the ear piece H14 is inserted into the ear canal H91 to block the external
opening H92 of the ear canal H91. In this configuration, the internal sensor H11 detects pulsating signals in a blood
vessel through-hole H19.

[0707] Examples of the ear piece H14 having such configuration includes an ear piece of in-ear canal earphones.
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(Cavity)

[0708] As shown in Fig. 73, the ear canal H91, the eardrum H93, and the chassis H10 form the ear canal H91 into the
cavity H96 having a closed or substantially closed spatial structure when the chassis H10 blocks the external opening
H92 of the ear canal H91 of the subject H90. The closed spatial structure defined by the cavity H96 is also referred to
as a "closed cavity". The internal sensor H11, disposed at the first opening H15, which is in contact the through-hole
H19 of the chassis H10, allows the chassis H10 and the internal sensor H11 to block the external opening H92 and thus
allows the ear canal H91, the eardrum H93, the chassis H10, and the internal sensor H11 to form the cavity H96.
[0709] The blockage of the external opening H92 by the chassis H10 enables the ear canal H91 to define a closed
spatial structure, as described above. Unfortunately, body hair in the ear canal H91, for example, which creates a gap
between the ear piece H14 of chassis H10 and the ear canal H91, may prevent the complete physical sealing of the ear
canal H91. If the blockage of the external opening H92 by the chassis H10 makes the ear canal H91 a completely sealed
spatial structure, the ear canal H91 can be described as a closed spatial structure. In contrast, if the blockage of the
external opening H92 by the chassis H10 cannot make the ear canal H91 a completely sealed spatial structure due to
the body hair, the ear canal H91 can be described as a substantially closed spatial structure".

(Internal sensor)

[0710] As shown in Figs. 72 and 73, the internal sensor H11 is disposed in the housing H13 of the chassis H10 such
that its sensing portion is oriented towards the ear canal H91. The internal sensor H11 detects pulsating signals based
on pulse wave information in a blood vessel in the ear canal H91. The pulsating signals are detected in the form of
pressure information propagating through the cavity H96 and deriving from the pulsating signals. The internal sensor
further detects external signals based on sounds from outside the ear canal. The external signals have frequency
characteristics of increased gain in a lower frequency region. The signals detected by the internal sensor H11 are output
to the subtractor H3 of the signal processor H31.

[0711] As shown in Fig. 73, the internal sensor H11 is preferably disposed so as to block the through-hole H19 of the
chassis H10. The ear canal H91, an eardrum H93, the chassis H10, and the internal sensor H11 preferably define the
ear canal H91 as a closed or substantially closed spatial structure. The internal sensor H11 is connected to a GND line
(not shown) and a signal line (not shown). Signals are sent to the signal processor H3 through the signal line.

[0712] Vibrations in a blood vessel in the ear canal H91 propagate through the cavity H96 and the through-hole H19
into the internal sensor H11. The internal sensor H11 detects pulsating signals based on the pulse wave information in
the blood vessel in the ear canal H91 in the form of pressure information deriving from the pulsating signals and prop-
agating through the cavity H96. External sounds in the ear canal H91 enter the ear canal H91 through a gap between
the ear piece H14 of the chassis H10 and the external opening H92 of the ear canal H91, propagate through the cavity
H96 and the through-hole H19 into the internal sensor H11. The internal sensor H11 detects external signals based on
the external sounds. The pulsating signals detected by the internal sensor H11 include signals originating from pulsation
in a blood vessel and respiration vibrations. The signals detected by the internal sensor H11 include both the pulsating
signals and external signals.

[0713] The internal sensor H11 detects the pulsating signals and external signals in a state where the chassis H10 of
the subject information detecting device H2 blocks the external opening H92 of the ear canal H91 of the subject HI90 to
form the ear canal H91 into the cavity H96 having a substantially closed spatial structure. The ear canal H91 defines a
substantially closed spatial structure due to the ear canal H91 not completely sealed. This results in the signals detected
by the internal sensor H11 undergoing changes in frequency characteristic in the frequency range where the pulse wave
information is detected (hereinafter referred to as "pulse wave information detecting bandwidth").

[0714] The pulsating signals detected by the internal sensor H11 are detected as those having frequency characteristics
of reduced gain in a lower frequency region due to the ear canal H91 defined as a substantially closed spatial structure.
The pulse wave information detecting bandwidth is included in the lower frequency region with reduced gain.

[0715] In contrast, the external signals detected by the internal sensor H11 are detected as those having frequency
characteristics of increased gain in a lower frequency region due to the ear canal H91 defined as a substantially closed
spatial structure. This phenomenon can be explained as follows: Low frequency components enter the ear canal H91
through a gap between the ear piece H14 of the chassis H10 and the external opening H92 of the ear canal H91 when
external sounds in the ear canal H91 enter the ear canal H91 through the gap. Such entry of the low frequency components
results in an increase in gain in the lower frequency region of the external signals detected by the internal sensor H11,
the low frequency region including the pulse wave information detecting bandwidth where the pulse wave information
is detected.

[0716] The internal sensor H11 may be of any type capable of detecting pulsating signals in a blood vessel in the ear
canal H91. Pressure sensitive elements, such as microphones or piezoelectric elements are preferred, which electrically
detects air vibration (sound pressure information) caused by vibrations of the skin of the ear canal H91 or the eardrum
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which originate in pulsation in a blood vessel in the ear canal H91. Examples of such microphones include condenser
microphones, dynamic microphones, and balanced armature microphones.

[0717] The blood vessel in the ear canal H91 refers to one in the ear canal H91 or the eardrum H93.

[0718] Condenser microphones are particularly preferred due to its high directivity, signal-to-noise ratio, and sensitivity.
Electret condenser microphones (ECMs) can be also suitably used. ECMs manufactured using microelectromechanical
system (MEMS) technology (hereinafter referred to as "MEMS-ECM" or MEMSMIC) are also preferably used. PZT
piezoelectric elements composed of lead zirconate titanate (alsoreferred to as "PZT") can be suitably used as piezoelectric
elements since the PZT piezoelectric elements are ceramics exhibiting high piezoelectromotive force. The MEMS-ECM,
which has stable quality and is compact and lightweight, is suitably used as the internal sensor H11.

[0719] A dynamic speaker may be used as the internal sensor H11. The dynamic speaker includes a diaphragm, a
coil, amagnet, and a yoke. If the dynamic speaker functions as a speaker, received electric signals vibrate the diaphragm
by the interaction of the magnet and the coil to generate air vibrations in the form of pressure information propagating
through the cavity in accordance with the level of the received signals. If the dynamic speaker H32 functions as a
microphone, received air vibrations vibrate the diaphragm to convert the air vibrations into electric signals by the interaction
of the magnet and the caoil.

[0720] If a dynamic speaker is provided as the internal sensor H11, the subject information detecting device H2 can
use the dynamic speaker as a microphone at one time and as a speaker at other time.

(External sensor)

[0721] As shown in Fig. 73, the external sensor H12 is disposed such that its sensing portion is oriented towards the
outside of the ear canal H91 in the housing H13 of the chassis H10. The external sensor H12 collects external sounds
outside the ear canal H91 in an open state. The external sounds collected by the external sensor H12 are output to a
leakage corrector H21 of the signal processor H12 in the form of electric signals.

[0722] The external sensor H12 may be a sensor similar to the internal sensor H11 described above. In order to
facilitate the leakage correction and subtraction described later, the external sensor H12 is preferably of the same type
as that of the internal sensor H11. In particular, the external sensor H12 and the internal sensor H11 preferably have
similar frequency characteristics. AMEMS-ECM is suitably used since it has stable quality and is compact and lightweight.
[0723] Unlike the internal sensor H11, which is affected by the ear canal H91 defined as a substantially closed spatial
structure, the external sensor H12, which collects external sounds outside the ear canal H91, does not undergo changes
in frequency characteristics in the pulse wave information detecting bandwidth. In other words, the signal detected by
the external sensor H12 are not detected as those having frequency characteristics of increased gain in alower frequency
region, in spite of the ear canal H91 defined as a substantially closed spatial structure.

<Configuration of signal processor>

[0724] The signal processor H3 processes signals from the internal sensor H11 and the external sensor H12 in the
pulsating signal detecting unit H1. The signal processor H3 according to this embodiment includes the leakage corrector
H21, a subtractor H31, a waveform equalizer H41, a frequency corrector H51, and an extractor H61, as shown in Fig. 72.
[0725] The signal processor H3 preferably includes at least the leakage corrector H21, the subtractor H31, and the
waveform equalizer H41, and may not necessarily include the frequency corrector H51 and the extractor H61.

(Leakage corrector)

[0726] The leakage corrector H21 performs leakage correction by increasing gain in the lower frequency region of the
signals from the external sensor H12 so as to have frequency characteristics equivalent to those of the external signals
detected at the internal sensor H11. Such frequency correction can be achieved by a hardware circuit, software, or a
combination thereof. The leakage corrector H21 outputs a leakage-corrected signal to the subtractor H31.

[0727] The external signals detected by the internal sensor H11 are detected as those having frequency characteristics
of increased gain in a lower frequency region due to the ear canal H91 defined as a substantially closed spatial structure.
Meanwhile, the signals detected by the external sensor H12 are not detected as those having frequency characteristics
of increased gain in a lower frequency region, in spite of the ear canal H91 defined as a substantially closed spatial
structure. The leakage corrector H21 increases the gain of the signals from the external sensor H12 in a low frequency
region before subtraction so that the signals have frequency characteristics equivalent to those of the signals detected
by the internal sensor H11.
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(Subtractor)

[0728] The subtractor H31 performs subtraction on a leakage-corrected signal in the leakage corrector H21 and a
signal from the internal sensor H11. More specifically, the subtraction subtracts the signal processed by the leakage
corrector H21 from the signal from the internal sensor H11. Such subtraction can be achieved by a hardware circuit,
software, or a combination thereof. The subtractor H31 outputs the subtracted signal to the waveform equalizer H41.
Alternatively, the subtracted signal may be output to the frequency corrector H51.

(Waveform equalizer)

[0729] The waveform equalizer H41 performs waveform equalization on the subtracted signal from the subtractor H31
by increasing the gain in the low frequency region of the signal subtracted by the subtractor H31 so as to compensate
for the reduced gain of the frequency characteristics of the signal detected at the internal sensor H11 in the low frequency
region. Such waveform equalization can be achieved by a hardware circuit, software, or a combination thereof. The
waveform equalizer H41 outputs the waveform-equalized signal to the frequency corrector H51. Alternatively, the wave-
form-equalized signal may be output to the extractor H61.

[0730] Thepulsating signals detected by the internal sensor H11 are detected as those having frequency characteristics
of reduced gain in a lower frequency region due to the ear canal H91 defined as a substantially closed spatial structure.
The waveform equalizer H41 compensates for the reduced gain of the frequency characteristics of the signal detected
by the internal sensor H11 in the low frequency region.

[0731] Alternatively, the waveform equalizer H41 may perform waveform equalization on a signal frequency-corrected
in the frequency corrector H51. The waveform equalizer H41 outputs a waveform-equalized signal to the extractor H61.

(Frequency corrector)

[0732] The frequency corrector H51 performs at least one operation among an amplification operation, an integral
operation, and a differential operation on the signal waveform-equalized in the waveform equalizer H41, for frequency
correction to retrieve at least one signal among a pulsatile volume signal, a pulsatile speed signal, and a pulsatile
acceleration signal. Such frequency correction can be achieved by a hardware circuit, software, or a combination thereof.
The frequency corrector H51 outputs the frequency-corrected signal to the extractor.

[0733] Alternatively, the frequency corrector H51 may perform frequency correction on a signal subtracted in the
subtractor H31. The frequency corrector H51 outputs a frequency-corrected signal to the waveform equalizer H41.
[0734] Theretrieval of one signalamong the pulsatile volume, speed, and acceleration signals in the frequency corrector
H51 is also referred to as a correcting process.

(Extractor)

[0735] The extractor H61 processes the waveform-equalized signal in the waveform equalizer H41 or the frequency-
corrected signal in the frequency corrector H51 to extract pulse wave information or respiration information of the subject.
Such a process can be achieved by a hardware circuit, software, or a combination thereof. The extraction of the pulse
wave information or respiration information of the subject is performed through frequency demodulation. The frequency
demodulation uses a phase-locked loop (PLL) to extract a respiration signal contained in pulsating signals as a modulated
component. The extraction of the pulse wave information or respiration information of the subject in the extractor H61
is also referred to as extraction.

(Pulse wave information and signal)

[0736] The pulse wave information according to this embodiment is a signal indicating vibrations originating from
pulsation of the heart of the subject H90 and propagating through a blood vessel. The pulse wave information is preferably
pure pulsating signals detected in a blood vessel in the ear canal H91 from which signals other than the pulse wave
information are removed. The pulse wave information includes, for example, a volume, speed, and acceleration pulse
wave signals.

[0737] Therespiration information represents a signal that indicates a respiration state when the subject H90 respires.
[0738] The signals detected by the internal sensor H11 include both pulsating signals and external signals. The
pulsating signals based on pulse wave information in a blood vessel in the ear canal H91 are detected by the internal
sensor H11 in the form of pressure information deriving from the pulsating signals and propagating through the cavity
H96. Such signals are detected as those having frequency characteristics of reduced gain in a lower frequency region
due to the ear canal H91 defined as a substantially closed spatial structure, and contain external signals (external noise)
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under the influence of external sounds.

[0739] Thessignal processor H3 of the subject information processing device H1 processes the signals from the internal
sensor H11 and the external sensor H12 to acquire pulsating signal less affected by external sounds from signals
including the pulsating signal and the external signal those detected by the internal sensor H11. The signal processor
H3 further acquires pulsating signal compensated for reduced gain in a low frequency region from the pulsating signal
less affected by external sounds.

<Configuration of subject information processing device>

[0740] An exemplary subject information processing device H1 according to this embodiment includes, as shown in
Fig. 72, the subject information detecting device H2 and the signal processor H3.

[0741] Thesignal processor H3 may be integrated with the subject information detecting device H2 or may be physically
separated from the subject information detecting device H2 but electrically connected therewith through a wireless or
wired network.

[0742] The subject information processing device H1 is connected to an external computer H81 and a waveform
indicator H82 through a wireless or wired network.

[0743] The computer H81 receives, processes, and stores a signal processed in the signal processor H3. The computer
H81 can determine the health state of the subject H91 based on the waveform of a pulsatile volume, speed, or acceleration
signal retrieved in the frequency corrector H51. The computer H81 can determine the respiration state and the sleeping
or awakening state of the subject H90 with a respiration signal extracted in the extractor H61.

[0744] The waveform indicator H82 receives a signal output from the signal processor H3 and displays the waveform
thereof. The frequency corrector H51 of the signal processor H3 outputs a pulsatile volume, speed, or acceleration signal
to the waveform indicator H82. The waveform indicator H82 displays the waveform of the pulsatile volume, speed, or
acceleration signal. The extractor H61 of the signal processor H3 outputs a respiration signal to the waveform indicator
H82. The waveform indicator H82 displays the waveform of the respiration signal. The frequency corrector H51 of the
signal processor H3 amplifies a pulsating signal from the sensor H31, and the waveform indicator H82 displays the
waveform of the amplified signal. Examples of such a waveform indicator H82 include a liquid crystal display, a CRT, a
printer, and a pen recorder.

<Subject information processing device>

[0745] The subjectinformation processing device H1 according to this embodiment, which are configured as described
above, the ear canal H91, the eardrum H93, the ear piece H39 of the chassis H11, and the internal sensor H11 form
the cavity H96 having a substantially closed spatial structure when the subjectinformation detecting device H2 is mounted
on the external ear H94 of the subject H90 such that the chassis H10 blocks the external opening H92 of the ear canal
H91 of the subject H90. The internal sensor H11 detects pulsating signals based on pulse wave information in a blood
vessel in the ear canal H91, the pulsating signals detected being in the form of pressure information propagating through
the cavity H96 and deriving from the pulsating signals, when the subject information detecting device H2 is mounted.
The pulsating signals have frequency characteristics of reduced gain in a lower frequency region. The internal sensor
H11 further detects external signals based on sounds from outside the ear canal H91. The external signals have frequency
characteristics of increased gain in a lower frequency region. The external sensor H21 collects external sounds outside
the ear canal.

[0746] The subject information processing device H1 can acquire pulsating signal less affected by external sounds
from the signal detected by the internal sensor H11 and the external sensor H12 through leakage correction in the
leakage corrector H21 and subtraction in the subtractor H31.

[0747] The subject information processing device H1 can acquire pulsating signals compensated for reduced gain in
a low frequency region through waveform equalization in the waveform equalizer H41.

[0748] The subject information processing device H1 can acquire one signal among pulsatile volume, speed, and
acceleration signals through frequency correction in the frequency corrector H51.

[0749] The subject information processing device H1 can extract pulse wave information or respiration information of
the subject H90 through extraction in the extractor H61.

[V-2. Signal processing]
[V-2-1. Overview of signal processing]

[0750] The subject information processing device H1 processes signals from the internal sensor H11 and the external
sensor H12 of the subject information detecting device H2 in the signal processor H3. The signal processing in the signal
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processor H3 will now be described:

[0751] The relationship between the frequency characteristics of signals acquired in the internal sensor H11 and the
external sensor H12, and the signal processing will now be described in brief and the signal processing will now be
described in detail.

[0752] The internal sensor H11 of the subject information detecting device H2 detects pulsating signals based on
pulse wave information in a blood vessel in a state where the chassis H10 blocks the external opening H92 of the ear
canal H91 of the subject H90 to form the ear canal H91 into the cavity H96 having a substantially closed spatial structure.
The signals detected by the internal sensor H11 are affected by the ear canal H91 defined as a substantially closed
"closed cavity". Accordingly, the internal sensor H11 detects pulsating signals based on pulse wave information in a
blood vessel in the ear canal H91. The pulsating signals are detected in the form of pressure information propagating
through the cavity H96 and deriving from the pulsating signals. The pulsating signals have frequency characteristics of
reduced gain in a lower frequency region. The internal sensor H11 further detects external signals based on sounds
from outside the ear canal H91. The external signals have frequency characteristics of increased gain in a lower frequency
region.

[0753] In order to describe the frequency characteristics of the signal detected by the internal sensor H11 which are
affected by the ear canal H91 defined as a substantially closed spatial structure, the definition of a closed cavity and
frequency response will now be described.

[0754] The signals detected by the internal sensor H11 and the external sensor H12 (hereinafter collectively referred
to as just "the sensor") are affected by the frequency characteristic of the sensor itself, which originate in the structure
ofthe sensor. The signals affected by the frequency characteristics of the sensor and frequency correction in the frequency
corrector H51 will now be described.

[0755] The sealing level of the ear canal H91, the frequency characteristics affected by the ear canal H91 defined as
a substantially closed spatial structure, and waveform equalization in the waveform equalizer H41 for compensating for
such frequency characteristics will now be described. A method for determining an optimum amount of boost will be
also described in connection with the waveform equalization.

[0756] The signals detected by the internal sensor H11 in the subject information detecting device H2, which are
affected by external sounds in the ear canal, include external noise. In order to alleviate the effect of external sounds,
the subject information processing device H1 subtracts a signal detected by the external sensor from a signal detected
by the internal sensor. The internal sensor H11 detects external signals based on external sounds in the ear canal H91
in a state where the ear canal H91 defines a substantially closed "closed cavity". The external sensor H12 collects
sounds in an open state. This results in difference in the frequency characteristics between the external signals detected
by the internal sensor H11 and ones by the external sensor H12. In view of the fact that the internal sensor H11 in the
ear canal H91 collects external noise (external sounds) through a gap between the ear piece H14 inserted in the ear
canal H91 and the external opening H92 in the ear canal H91, the external noise entering the ear canal H91, which is
detected by the internal sensor H11, has frequency characteristics of increased gain in a low frequency region. Even if
the internal sensor H11 and the external sensor H12 have the same frequency characteristics, mere subtraction of a
signal detected by the external sensor H12 from the signal detected by the internal sensor H11 cannot alleviate the
effect of the external noise enough. Accordingly, the signals detected by the external sensor H12, which collects external
sounds, must have frequency characteristics of increased gain in a low frequency region before subtraction.

[0757] The leakage corrector H21 of the subject information processing device H1 according to this embodiment
performs leakage correction on a signal from the external sensor H12 to increase the gain in a low frequency region so
that the signal from the external sensor H12 has frequency characteristics of increased gain in the low frequency region,
like those of the external signals detected by the internal sensor H11. The subtractor H31 of the subject information
processing device H1 according to this embodiment subtracts a leakage-corrected signal from the signal from the internal
sensor H11 to acquire a pulsating signal less affected by external sounds. These processes will also be described.
[0758] An extraction process in the extractor H61 for extracting pulse wave information or respiration information
contained as a modulated component in the pulsating signals will be also described.

[V-2-2. Definition of closed cavity and frequency response]
<Frequency response in open and close states>

[0759] The subject information detecting device H2 measures pulsating signals originating in pulsation of the blood
vessel not in an open state with the internal sensor H11, but a close state in terms of the relationship between the internal
sensor H11 and the source of vibration. More specifically, measurement is performed such that the ear canal H91, the
eardrum H93, the chassis H10, and the internal sensor H11 defines a closed spatial structure (closed cavity), that is,
the internal sensor H11 and the source of vibration are in a closed state.

[0760] To clarify the difference in the measuring conditions, a difference in frequency response between the opened
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and closed states will now be described when an electromagnetic dynamic microphone is used as the internal sensor H11.
[0761] The difference in frequency response between the opened and closed states when a dynamic microphone
internal sensor H11 is used in the subject information detecting device H2 or the subject information processing device
H1 according to this embodiment is the same as that when a dynamic microphone sensor 131 is used in the subject
information detecting device 11 or the subjectinformation processing device 13, described with reference to Figs. 11and 12.
[0762] Thechanges infrequency response obtained when a condenser microphone or balanced armature microphone
is used as the internal sensor H11 in the subject information detecting device H2 or the subject information processing
device H1 according to this embodiment are also similar to those when a condenser microphone or balanced armature
microphone is used as the sensor 131 in the subject information detecting device 11 or the subject information processing
device I3.

[0763] The subject information detecting device H2 and the subject information processing device H1 according to
this embodiment including the internal sensor H11 being a dynamic microphone, condenser microphone, or balanced
armature microphone can receive pressure information deriving from pulsating signals around 1 Hz in the subject H90
to detect the pulsating signals at high sensitivity, which was not available from any conventional sensor detecting in an
open state. Such measurement utilizes changes in frequency response or an increase in signal level due to the defined
closed cavity. Such a subject information detecting device H2 and subject information processing device H1 can also
extract a respiration signal from pulsating signals around 1 Hz.

[0764] The subject information detecting device H2 and the subject information processing device H1 according to
this embodiment each include MEMS-ECMs as the internal sensor H11 and the external sensor H12. The internal sensor
H11 can detect pulsating signals in a blood vessel in the subject HI0 at a high sensitivity and extract a respiration signal
of the subject H90 from pulsating signals around 1 Hz when the pulsating signals are detected in the ear canal H91
formed into a cavity having a substantially closed spatial structure. Since both the internal sensor H11 and the external
sensor H12 are MEMS-ECMSs, both signals detected by the internal sensor H11 and by the external sensor H12 can
have flat frequency characteristics of increased gain in a low frequency region, as shown in Fig. 12. Thus, no change
occurs in frequency characteristics due to the defined closed cavity, as shown in Figs. 11 and 12 among the signals
detected by the internal sensor H11 and by the external sensor H12.

<Definition of closed cavity and detection of pulsating signals>

[0765] When a microphone is used as the internal sensor H11 to capture the vibration (pulsating signals) of a blood
vessel originating in the heart, such pulsating signals are preferably detected as changes in pressure in a closed cavity
defined by the cavity H96 in order for the internal sensor H11 to respond with the frequency characteristics as shown
in Fig. 12. To enable such detection, the subject information detecting device H2 is mounted on the subject H90 by
inserting the chassis H10 into the ear canal H91 of the subject H90 to block the external opening H92 in the ear canal
H91 such that the ear canal H91, the eardrum H93, the chassis H10 and the internal sensor H11 forms the ear canal
H91 into the cavity H96 having a closed or substantially closed spatial structure. It is expected that this allow the signals
having frequency characteristics of enhanced frequency response in the low frequency region to be detected, as shown
in Fig. 12.

[V-2-3. Frequency characteristics and frequency correction of sensor]
<Frequency characteristics of sensor>

[0766] The frequency characteristics of a dynamic or condenser microphone used as the internal sensor H11 or
external sensor H12 in the subject information detecting device H2 and the subject information processing device H1
are similar to those of a dynamic or condenser microphone sensor 131 in the subject information detecting device 11 or
the subject information processing device 13.

[0767] The frequency characteristics in the low frequency region of 100 Hz or less when dynamic microphone or
condenser microphones used as the internal sensor H11 and the external sensor H12 in the subject information detecting
device H2 and the subject information processing device H1 according to this embodiment each define a closed cavity
are similar to those in the low frequency region of 100 Hz or less when a dynamic or condenser microphone sensor 131
in the subject information detecting unit |1 or the subject information processing device 13 defines a closed cavity,
described with reference to Fig. 13(a).

[0768] To acquire asignal thatindicates a change in the volume of pulsation of a blood vessel, a pulse wave measured
in a defined closed cavity with a dynamic earphone or MEMS-ECM used as the internal sensor H11 or the external
sensor H12 is allowed to pass through a simple differentiating circuitin a frequency range to be measured (approximately
0.5 Hzto 10 Hz). The resulting waveform is a speed pulse waveform, which shows a speed component acquired through
the differentiation of a normal pulse wave.
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<Frequency correction>

[0769] The frequency correction of pulsating signal output with a MEMS-ECM or a dynamic earphone used as the
internal sensor H11 or the external sensor H12 will now be described.

[0770] The frequency correction of the pulsating signal output with a MEMS-ECM or a dynamic earphones used as
the internal sensor H11 or the external sensor H12 in the subject information detecting device H2 or H1 is similar to that
with a MEMS-ECM sensor 131 in the subject information detecting unit 11 and the subject information processing device
13, described with reference to Figs. 6 and 14.

[0771] The frequency corrector H51, which has a function configuration as illustrated in Fig. 6, includes an amplifier
H52, an integral corrector H53, and differential corrector H54, like the frequency corrector 151.

[0772] A pulsating signal is sent to the amplifier H52 of the frequency corrector H51 for amplification. The subject
information processing device H1, which includes an ECM or MEMS-ECM as the internal sensor H11, has a speed pulse
wave as a signal output from the amplifier H52. This indicates that the frequency corrector H51 can acquire a speed
pulse wave without frequency correction other than amplification. A signal output from the amplifier H52 is sent to the
integral corrector H53 for compensation with an integrating circuit (integral operation) to acquire a volume pulse wave.
A signal output from the amplifier H52 is sent to the differential corrector H54 for compensation with a differentiating
circuit (differential operation) to acquire an acceleration pulse wave.

[0773] Asshown inFig. 13(a), the output from a dynamic earphone ora MEMS-ECM (observed data) having frequency
response that exhibits a reduction in sensitivity of 20dB/dec toward a lower frequency range in the frequency range of
100 Hz or lower is acquired in the form of a speed pulse wave (pulsatile speed signal). Accordingly, if no frequency
correction is performed in the form of an integral or differential operation during the detection of a signal with a dynamic
earphones or MEMS-ECM in a defined closed cavity, as shown in Fig. 14, a speed pulse wave can be acquired since
the speed pulse wave has frequency characteristics similar to those of the output from the MEMS-ECM, as shown in
Fig. 13(a). The speed pulse wave shown in Fig. 13(a) has an increase in gain of 20dB/dec along with an increase in
frequency and exhibits frequency characteristics that can generate speed pulse waves around the frequency of the pulse
waves.

[0774] Asshown in Fig. 14, pulsating signal output from a MEMS-ECM or a dynamic earphone undergoes a differential
operation to acquire a (volume) pulse wave. The differential operation allows the output to pass through an electric circuit
having frequency response of a reduced gain of -20dB/dec in the range of a significantly low frequency to 100 Hz, and
a flat frequency response in the frequency range higher than 100 Hz. The total frequency characteristics after the
differential operation are shown in Fig. 13(b). The volume pulse wave shown in Fig. 13(b) has no change in gain (0
dB/dec) in response to a change in frequency, and exhibits flat frequency characteristics that generate volume pulse
waves around the frequency of the pulse waves.

[0775] As shown in Fig. 14, the output from a dynamic earphone or MEMS-ECM undergoes a differential operation
to acquire an acceleration pulse. The differential operation allows the output to pass through an electric circuit having
frequency response of an increased gain of 20dB/dec in the range of a significantly low frequency to 100 Hz and a flat
frequency response in the frequency range higher than 100 Hz. The total frequency characteristics after the differential
operation are shown in Fig. 13(c). The acceleration pulse wave shown in Fig. 13(c) has an increased gain of 40dB/dec
along with an increase in frequency and exhibits the frequency characteristics that generate an acceleration pulse waves
around the frequency of the pulse wave.

[0776] Anyone ofthe volume wave, the acceleration wave, and the speed pulse wave may be acquired in the frequency
correction. In particular, a volume pulse wave is preferably acquired through an integral operation in the frequency range
of 100 Hz or less. The pulsating signal detected with a dynamic earphone or MEMS-ECM internal sensor H11, as shown
in Fig. 13(a), undergoes frequency correction in the form of an integral operation. The integral operation allows the
pulsating signal with frequency characteristics of a speed pulse wave that exhibits a reduction in sensitivity by 20dB/dec
toward a lower frequency range in a lower frequency range to pass through an electric circuit having frequency response
of a reduced gain at -20dB/dec in the range of a significantly low frequency to 100 Hz and a flat frequency response in
the frequency range higher than 100 Hz, as shown in Fig. 14. This results in a volume pulse wave having no change in
gain (0 dB/dec) in response to a change in frequency and exhibiting flat frequency characteristics as shown in Fig. 13(b).
The volume pulse waves having such frequency characteristics are preferred since the signals have increased gain in
a low frequency region around 1 Hz where pulse wave are detected.

[V-2-4. Sealing level of ear canal, frequency characteristics, and waveform equalization>
<Sealing level of ear canal and frequency characteristics, and waveform equalization>

[0777] In view of the above-mentioned frequency response when the dynamic microphone is used to define a closed
cavity, and the frequency response when the condenser microphone is used, a pulse wave compensated for frequency
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characteristics in the low frequency region seems to be acquired as follows: The subject information detecting device
H2 is used to detect pulsating signals in a state where the ear canal H91 forms a closed or substantially closed "closed
cavity"; in such a configuration, the pulsating signals, which are detected by the internal sensor H11, undergoes frequency
correction that takes into account the frequency characteristics of the internal sensor H11.

[0778] Unfortunately, body hair, for example, in the ear canal H91, which creates a gap between the chassis H10 and
the ear canal H91, mostly prevents the complete sealing of the ear canal H91, i.e., the definition of a completed closed
cavity. If the ear canal H91 does not have a completely sealed spatial structure regardless of the blockage of the external
opening H92, i.e,, if it cannot define a completed closed cavity, the sealing level of the ear canal is referred to as
"substantially closed".

[0779] Fig. 57(a) shows the frequency characteristics of a pulsating signal detected by the internal sensor H11 when
the sealing level of the ear canal is substantially closed. The ear canal H91 not sealed completely results in pulsating
signals attenuated in the frequency region between 0.1 Hz and 10 Hz (pulsating signal information detecting bandwidth)
depending on the sealing level of the ear canal, as shown in Fig. 57(a), although the pulsating signals have flat frequency
characteristics in the range of high frequency region to 10 Hz, as shown in Fig. 13(b). Such a reduced gain in the pulsating
signal information detecting bandwidth causes disturbance in the waveform of a pulse wave.

[0780] To cope with the problem, frequency compensation should be performed to compensate for the reduced gain
in the low frequency region between 0.1 Hz to 10 Hz when the sealing level of the ear canal is substantially closed. Such
compensation enhances the signal gain to a level necessary to detect pulse waves, as shown in Fig. 57(b). However,
attenuation of signals in the low frequency region depends on the sealing level of the ear canal H91, as shown in Fig.
57(a). Thus, the frequency compensation is preferably performed while the amount of boost is being varied in response
to the variation in attenuation.

[0781] The compensation performed for the attenuation in the low frequency region between 0.1 Hz and 10 Hz resulting
from a spatial structure of the ear canal H91 that is a substantially closed space due to an incomplete closure of the ear
canal H91 is also referred to as waveform equalization.

<Sealing level of ear canal and changes in frequency characteristics>

[0782] Exemplary changes in frequency characteristics due to the defined closed cavity and in accordance with the
sealing level of the ear canal can be indicated by the pulse waveforms in Figs. 59(a) to 59(c) and 58(a) to 59(c).
[0783] The changes in waveform acquired in the ear canal H91 defined as a completely or substantially closed spatial
structure in the subject information detecting device H2 and the subject information processing device H1 according to
this embodiment are similar to those in the subject information detecting device E1 and the subject information processing
device E2, described with reference to Figs. 59(a) to 59(c) and 58(a) to 59(c).

[0784] As described in the frequency characteristics of the sensor, a MEMS-ECM has small apertures to alleviate the
impact of wind. The leakage of air through the apertures results in signal attenuation of 6dB/dec toward a lower frequency
in the frequency range of 100 Hz or lower. Such attenuation of signals in a low frequency range also occurs when the
ear piece H14 fails to define the ear canal H91 as a closed space. Air vibrations having lower frequency (slower variations
in pressure) increase the likelihood of air leakage through the small apertures in the diaphragm and thus a decrease in
the amplitude of pressure, which results in more attenuation of signals. In contrast, air vibrations having higher frequency
(faster variations in pressure) decrease the likelihood of air leakage through the small apertures and thus a decrease
in the amplitude of pressure, which results in less attenuation of signals. Similarly, if there is a gap between the ear piece
H14 and the external opening H92 in the ear canal H91, air vibrations having lower frequency results in more air leakage
and thus more attenuation of signals, and air vibrations having higher frequency results in less air leakage and thus less
attenuation of signals. The changes in frequency characteristics at the frequency of the pulse wave component, as
observed in the pulse waves shown in Figs. 59(a) to 59(c) and 58(a) to 59(c), are caused by an incomplete blockage of
the ear canal H91.

<Waveform equalization and pulse waveform>

[0785] Thewaveform equalization in the subject information detecting device H2 and the subjectinformation processing
device H1 according to this embodiment is similar to that in the subject information detecting device E1 and the subject
information processing device E2, described with reference to Figs. 60 to 62.

[0786] Like the waveform equalization in the subject information detecting device E1 and the subject information
processing device E2, exemplary waveform equalization in the subject information detecting device H2 in according to
this embodimentis shown in Fig. 60. An electric circuit used to compensate for frequency characteristics in the waveform
equalization is shown in Fig. 61. A Bode plot for the electric circuit is shown in Fig. 62. The waveforms of the pulse waves
detected after the value 1/R5C; in Fig. 62 is varied to compensate for frequency characteristics in the subject information
detecting device H2 and the subject information processing device H1 according to this embodiment are as shown in
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Figs. 63(a) to 63(c), 64(a) to 64(c), and 65(a) to 65(c), like the waveform equalization in the subject information detecting
device E1 and the subject information processing device E2.

[0787] Asdescribed above, the waveform equalization can be described as a process to compensate for the attenuation
of pulse waves containing differential elements in the low frequency region between 0.1 Hz to 10 Hz to acquire pulse
waves free from the differential elements, wherein the pulse waves containing differential elements are acquired during
the detection of the pulsating signals in a blood vessel in the ear canal H91 that is formed into the cavity H96 having a
substantially closed spatial structure; and the pulse waves free from differential elements are acquired during the detection
of the pulsating signals in a blood vessel in a defined closed cavity. Alternatively, the waveform equalization can be
described as a process to increase the gain of a signal so as to compensate for the reduced gain in a lower frequency
region of the signal that have frequency characteristics of reduced gain in a lower frequency region due to the detection
of signals with the internal sensor H11 in the ear canal H91 defined as a substantially closed "closed cavity".

<Determination of optimum amount of boost>

[0788] The determination of an optimum amount of boost in compensation of frequency characteristics in the subject
information detecting device H2 and the subject information processing device H1 according to this embodiment is
similar to that in the subject information detecting device E1 and the subject information processing device E2, described
with reference to Figs. 66, 67(a-1) to 67(a-3), 67(b-1) to 67(b-3), and 68.

<Sealing level of ear canal and earphone>

[0789] Fig. 69 illustrates the relationship between the sealing level of the ear canal and the earphone.

[0790] The relationship between the sealing level of the ear canal H91 and the earphone in the subject information
detecting device H2 and the subject information processing device H1 according to this embodiment is similar to the
relationship between the sealing level of the ear canal E91 and the earphone in the subject information detecting device
E1 and the subject information processing device E2, described with reference to Fig. 69.

[0791] As shown in Fig. 69, the detection of a pulse wave having frequency of 0.1 Hz to 10 Hz requires a sealing level
of the ear canal from completely closed to substantially closed. If the sealing level of the ear canal is substantially closed,
a pulse wave free from a differential element can be obtained through waveform equalization.

[0792] The sealing level of the ear canal H91 is affected by the structure of the external ear H94, which depends on
the subject H90. The sealing level is also affected by the contact state between the chassis H10 of the subject information
detecting device H2, in particular, the ear piece H14 and the external opening H92 of the subject H90. A combination
of the subject information detecting device H2 and the subject H90 varies the sealing level of the ear canal H91 and
thus varies the frequency characteristics of a detected signal. This also varies a reduction in gain of a pulsating signal
detected by the internal sensor H11 in a lower frequency region due to the ear canal H91 defined as a substantially
closed spatial structure. Such variations in reduction in gain also affect the optimum amount of boost in the waveform
equalization to compensate for the reduced gain in such a low frequency region. It also affects the optimum amount of
boost in the leakage correction.

[0793] Accordingly, calibration is preferably performed to pre-determine the optimum boost, depending on a combi-
nation of the subject information detecting device H2 and the subject HI0, in the waveform equalization and the leakage
correction.

[0794] The relationship between the ear piece H14 of the subject information detecting device H2 and the external
opening H92 of the subject H90 depends on the states, such as the depth and inclination, of the subject information
detecting device H2 mounted into the ear canal. Such a change in the relationship may affect the sealing level of the
ear canal H91. Accordingly, calibration to determine the optimum boost for the waveform equalization and the leakage
correction is preferably performed every time the subject information detecting device H2 is mounted on the subject H90
to detect the subject information with the subject information processing device H1.

[V-2-5. Leakage correction]

[0795] Subtraction of a signal detected by the external sensor H12 from a signal detected at the internal sensor H11
requires processing of an external signal originating from the exterior of the ear canal H91 such that the external signal
acquired atthe external sensor H12 has frequency characteristics equivalent to the frequency characteristics of increased
gain in a lower frequency region of a signal detected at the internal sensor H11. In other words, the signal detected at
the external sensor H12 must undergo signal processing to have the frequency characteristics, equivalent to those of
the external signal in the ear canal H91 detected at the internal sensor and affected by a substantially closed spatial
structure of the ear canal H91.

[0796] As described above, a pulsating signal detected at the internal sensor H11 has frequency characteristics of
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reduced gain in the low frequency region between 0.1 Hz and 10 Hz, which is a pulse wave information detecting
bandwidth, in accordance with the sealing level of the ear canal, as shown in Fig. 57(a), at a sealing level "substantially
closed" of the ear canal. In other words, the pulsating signal detected by the internal sensor H11 has frequency char-
acteristics that have modified to have reduced gain in the lower frequency region. In contrast, in the external signal
based on an external sound outside the ear canal H91 detected at the internal sensor H11, the direction of changes in
frequency characteristics is reverse to the frequency characteristics of increased gain in a lower frequency region of the
pulsating signal detected at the internal sensor H11. In the leakage corrector H21, the signal from the external sensor
H12 may undergo leakage correction to increase the gain in the low frequency region so that the signal has frequency
characteristics as shown in Fig. 57(b), like the frequency characteristics of the compensating circuit for the pulsating
signal detected by the internal sensor H11. Such leakage correction amplifies signals in the low frequency region between
0.1 Hz and 10 Hz through frequency compensation with the frequency characteristics similar to that shown in the Fig.
57(b) to increase the signal level in the low frequency region between 0.1 Hz and 10 Hz, which is the pulse wave
information detecting bandwidth. In other words, a process of the leakage correction has a similar characteristics to
waveform equalization of the waveform equalizer.

[0797] The leakage correction at least need to increase the gain of signals in pulse wave information detecting band-
width, if the pulse wave information detecting bandwidth, which is the frequency range in which pulse wave information
is detected from a blood vessel, is contained in a frequency region lower than the frequency region with increased gain.
[0798] If the waveform equalization in the waveform equalizer H41 involves transmission of frequency components
higher than the pulse wave information detecting bandwidth without an increase in gain, an gradual increase in the gain
of the frequency components around the pulse wave information detecting bandwidth as the frequency decreases, and
an increase in the gain of the frequency components lower than the pulse wave information detecting bandwidth; the
leakage correction of the leakage corrector H21 needs the same processing for a signal from the external sensor H12
so that the leakage correction has the same characteristics as the waveform equalization. More specifically, the leakage
correction involves passing the frequency components higher than the pulse wave information detecting bandwidth
without an increase in gain, a gradual increasing in the gain of the frequency components at the pulse wave information
detecting bandwidth as the frequency decreases, and an increasing in the gain of the frequency components lower than
the pulse wave information detecting bandwidth.

[0799] The amount of the increased gain in the leakage correction should equal that in the waveform equalization.
The amount of the gradually increased gain in the leakage correction should equal that in waveform equalization.
[0800] In order that a signal from the external sensor H12 has the frequency characteristics equivalent to those of an
external signal detected by the internal sensor H11 which are affected by the substantially closed spatial structure of
the ear canal H91, the amount of the increased gain and the amount of the gradually increased gain in the leakage
correction preferably equal those in the waveform equalization, respectively. However, the amount of the increased gain
and the amount of the gradually increased gain in the leakage correction may not strictly equal those in the waveform
equalization, respectively when the leakage-corrected signal is subtracted from the signal from the internal sensor H11
in the subtraction, described below. The effect of external sounds can be alleviated if a signal from the external sensor
H12 has the frequency characteristics substantially equivalent to those of the external signal detected by the internal
sensor H11 which are affected by the ear canal H91 defined as a substantially closed spatial structure. Accordingly, the
amount of the increased gain and the amount of the gradually increased gain in the leakage correction preferably equal
or substantially equal those in the waveform equalization, respectively.

[0801] Exemplary leakage correction during the detection of a pulsating signal at the internal sensor H11 in the ear
canal the sealing level of which is substantially closed will now be described. More specifically, the pulsating signal is
detected as a signal having frequency characteristics of reduced gain at 20dB/dec in the frequency region lower than 7
Hz, including the pulse wave information detecting bandwidth, as shown in Fig. 74(a). In this case, an external signal
detected by the internal sensor H11 is detected as a signal having frequency characteristics of increased gain at 20dB/dec
in the frequency region lower than 7 Hz, including the pulse wave information detecting bandwidth, as shown in Fig. 74(b).
[0802] The waveform equalization of the waveform equalizer H41 performs waveform equalization on the signal de-
tected by the internal sensor H11 having the frequency characteristics, as shown in Fig. 74(c), to compensate for the
reduced gain in the low frequency region. The optimum amount of boost for the waveform equalization can be determined
by comparing the sampled value at each sampling point of the waveform acquired after the frequency compensation
with a pattern described above. As shown in Fig. 74(c), in this case, assume that the optimum amount of boost is achieved
by the waveform equalization involving transmission of the frequency components higher than 7 Hz without an increase
in gain, gradually increased gain of 20dB/dec in the frequency range between 0.1 Hz and 7 Hz (pulse wave information
detecting bandwidth) as the frequency decreases, and increased gain of the frequency components lower than 0.1 Hz.
[0803] The frequency characteristics shown in Fig. 74(c) have an optimum amount of boost. A signal, detected at the
internal sensor H11, having frequency characteristics as shown in Fig. 61(a), undergoes frequency compensation with
the frequency characteristics shown in Fig. 74(c) to acquire a signal compensated for the frequency characteristics of
reduced gain in a low frequency region. This indicates that a pulsating signal based on pulse wave information in a blood
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vessel detected at the internal sensor H11 undergoes signal processing with the frequency characteristics having a
reverse inclination to those shown in Fig. 74(c) due to a substantially closed spatial structure in the ear canal H91.
Accordingly, a signal detected at the external sensor H12 undergoes signal processing with the frequency characteristics
shown in Fig. 74 (d), which are similar to those shown in Fig. 74(c), to acquire frequency characteristics of increased
gain in a low frequency region as shown in Fig. 74(b), which are similar to those of an external signal detected by the
internal sensor H11.

[0804] In this case, the leakage correction of the leakage corrector H21 only needs to perform signal processing with
the frequency characteristics shown in Fig. 74 (d). More specifically, the leakage correction involves transmission of the
frequency components higher than 7 Hz without an increase in gain, gradually increased gain of frequency components
at 20dB/dec in the frequency range between 0.1 Hz and 7 Hz (pulse wave information detecting bandwidth) as the
frequency decreases, and increased gain of frequency components in the frequency range lower than 0.1 Hz. The
amount of the increased gain of frequency components in the frequency range of 0.1 Hz or less, as shown in Fig. 74
(d), should equal or substantially equal that in the frequency range of 0.1 Hz or less as shown in Fig. 74(c). Alternatively,
the amount of the gradually increased gain of frequency components in the frequency range between 0.1 Hz and 7 Hz,
as shown in Fig. 74 (d), should equal or substantially equal that in the frequency range between 0.1 Hz and 7 Hz as
shown in Fig. 74(c).

[0805] The leakage corrector H21 only has to pass the frequency components higher than the pulse wave information
detecting bandwidth and to gradually increase the gain of frequency components in the pulse wave information detecting
bandwidth as the frequency decreases, and may not necessarily increase the gain of frequency components lower than
the pulse wave information detecting bandwidth. This is also applicable to the waveform equalizer. The waveform
equalizer only has to pass the frequency components higher than the pulse wave information detecting bandwidth and
to gradually increase the gain of frequency components in the pulse wave information detecting bandwidth as the
frequency decreases, and may not necessarily increase the gain of frequency components lower than the pulse wave
information detecting bandwidth.

[0806] In Fig. 74 (d), the leakage correction to increase the gain of frequency components lower than 0.1 Hz, for
example, was described. Alternatively, a gradual increase in the gain of frequency components at 20dB/dec in the
frequency range between 0.1 Hz and 7 Hz as the frequency decreases may be applied to the frequency components
of 0.1 Hz or lower. In Fig. 74(c), the waveform equalization to increase the gain of frequency components in the frequency
range lower than 0.1 Hz was described. Alternatively, a gradual increase in gain of frequency components at 20dB/dec
inthe frequency range between 0.1 Hz and 7 Hz as the frequency decreases may be applied to the frequency components
of 0.1 Hz or lower.

[0807] Agradualincreaseingain offrequency componentsinthe frequency range lower than the pulse wave information
detecting bandwidth as the frequency decreases in the leakage correction and the waveform equalization results in a
continued increase in gain of a signal as the frequency decreases. To avoid this, the signal may undergo signal processing
such that it has flat frequency characteristics at a certain frequency, as shown in Figs. 74c¢(c) and 74(d).

[V-2-6. Subtraction]

[0808] The subtractor H31 subtracts a signal leakage-corrected in the leakage corrector H21 from a signal detected
at the internal sensor H11. This subtraction results in a pulsating signal less affected by external sounds.

[0809] The external signals based on the external sounds in the ear canal H91 detected at the internal sensor H11
have frequency characteristics of increased gain in a lower frequency region due to a substantially closed spatial structure
defined in the ear canal H91. Meanwhile, the signals from the external sensor H12 undergo leakage correction in the
leakage corrector H21 to increase the gain in alow frequency region so as to have the frequency characteristics equivalent
to those of signals, having frequency characteristics of increased gain in the low frequency region, detected by the
internal sensor H11. The leakage-corrected signal in the leakage corrector H21 thus has frequency characteristics more
similar to those, affected by a substantially closed spatial structure, of an external signal detected by the internal sensor
H11 than those of a signal detected by the external sensor H12 without leakage correction. Accordingly, the subtraction
in the subtractor H31 can effectively alleviate the effect of external sounds (external signals) contained in the signals
detected at the internal sensor H11.

[0810] Alternatively, a signal leakage-corrected in the leakage corrector H21 may be amplified before subtraction so
that the leakage-corrected signal and the signal detected by the internal sensor H11 have the same level.

[0811] Inthe field of music, a technique known as noise cancellation has been used. The technique alleviate the effect
of external sounds by generating signals that cancel the external sounds based on the sounds captured by a microphone
that collects external sounds and outputting the generated signals together with music signals.

[0812] In the noise cancellation for music, noise cancellation is known in the voice band having the characteristics
shown in Fig. 75. Fig. 75 shows frequency on the horizontal axis and the amount of external sounds cancelled by the
noise cancellation on the vertical axis. Fig. 75 shows three curves 101, 102, and 103, which indicate three noise can-
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cellation modes suitable for different environments to which noise cancellation is applied. The noise cancellation mode
101 is suitable for noise, for example, in train or bus, and used to cancel noise in a low frequency region. The noise
cancellation mode 102 is suitable for noise, for example, in airplane and effectively cancels noise having a higher
frequency than that in train or bus. The noise cancellation mode 103 is suitable for noise from, for example, OA devices
and air conditioners and effectively covers a wide frequency range from low to high.

[0813] Noise cancellation used in earphones or headphones used in the field of music cancels external sounds by
emitting signals in the frequency range of 40 Hz to 1.5 kHz, which corresponds to the human audible range. The three
exemplary noise cancellation modes shown in Fig. 75 also focus on noise cancellation in the human audible range. Such
noise cancellation techniques do not cancel inaudible signals having a low frequency around 1 Hz.

[0814] The subtractor H31 of the subject information processing device H1 according to this embodiment performs
subtraction in the frequency range between 0.1 Hz and 10 Hz, which is the pulse wave information detecting bandwidth
where pulse wave information in a blood vessel is detected. Such subtraction allows the pulsating signals based on
pulse wave information in a blood vessel detected by the internal sensor H11 to be acquired as signals less affected by
external sounds.

[V-2-7. Extraction of respiration signal]

[0815] The retrieval (or extraction) of pulse wave information or respiration information of the subject H90 in the
extractor H61 will now be described.

[0816] The extractor H61 of the subject information detecting device H2 and the subject information processing device
H1 according to this embodiment has the same configuration as that of the extractor 161 in the subject information
detecting device |1 and the subject information processing device 13, described with reference to Fig. 7, and can perform
frequency demodulation as the extractor 161 does.

[0817] The extractor H61, which has a functional configuration shown in Fig. 7, includes a phase comparator H62, a
low-pass filter H63, a voltage controlled oscillator (VCO) H64, and a frequency divider H65.

[0818] A respiration component can be extracted from a pulsating signal, modulated with the respiration component,
of the subject H90 by demodulating the pulsating signal.

[0819] The pulsating signal can be extracted as pulse wave information by removing the respiration component from
the pulsating signal, modulated with the respiration component, of the subject H90.

[0820] The pulse wave information or respiration information of the subject H90 in the subject information processing
device H1 according to this embodiment is extracted as shown in Fig. 76: The leakage corrector performs leakage
correction on a signal detected by the external sensor H12 in the subject information detecting device H2; the subtractor
H31 performs subtraction on the signal detected by the internal sensor H11 and the signal processed in the leakage
corrector H21; The waveform equalizer H41 performs waveform equalization on the subtracted signal; the frequency
corrector H51 performs frequency correction on the waveform-equalized signal to retrieve at least one signal among a
pulsatile volume, speed and, acceleration signals; and the extractor H61 performs frequency demodulation on at least
one pulsating signal among the frequency-corrected pulsatile volume, speed, and acceleration signals.

[V-3. Operation of subject information processing device]

[0821] The subject information detecting device H1, which has a configuration as described above, is mounted on the
subject H90, as shown in Fig. 73, such that the chassis H10 is inserted into the ear canal H91 in the subject H90 to
block the external opening H92 in the ear canal H91 and form the ear canal H91 into the cavity H96 having a close or
substantially closed spatial structure. In this configuration, the internal sensor H11 and the external sensor H12 in the
subject information detecting device H2 detect signals and the signal processor H3 processes the detected signals. The
signal processor H3 according to this embodiment includes, as shown in Figs. 72 and 76, the leakage corrector H21,
the subtractor H31, the waveform equalizer H41, the frequency corrector H51, and the extractor H61, and each performs
signal processing.

[0822] The signal processor H3 only have to perform leakage correction in the leakage corrector H21 and subtraction
in the subtractor H31. Preferably, the signal processor H3 further includes the waveform equalizer H41, the frequency
corrector H51, and the extractor H61 to perform waveform equalization, frequency correction, and extraction, respectively.
Alternatively, the order of the waveform equalization and the frequency correction may be changed.

[0823] The signal processing in the subject information processing device H1 according to this embodiment, which
has a functional configuration shown in Fig. 76, will now be described. The leakage corrector performs leakage correction
on a signal detected at the external sensor H12; the subtractor H31 performs subtraction on the signal processed in the
leakage corrector H21 from a signal detected at the internal sensor H11; the waveform equalizer H41 performs waveform
equalization on the signal subtracted in the subtractor H31; the frequency corrector H51 performs frequency correction
on the signal processed in the waveform equalizer H41; and the extractor H61 performs extraction on the signal processed
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in the frequency corrector H51.

[0824] As shown in Fig. 77, the internal sensor H11 of the subject information detecting device H2 detects a pulsating
signal based on pulse wave information in a blood vessel in the ear canal H91 in the form of pressure information deriving
from the pulsating signals and propagating through the cavity H96, the pulsating signal being signals having frequency
characteristics of reduced gain in a lower frequency region. The internal sensor H11 also detects an external signal
based on an external sound outside the ear canal H91 as a signal having frequency characteristics of increased gain
in alower frequency region. The internal sensor H11 further outputs the acquired signal to the subtractor H31 (Step SH11).
[0825] The external sensor H12 of the subject information detecting device H2 collect external sounds in the ear canal
and outputs acquired signals to the leakage corrector H21 (Step SH12).

[0826] The leakage corrector of the signal processor H3 performs leakage correction on the signals from the external
sensor H12 to increase the gain in a low frequency region so that the signals has frequency characteristics equivalent
to those of the external signal detected at the internal sensor H11. The leakage corrector outputs the leakage-corrected
signals to the subtractor H31 (Step SH13).

[0827] The subtractor H31 subtracts the signal processed in the leakage corrector H21 from the signal from the internal
sensor H11 and outputs the subtracted signal to the waveform equalizer (Step SH14). The subtraction allows the signals
detected at the internal sensor H11 to be acquired as signals less affected by external sounds (external signals).
[0828] The waveform equalizer performs waveform equalization on the signal processed in the subtractor H31 to
increase gain in a low frequency region so as to compensate for the reduced gain in the low frequency region of the
frequency characteristics of the pulsating signal detected at the internal sensor H11, and then outputs the waveform-
equalized signal to the frequency corrector (Step SH15). The waveform equalization results in the pulsating signal
compensated for the reduced gain in the low frequency region.

[0829] The frequency corrector H51 performs frequency correction on the signal waveform-equalized in the waveform
equalizer H41 to retrieve at least one signal among pulsatile volume, speed and acceleration signals, and outputs at
least the one signal among pulsatile volume, speed and acceleration signals to the extractor H61 (Step SH16).

[0830] Theextractor H61 performs extraction on atleast one signal among the pulsatile volume, speed, and acceleration
signals processed by the frequency corrector H51 to extract pulse wave information or a respiration signal in the pulsating
signal output (Step SH17).

[0831] In order to perform the waveform equalization in the waveform equalizer H41 in Step SH15, calibration is
preferably performed beforehand in a state where the subject information detecting device H2 is mounted on the external
ear H94 of the subject H90 to determine the optimum amount of boost for the waveform equalization.

[0832] In order to perform leakage correction in the leakage corrector H21 in Step SH13, the optimum amount of boost
for leakage correction is determined beforehand through calibration such that frequency characteristics for the leakage
correction are the same as those for waveform equalization. Such calibration is performed in a state where the subject
information detecting device H2 is mounted on the external ear H94 of the subject H90 to determine the optimum amount
of boost for the waveform equalization.

[V-4. Advantageous effect of subject information processing device]

[0833] The internal sensor H11 in the subject information detecting device H2 and the subject information processing
device H1 according to this embodiment detects pulsating signals in a blood vessel in the ear canal H91 in the form of
pressure information deriving from the pulsating signals and propagating through the cavity while the chassis H10 blocks
the external opening H92 in the ear canal H91 of the subject H90 and forms the ear canal H91 into the cavity H96 having
a substantially closed spatial structure. This allows a blood vessel in the ear canal H91, in particular, in the eardrum
H93, to be used for detection of pulsating signals of the subject H90.

[0834] The subject information detecting device H2 and the subject information processing device H1 perform meas-
urement in a closed spatial structure (closed cavity) defined by the ear canal H91, the eardrum H93, the chassis H10,
and the internal sensor H11. This enhances the signal-to-noise ratio and sensitivity of a pulsating signal in a low frequency
region, and those of a respiration signal extracted from the pulsating signal.

[0835] The subject information processing device H1 can acquire a pulsating signal less affected by external noise
by subtracting a signal from the external sensor H12 from a signal from the internal sensor H11 in the subtractor H31
to alleviate the effect of external sounds (external signals). Sounds outside the ear canal H91 enter the ear canal H91
through a gap between the ear piece H14 of the chassis H10 and the external opening H92 of the ear canal H91 when
the ear canal H91 is formed into a cavity having a substantially closed spatial structure. This results in the internal sensor
H11 detecting external signals based on external sounds as signals having frequency characteristics of increased gain
in a lower frequency region. The signals detected at the internal sensor H11 contain external signals based on external
sounds. The external signals are detected as signals having frequency characteristics of increased gain in alow frequency
region, including the pulse wave information detecting bandwidth where pulse wave information is detected. Accordingly,
the subject information processing device H1, which alleviates the effect of external signals, is particularly useful to
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detect living body signals having a relatively low frequency, such as pulsating signals based on pulsation information of
a human blood vessel.

[0836] The leakage corrector H21 of the subject information processing device H1 performs leakage correction on a
signal from the external sensor H12 used for subtraction such that the signal from the external sensor H12 has frequency
characteristics equivalent to those of an external signal detected at the internal sensor H11. As a result of such leakage
correction, the external signal detected at the internal sensor H11 and contained in the signal from the internal sensor
H11 used for the subtraction and the signal from the external sensor H12 have similar frequency characteristics. This
can effectively alleviate the effect of the external sound on the signal from the internal sensor H11 through subtraction
after leakage correction.

[0837] The waveform equalizer H41 of the subject information processing device H1 can compensate for reduced
gain in a low frequency region of a pulsating signal detected at the internal sensor H11 due to the ear canal H91 defined
as a substantially closed spatial structure, and enhance the detection sensitivity of a pulsating signal in the low frequency
region between 0.1 Hz and 10 Hz where pulse waves are detected. The waveform equalizer H41 allows a pulsating
signal free from differential elements to be acquired as a speed pulse wave signal.

[0838] The subject information processing device H1 can acquire at least one signal among pulsatile volume, speed
and acceleration signals which is less affected by external sounds, compensated for reduced gain in a low frequency
region and free from differential elements, due to the signal processing in the frequency corrector H51.

[0839] In particular, the pulsating signal output undergoes an integral operation, as shown in Fig. 14, to acquire a
(volume) pulse wave, as shown in Fig. 13(b). More specifically, the integral operation allows the output to pass through
an electric circuit having frequency response of reduced gain at -20dB/dec in the range from a significantly low frequency
to 100 Hz and a flat frequency response in the frequency region higher than 100 Hz. The volume pulse wave shown in
Fig. 13(b) has nochangeingain (0 dB/dec) in response to a change in frequency, and exhibits flat frequency characteristics
that generate volume pulse waves around the frequency of the pulse waves. In case of volume pulse wave signals, it
can improve the sensitivity of signals in the frequency range of 100 Hz or less (lower frequency range) when a dynamic
headphone, an ECM, or a MEMS-ECM is used as the internal sensor H11.

[0840] The subject information processing device H1 can extract pulse wave information or respiration information of
the subject H90 which is less affected by external sounds, compensated for reduced gain in a low frequency region and
free from differential elements, due to the extraction in the extractor H61.

[0841] If the internal sensor H11 and the external sensor H12 are each a dynamic speaker, each dynamic speaker
can function as a speaker or microphone. The subject information detecting device H2 may function as a microphone
to detect pulsating signals or function as an earphone (speaker unit of an earphone).

[V-5. Additional features]
<Changes in frequency characteristics due to closed cavity defined and compensation>

[0842] As described above, the leakage corrector H21 performs leakage correction on a signal from the external
sensor H12 to increase the gain in a low frequency region so that the signal from the external sensor H12 has frequency
characteristics equivalent to those of the signal detected at the internal sensor H11. If the internal sensor H11 and the
external sensor H12 are each a dynamic microphone, in particular, a nondirectional dynamic microphone, compensation
(compensation of frequency response) is preferably performed on the signal from the external sensor H12 before sub-
traction in the subtractor H31 so that the signal from the external sensor H12 has frequency characteristics equivalent
to those acquired in a state where a closed cavity is defined.

[0843] As described in Figs. 11 and 12, if the internal sensor H11 and the external sensor H12 are each a dynamic
microphone, a signal detected at the internal sensor H11 when a closed cavity is defined has flat frequency characteristics
because vibrations from source of vibration are converted into change in pressure of the closed space. Such flat frequency
characteristics allow signals in a low frequency region to be detected effectively at a high sensitivity. The internal sensor
H11 puts the ear canal H91 containing a source of vibrations in a closed state for measurement, which results in flat
frequency characteristics in a low frequency region, as shown in Fig. 12. In contrast, the external sensor H12 has no
closed space and collects external sounds in an opened state. Thus, the signal detected at the external sensor has
frequency characteristics of reduced gain in a low frequency region, as shown in Fig. 11. If the internal sensor H11 and
the external sensor H12 are each a nondirectional dynamic microphone having frequency characteristics of significantly
reduced gain in a low frequency, a signal from the external sensor H12 preferably undergoes the compensation to
acquire flat frequency characteristics of increased gain in a low frequency region, which are equivalent to those of the
signal detected at the internal sensor H11, before the signal from the external sensor is subtracted from the signal from
the internal sensor H11.

[0844] That is to say, if the internal sensor H11 and the external sensor H12 are each a nondirectional dynamic
microphone, a signal from the external sensor H12 preferably undergoes both compensation and leakage correction
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before subtraction in the subtractor H31 to acquire frequency characteristics corresponding to that of the signal detected
at the internal sensor H11. More specifically, the compensation compensates for changes in frequency characteristics
due to a defined closed cavity for the signal to acquire flat frequency characteristics, and the leakage correction increases
the gain in a low frequency region.

<External sensor>

[0845] In the above description, the external sensor H12 is disposed together with the internal sensor H11 in the
chassis H13 of the chassis H10. Alternatively, the external sensor H12 may be disposed physically separately from the
internal sensor H11 and the chassis H10. The external sensor H12 and the internal sensor H11 are preferably disposed
in the same environment in order to alleviate the adverse effect of external sounds detected at the internal sensor H11.
The external sensor H12 is preferably disposed in the vicinity of the internal sensor H11 if the external sensor H12 can
collect sounds outside the ear canal H91.

<Earphone or headphone>

[0846] An earphone or a headphone is used to listen to the music. Such an earphone or headphone normally includes
at least a pair of speakers for the right and left ears. The speakers of the earphone or the headphone may be used as
sensors for the internal sensor H11 and the external sensor H12 of the subjectinformation processing device H1 according
to this embodiment. One of the speakers may function as the internal sensor H11 and the other may function as the
external sensor H12.

[0847] Noise cancelling earphones or headphones each including a speaker that emits sound to be listened to and a
microphone for collecting external sounds are known. The speaker of a noise cancelling earphone or headphones for
emitting sound to be listen may be used as a sensor for the internal sensor H11 of the subject information processing
device H1 according to this embodiment. The microphone for collecting external sound may be used as sensor for the
external sensor H12 of the subject information processing device H1 according to this embodiment.

<Calibration of internal sensor and external sensor>

[0848] In the above description, the external sensor H12 and the internal sensor H11 are preferably of the same type
and preferably have the same frequency characteristics. Alternatively, calibration is performed beforehand to confirm
the each frequency characteristics of the internal sensor H11 and the external sensor H12. Alternatively, the internal
sensor H11 and the external sensor H12 may undergo leakage correction or waveform equalization, depending on their
frequency characteristics. Alternatively, the gain of signals of a certain frequency or the gain of signals in the entire
frequency range may be increased or decreased, depending on the frequency characteristics of the internal sensor H11
and the external sensor H12, before the subtraction in the subtractor H31.

<Determination of optimum amount of boost>

[0849] As described above, the optimum amount of boost can be determined by comparing the sampled value at each
sampling point of the waveform acquired after the frequency compensation with a pattern. Alternatively, the optimum
amount of boost may be determined as follows: The internal sensor H11 detects signals through a sponge and the
amount of boost is determined based on the frequency characteristics of the sponge. Examples of such a sponge include
foams of, for example, urethane, polyethylene, and polypropylene.

[0850] The sponge can be disposed between the internal sensor H11 and the ear canal H91 or the eardrum H93 such
that the through-hole H19 in the ear piece is blocked with the sponge. In this configuration, the internal sensor H11
detects pulsating signals based on pulse wave information in a blood vessel in the ear canal H91 in the form of pressure
information deriving from the pulsating signals and propagating through the cavity H96 and the sponge. The pulsating
signal detected at the internal sensor H11 through sponge undergoes changes in frequency characteristics and the
reduced gain in a low frequency region as shown in Fig. 57(a) exhibits the specific frequency characteristics that reflect
the sponge. Accordingly, the optimum amount of boost can be determined based on the specific frequency characteristics
of the sponge.

<Signal processor and signal processing>
[0851] In the above description, the subject information processing device H1 has a functional configuration shown

in Fig. 76. Alternatively, the frequency corrector H51 may perform frequency correction on a signal subtracted in the
subtractor H31. Then, the waveform equalizer H41 may perform waveform equalization on the signal processed in the
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frequency corrector H51. Further, the extractor H61 may perform extraction on the signal processed in the waveform
equalizer H41.

[0852] Alternatively, the waveform equalizer H41 may perform waveform equalization on a signal subtracted in the
subtractor H31 and the extractor H61 may perform extraction on the signal wave-equalized in the waveform equalizer H41.

<Signal processing with analog and digital circuits>

[0853] Inthe above description, pulsating signals are processed with an analog circuitincluded in the subject information
detecting device H2 and the subject information processing device H1. Alternatively, such signals may be processed
with a digital circuit included in the subject information detecting device and the subject information processing device.
Examples of such digital circuits include a combination of a circuit including a digital signal processor (DSP) and an
analog circuit or a combination of a central processing unit (CPU) and a DSP.

[VI. Subject information processing device extracting respiration signal]

[0854] The embodiments of a subject information processing device extracting a respiration signal according to the
sixth aspect of the present invention will now be described. The sixth aspect of the present invention is referred to as
"the present invention" in this embodiment.

[0855] With reference to drawings, the embodiments of the present invention will now be described.

[VI-1. Subject information processing device]
[VI-1-1. Exemplary configuration of subject information processing device]
<Configuration of subject information processing device>

[0856] A subjectinformation processingdevice C1 (hereinafterreferredto as the subjectinformation processing device)
includes a pulsating signal detecting unit C11 and a signal processor C41, as shown in Fig. 78.

[0857] The pulsating signal detecting unit C11, which detects and outputs pulsating signals to the signal processor
C41, includes a sensor C31 and a sensor mount C21.

[0858] The sensor C31 receives pressure information deriving from pulsating signals in an artery C73 in the subject
C71 to detect the pulsating signals in the artery C73 in the subject C71. A chassis C35 of the sensor C31 includes a
pressure information passage C32 and a sensor element C33 in an air chamber C34, which is an internal space in the
chassis C35. The artery may be hereinafter simply referred to as a blood vessel.

[0859] A sensor mount C21 is a portion that comes into contact with the skin C72 of the subject C71 when the subject
information processing device C1 is mounted on the subject C71, and is disposed such that it comes into contact with
the surface having a pressure information passage C32 of the sensor C31. The sensor mount C21 is formed of a rubber
O-ring C24, and includes a cavity C23 in communication with the pressure information passage C32 of the sensor C31
and an opening C22 that comes into contact with the subject C71. The cavity C23 have a closed spatial structure defined
when the subject information processing device C1 is mounted such that the opening C22 comes into contact with a
skin 72 of the subject C71. Such a closed spatial structure defined by the cavity C23 may be referred to as a "closed cavity".
[0860] The signal processor C41, which processes pulsating signal output from the sensor C31 of the pulsating signal
detecting unit C11, includes a signal corrector C51 and a frequency demodulator C61.

[0861] The signal corrector C51 performs frequency correction on the pulsating signal output from the sensor C31 to
retrieve at least one signal among pulsatile volume, speed, and acceleration signals.

[0862] The frequency demodulator C61 frequency-demodulates the pulsating signals output from the sensor C31 or
frequency-corrected signals in the signal corrector C51 to extract respiration signals from the pulsating signal output or
the signals frequency-corrected in the signal corrector C51.

[0863] The subject information processing device C1 is connected to an external computer C81 and a waveform
indicator C82 through a wireless or wired network.

[0864] The computer C81 receives to process or store a signal output from the signal processor C41. The computer
C81 can determine the health state of the subject C71 based on the waveform of a pulsatile volume, speed, or acceleration
signal retrieved in the signal corrector C51. The computer C81 can determine the respiration state and sleeping or
awakening state of the subject C71 with a respiration signal extracted in the frequency demodulator C61.

[0865] The waveform indicator C82 receives a signal output from the signal processor C41 and displays the waveform
thereof. The signal corrector C51 of the signal processor C41 outputs a pulsatile volume, speed, or acceleration signal
to the waveform indicator C82. The waveform indicator C82 displays the waveform of the pulsatile volume, speed, or
acceleration signal. The frequency demodulator C61 of the signal processor C41 outputs a respiration signal to the
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waveform indicator C82. The waveform indicator C82 displays the waveform of the respiration signal. The signal corrector
C51 of the signal processor C41 amplifies a pulsating signal from the sensor C31, and the waveform indicator C82
displays the waveform of the amplified signal. Examples of such a waveform indicator C82 include a liquid crystal display,
a CRT, a printer, and a pen recorder.

[0866] The subject information processing device C1 (hereinafter referred to as the device), which is configured as
described above, the cavity C23 defines a closed spatial structure (closed cavity) when the opening C22 comes into
contact with to the subject C71 to receive pressure information deriving from pulsating signals in the blood vessel C73
near the mounting portion of the subject information detecting unit C1 of the subject C71, to detect the pulsating signals
in the blood vessel C73 in the subject C71, and to retrieve at least one signal among pulsatile volume, speed, and
acceleration signals, and to extract a respiration signal, from the pulsating signal output.

<Subject>

[0867] The subject information processing device C1 can measure the pulsation of the artery C73 of any subject C71,
for example, any human or animal subject. In order to achieve close contact of the cavity C23 with the subject C71 such
that the opening C22 of the sensor mount C21 faces the subject C71 so as to form the closed cavity by the cavity C23,
the subject information processing device C1 is preferably mounted on the skin 72 of the subject C71.

[0868] In this configuration, pressure information deriving from pulsating signals from the artery C73 in the subject
C71 is received. Alternatively, the blood vessel C73 may be any blood vessel from which pulsation can be measured.
A vein or capillary may also be available for measurement.

[0869] Forahuman subject, a preferred mounting portion of the subject information processing device C1 is a forearm
because of ease of mounting and measurement, and high sensitivity of the measurement due to an artery located near
the surface of body. Alternatively, a fingertip is also preferred for the same reason. For animals, a mounting portion is
preferably selected in view of ease of mounting and measurement.

[0870] Anexemplary blood vessel C73 for detection of human pulsating signals with the subject information processing
device C1 is the radial or ulnar artery in a forearm.

<Diameter of opening>

[0871] The relationship between the diameter of the opening C22 in the subject information processing device C1
according to this embodiment and signal strength is similar to that between the diameter of the opening 122 in the subject
information detecting unit |1 and the subjectinformation processing device I3 and signal strength, described with reference
to Fig. 3.

[0872] A significantly large diameter of the opening C22, for example, a diameter exceeding 10 mm leads to a bulge
of the surface tissue, such as skin or hair, of the subject C71 to cause it to get into the cavity C23, which may block the
pressure information passage C32 or interfere with a sensor element C33 when the subject information processing
device C1 is mounted on the subject C71. A significantly large diameter of the opening C22 may prevent the cavity C23
from defining a closed cavity when the subject information processing device C1 is mounted on the subject C71 such
that it is put into tight contact with a three-dimensional shape of the subject C71. The cavity C23 may not define a closed
cavity when the subject information processing device C1 is mounted on a small portion of the subject C71, such as a
fingertip. At a constant height of the cavity C23, as the diameter of the opening C22 of the cavity C23 increases, the
volume of the cavity C23 increases. At a constant strength of pulsating signals, as the volume of the cavity C23 increases,
the attenuation of vibrations originating from pulsating signals in a blood vessel C73 also increases, which tendency
may reduce the strength of a signal detected at the sensor C31. A significantly large diameter of the opening C22 allows
the subject information processing device C1 to detect pulsating signals in the blood vessel 73 even if the detector is
not disposed immediately above the blood vessel C73, which dislocation may reduce the directivity of the sensor C31.
[0873] For these reasons, the diameter of the opening C22 ranges from normally 3 mm or more, preferably, 4 mm or
more, more preferably, 6 mm or more to normally 10 mm or less, preferably 8 mm or less. The lower limit of the diameter
of the opening C22 is preferably above the value of the lower limit of the above range. Since it increases the gain of the
detected pulsating signals and facilitates a close contact of the opening C22 at a position where vibrations from the
blood vessel C73 can be readily detected in a state where the subject information processing device is mounted on the
subject C71. The upper limit of the diameter of the opening C22 is preferably below the value of the upper limit of the
above range. Since it reduces the effect of the subject C71 in the opening C22 and prevents a reduction in sensitivity
and thus facilitates the sensor C31 to retain high directivity.

[0874] Since the diameter of arteries, such as radial or ulnar artery, at a wrist of an adult is approximately 2 mm, the
diameter of the opening C22 is preferably not less than twice and not more than four to five times that of the artery C73
so that the sensor C31 can detect pulsating signals from the artery C73 at a high sensitivity when the subject information
processing device C1 is mounted on a human wrist such that the opening C22 faces the skin of the subject. The lower
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limit of the diameter of the opening C22 is preferably above the value of the lower limit of the above range. Since it
contributes to a high gain of the detected pulsating signals and ease of a close contact of the opening C22 at a position
where vibrations from the blood vessel C73 can be readily detected in the subject information processing device C1
mounted on the subject C71. The upper limit of the diameter of the opening C22 is preferably below the value of the
upper limit of the above range. Since it contributes to a reduction in the effect of the subject C71 in the opening C22 and
thus prevents a drop in sensitivity due to an increase in the volume of the cavity C23, allowing the sensor C31 to have
high directivity.

[0875] If the subject information processing device C1 is mounted on a finger such that the opening C22 faces the
finger, the diameter of the opening C22 detecting pulsation signals from a capillary in the finger cannot be readily
determined based on the relationship between the diameter of the opening and the diameter of the blood vessel C73,
unlike the mount on a human wrist. In order to allow the cavity C23 to define a closed cavity to detect pulsating signals
at a high sensitivity, the diameter of the opening C22 preferably ranges from one half to three quarters of the finger span.

<Material of closed cavity>

[0876] In this configuration, the material forming the closed cavity is the rubber O-ring C24. Alternatively, the O-ring
may be composed of any resin or metal that can form the cavity C23 confining pulsating signals from the subject C71.
A rigid material may be used for the O-ring C24 for the purpose of defining the closed cavity C23. Alternatively, a material
having a high affinity for the skin C72, such as rubber or silicone, is preferred at least for a portion that comes into contact
with the skin C72, in view of the flexibility of the skin C72.

<Sensor>

[0877] The sensor C31 may be of any type capable of detecting pulsating signals in the blood vessel C73, preferably
be a microphone, which electrically detects air vibrations (sound pressure information) caused by vibrations of the skin
C72 of the subject C71, the vibrations of the skin C72 originating from pulsation in the blood vessel C73. Examples of
such microphones include condenser microphones, dynamic microphones, and balanced armature microphones. Con-
denser microphones are particularly preferred due to its high directivity, signal-to-noise ratio, and sensitivity. Electret
condenser microphones (ECMs) can be also suitably used. ECMs manufactured using microelectromechanical system
(MEMS) technology (hereinafter referred to as "MEMS-ECM") are also preferably used.

[0878] The pulsating signal detecting unit C11 includes a single sensor C31. Alternatively, the detector may include
two or more sensor C31 to acquire a pulsating signal by accumulating a signal captured by each sensor C31 in order
to improve the strength of a detected pulsating signal and the signal-to-noise ratio. If a plurality of the sensors C31 is
used in the pulsating signal detecting unit C11, MEMS-ECMs are preferably used because their small sizes facilitate
their implementation without a significant increase in the diameter of the opening C22. The MEMS-ECM, which has
stable quality, ensures that a signal acquired by accumulating a signal captured by each sensor C31 also has stable
quality when multiple MEMS-ECMs are connected in parallel.

[VI-1-2. Functional configuration of subject information processing device]
<Functional configuration of subject information processing device>

[0879] The subject information processing device C1, which has a functional configuration illustrated in Figs. 79 and
80, includes a pulsating signal detecting unit C11 and a signal processor C41. The signal processor C41 includes a
signal corrector C51 and a frequency demodulator C61.

[0880] Asdescribedabove, the pulsating signal detectingunit C11 receives pressure information deriving from pulsating
signals in the blood vessel C73 in the subject C71 detected at the sensor C31 to detect and output the pulsating signals
in the blood vessel C73 in the subject C71.

[0881] Asdescribed above, the signal corrector C51 performs frequency correction on the pulsating signal output from
the sensor C31 of the pulsating signal detecting unit C11 to retrieve at least one signal among pulsatile volume, speed,
and acceleration signals.

[0882] The retrieval of one signal among pulsatile volume, speed, and acceleration signals in the signal corrector C51
is also referred to as a correction process.

[0883] The signal corrector C51 is also referred to as a frequency corrector.

[0884] The signal corrector C51 performs at least one operation among amplification, integral, and differential oper-
ations with the frequency of the pulsating signals to retrieve at least one signal among pulsatile volume, speed, and
acceleration signals, which is also referred to as frequency correction.

[0885] The frequency demodulator C61 extracts a respiration signal contained in a pulsating signal as a modulated
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component through frequency demodulation that uses, for example, a phase-locked loop (PLL). The extraction of the
respiration signal in the frequency demodulator C61 is also referred to as extraction.

[0886] The frequency demodulator C61 is also referred to as an extractor.

[0887] The extraction of a respiration signal in the subject information processing device C1 may be performed by
sending pulsating signal output from the sensor C31 of the pulsating signal detecting unit C11 to the frequency demod-
ulator C61 for frequency demodulation, without sending it to the signal corrector C51, as shown in Fig. 79.

[0888] Alternatively, as shown in Fig. 80, the extraction of a respiration signal in the subject information processing
device C1 may be performed by sending pulsating signal output from the sensor C31 of the pulsating signal detecting
unit C11 to the signal corrector C51 for frequency correction, and then sending one signal among the frequency-corrected
pulsatile volume, speed, and acceleration signals to the frequency demodulator C61 for frequency demodulation.

<Extraction of respiration signal>

[0889] The frequency demodulator C61 of the subject information processing device C1 according to this embodiment
has a configuration similar to that of the extractor 161 of the subject information detecting unit11 and the subject information
processing device 13, described with reference to Fig. 7. The frequency demodulator C61 can perform frequency de-
modulation like the extractor 161.

[0890] The frequency demodulator C61, which has a functional configuration shown in Fig. 7, includes a phase com-
parator C151, a low-pass filter C152, voltage controlled oscillator (VCO) C153, and a frequency divider C154.

[0891] A respiration component can be extracted from a pulsating signal, modulated with the respiration component,
of the subject C71 through demodulation.

[VI-1-3. Operation of subject information processing device]

[0892] With reference to the flowcharts in Figs. 81 and 82, the operation of the subject information processing device
C1 will now be explained.

[0893] The sensor C31 of the pulsating signal detecting unit C11 in the subject information processing device C1,
having a functional configuration as shown in Fig. 79, detects a pulsating signal, as shown in Fig.81 (Step SC11).
[0894] The frequency demodulator C61 then performs frequency demodulation on the pulsating signal output detected
at the sensor C31 of the pulsating signal detecting unit C11 (Step SC12) to extract a respiration signal from the pulsating
signal output (Step SC13).

[0895] In the subjectinformation processing device C1 having the functional configuration shown in Fig. 80, the sensor
C31 of the pulsating signal detecting unit C11 detects a pulsating signal (Step SC21), as shown in Fig. 82. The signal
corrector C51 of the signal processor C41 then performs frequency correction on the pulsating signal output detected
at the sensor C31 of the pulsating signal detecting unit C11 (Step SC22) to retrieve one signal among pulsatile volume,
speed, and acceleration signals (Step SC23). The frequency demodulator C61 of the signal processor C41 performs
frequency demodulation on the retrieved signal among the pulsatile volume, speed, and acceleration signals (Step SC24)
to extract a respiration signal from the pulsating signal output (Step SC25).

[VI-1-4. Advantageous effect]

[0896] The subject information processing device C1 can detect pulsating signals in the blood vessel C73 and respi-
ration signals when the opening C22 of the subject information processing device C1 is placed above the blood vessel
C73, even if the pressure information passage C32 of the sensor C31 is not immediately above the blood vessel C73.
The subject information processing device C1 can be provided that detects pulsating signals in the blood vessel C73
and respiration signals, without a requirement for an exact positional relationship between sensor C31 and the blood
vessel C73.

[0897] The subject information processing device C1 allows the cavity C23 to define a closed cavity between the
sensor C31 and the skin C72 of the subject C71 when the opening C22 comes into contact with the subject C71 during
the detection of pulsating signals. The present subjectinformation processing device C1 limits the diameter of the opening
C22 to a predetermined size, thereby limiting the range of the pressure information received by the opening C22. This,
in turn, limits the sensing range of the subject information processing device C1 functioning as a pressure sensor. Such
limitation provides a higher directivity (or spatial resolution) than sensing with a sensor, such as a piezoelectric element
and microphone, in an open state.

[0898] Detection of pulsating signals near the blood vessel C73 utilizing the directivity of the subject information
processing device C1 can improve the signal-to-noise ratio and the sensitivity of a pulsating signal and a respiration
signal extracted from the pulsating signal.
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[VI-2. ECM and MEMS-ECM]

[0899] Fora sensor used as the sensor C31 of the subject information processing device C1, the relationship between
a closed cavity and the frequency response of the microphone will now be described. The ECM and MEMS-ECM,
detection of pulsating signals using them, frequency characteristics, and frequency correction will then be described.

[VI-2-1. Closed cavity and frequency response]

[0900] The subject information processing device C1 measures vibrations of pulsating signals in the blood vessel C73
not in an open state with the sensor C31, but a closed state in terms of the relationship between the sensor C31 and a
vibration source. More specifically, the measurement is performed in a state where the air chamber C34 in the sensor
C31 and the cavity C23 in communication therewith forms a closed spatial structure (closed cavity), that is, the space
defined by the sensor C31 and the source of vibration is in a closed state.

[0901] To clarify the difference in measuring conditions between the open and closed states, a difference in frequency
response between the opened and closed states of the sensor (microphone) will now be described.

[0902] The difference in frequency response between the opened and closed states when a dynamic microphone is
used as the sensor C31 in the subject information processing device C1 according to this embodiment is similar to that
when a dynamic microphone is used as the sensor 131 in the subject information detecting unit I1 and the subject
information processing device 13, described with reference to Figs. 11 and 12.

[0903] The difference in frequency response when a condenser microphone or balanced armature microphone is used
as the sensor C31 in the subject information processing device C1 according to this embodiment is similar to that when
a condenser microphone or balanced armature microphone is used as the sensor 131 in the subject information detecting
unit 11 and the subject information processing device 13.

[0904] When a dynamic, condenser, or balanced armature microphone is used as the sensor C31, the subject infor-
mation processing device C1 according to this embodiment can receive pressure information deriving from pulsating
signals around 1 Hz in the subject C71 and detect the pulsating signals of the vessels in the subject C71 at a high
sensitivity, which was not available from any conventional sensor detecting in an open state. Such measurement utilizes
changes in frequency response or an increase in signal level due to the defined closed cavity. The subject information
processing device C1 according to this embodiment can also detect a respiration signal of the subject C71 from a
pulsating signal around 1 Hz.

[VI-2-2. Definition of closed cavity and detection of pulsating signals]

[0905] When an ECM or a MEMS-ECM (also referred to as a silicon microphone) is used to capture the vibrations of
the blood vessel C73 (pulsating signals) originating from the heart, such a microphone preferably detects pulsating
signals having frequency characteristics shown in Fig. 12 as changes in pressure in a closed space defined by the cavity
(closed cavity). To achieve that, the microphone may be directly pressed against the skin of a human body. This defines
a closed space between the air hole and the diaphragm. It is expected that the pulsating signals is detected with the
frequency characteristics as shown in Fig. 12.

[0906] Unfortunately, a desired level of signal cannot be acquired even if the ECM or MEMS-ECM is pressed against
the subject. This is mainly because the diameter of the air hole is significantly small. For example, an ECM with an air
hole with a diameter of 2 mm can detect signals only when the air hole is placed immediately above the blood vessel
C73. Meanwhile, a MEMS-ECM cannot readily detect signals because the diameter of the air hole (sound hole) is smaller
than that of the blood vessel C73. Such a disadvantage of the ECM or MEMS-ECM is due to its characteristics; the ECM
or MEMS-ECM can detect pulsating signals in the blood vessel C73 immediately under the pressure information passage
C32 (air hole, sound hole) of the ECM or MEMS-ECM if the sensor mount C21, including the opening C22 and the cavity
C23, is not provided between the subject C71 and the sensor C31. Furthermore the soft skin tissue of the subject C71
may enter to block the pressure information passage C32.

[0907] The subject information processing device C1 includes the O-ring C24 functioning as the sensor mount C21
that includes the opening C22 and cavity C23 to define a closed cavity and communicates the cavity C23, the pressure
information passage C32 and the air chamber C34 of the sensor C31. This allows the subject information processing
device C1 to detect pulsating signals in the blood vessel C73 within the area covered by the opening C22.

[VI-2-3. Frequency characteristics of ECM and MEMS-ECM]
[0908] Both of a commonly used ECM and a MEMS-ECM incorporate measures against the impact of wind. A micro-

phone in a mobile phone has small apertures with a diameter of several tens of micrometers in the diaphragm to prevent
an abrupt change in pressure in response to a strong wind or user’s coughing, which, in turn, causes attenuation in a
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low frequency range. This phenomenon is understandable from the fact that air can pass through small apertures in the
diaphragm at a low flow rate.

[0909] Since the apertures in the diaphragm of the MEMS-ECM are manufactured in a semiconductor process, they
are homogeneous and stable. Thus, MEMS-ECMs have less variance in frequency response among individual devices
than ECMs.

[0910] The reduced sensitivity of a microphone in a low frequency region is effective to remove wind noise or reduce
the impact of wind if the microphone is used in an audible region (for example, 20 Hz or more). Unfortunately, the central
frequency of the pulse wave detected at the subject information processing device C1 is approximately 1 Hz, and
respiration signals notably appear in the frequency range of several hertz. Such reduced sensitivity in the low frequency
region may adversely affect the detection of pulse waves.

[0911] The verification of frequency characteristics of a microphone including a MEMS-ECM will be described.
[0912] As described above, the frequency characteristics of the subject information processing device C1 in a low
frequency region including 1 Hz needs to be verified to extract pulsating signals and respiration signals. Such verification
of frequency characteristics was performed with a device having a configuration shown in Fig. 83.

[0913] A speaker C403 was a dynamic speaker, a diaphragm was removed from the speaker C403, and a rubber
sheet was affixed to an exciter which was removed a paper cone while a voice coil was left in a movable state. MEMS-
ECM C405, the frequency characteristics of which are to be measured, having an increased diameter of a cavity was
pressure-bonded to the rubber sheet affixed to the speaker C403 such that the MEMS-ECM C405 faces the rubber
sheet to form a combined air chamber C404.

[0914] Inthis configuration, an FFT analyzer C401 (CF-7200) from ONO SOKKI CO.,LTD. was used as a low-frequency
signal generator to output signals having various frequencies in the range of 0.125-100 Hz by a sinusoidal sweep. The
signal from the FFT analyzer was sent to a DC power amplifier C402 for amplification. The amplified signal was sent to
the FFT analyzer (input C1).

[0915] A low-frequency signal generated in the low-frequency signal generator C401 drove a voice coil in the speaker
C403. A signal from the speaker C403 physically moved up and down the rubber sheet affixed to the speaker. A signal
from the MEMS-ECM C405 having detected the vibrations was sent to a frequency compensating circuit C406, if nec-
essary. A frequency-corrected signal C407 (volume, speed, or acceleration pulse wave signal) was sent to the FFT
analyzer as an input C2. The frequency compensating circuit C406 performs processing similar to that of the frequency
correction. A signal acquired through integration of a signal from the MEMS-ECM C405 was a volume pulse wave signal;
a signal acquired through amplification of a signal from the MEMS-ECM C405 was a speed pulse wave signal; and a
signal acquired through differentiation of a signal from the MEMS-ECM C405 was an acceleration pulse wave signal.
[0916] Forthe amplitude and phase characteristics of the signal (input 1) from the driven low-frequency signal generator
and of the signal (input 2), the value of signal 2/signal 1 was accumulated 128 times for each frequency over the sweeping
range of 0.125-100 Hz and averaged to determine the low-frequency characteristics of the MEMS-ECM at each frequency.
[0917] Fig. 84 illustrates the results of verification of low frequency characteristics with the above measuring method,
where frequency (Hz) is on the horizontal axis and amplitude (dB) is on the vertical axis.

[0918] As shown in Fig. 84, the MEMS-ECM used for the verification has frequency characteristics that exhibit a
reduction in sensitivity of 20dB/dec toward a lower frequency region. The pulsation of a heart normally has a frequency
of about 1 Hz (for heart beats of 60 times/minute), which represents a differential characteristic of an original signal to
be detected and is equivalent to a differentiating circuit with a pole around 100 Hz.

[0919] To acquire a signal that indicates a change in volume, a pulse wave measured with a MEMS-ECM is allowed
to pass through a simple differentiating circuit in a frequency range to be measured (approximately 0.5 Hz to 10 Hz).
The resulting waveform is that of a speed pulse wave, which shows a speed component acquired through differentiation
of a normal pulse wave.

[0920] An acceleration pulse wave, which is often used to determine the state of a blood vessel, is acquired through
further differentiation by time.

[VI-2-4. Frequency correction]
<Frequency correction>

[0921] The frequency correction of pulsating signal output will now be described.

[0922] The frequency correction of pulsating signal output when a MEMS-ECM or a dynamic headphones is used as
the sensor C31 in the subject information processing device C1 according to this embodiment is similar to that when a
MEMS-ECM sensor 131 is used in the subject information detecting unit 11 and subject information processing device
I3 shown in Figs. 6 and 14.

[0923] The MEMS-ECM output (observed data) that exhibits a response, as shown in Fig. 84, is acquired as a speed
pulse wave if no frequency correction is performed.
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[0924] Toacquire a pulse wave and then an acceleration pulse wave from the MEMS-ECM output, frequency correction
is performed to allow the output to pass through the electric circuit that exhibits the frequency response as shown in Fig. 14.
[0925] The output from the MEMS-ECM is allowed to pass through an electric circuit having frequency response of
reduced gain at -20dB/dec in the range of a significantly low frequency to 100 Hz and a flat frequency response in the
frequency region higher than 100 Hz to acquire (volume) pulse wave. In contrast, the output from the MEMS-ECM is
allowed to pass through an electric circuit having frequency response of increased gain at 20dB/dec in the range of a
significantly low frequency to 100 Hz and a flat frequency response in the frequency region higher than 100 Hz to acquire
an acceleration pulse wave. No correction performed on the output from the MEMS-ECM results in a speed pulse wave.
Fig. 85 illustrates the total frequency characteristics after correction with these circuits.

[0926] In Fig. 85, line D indicates the frequency characteristics of a speed pulse wave, line E a volume pulse wave,
and line F an acceleration pulse wave.

[0927] The acceleration, speed, and volume pulse waves shown in Fig. 85 have increased gain of 40dB/dec, 20dB/dec,
and 0dB/dec, respectively, as the frequency increases. These pulse waves each have the frequency characteristics that
generate the acceleration, speed, and volume pulse wave around the frequency of the pulse waves.

[0928] Fig. 86 illustrates the configuration of an analog circuit that performs such frequency correction.

[0929] In Fig. 86, the area A indicates an amplifying circuit, the area B an integrating circuit, and the area C a differ-
entiating circuit.

<Frequency correction and pulse waveform>

[0930] Fig. 87 illustrates the pulse waveform observed when MEMS-ECM is pressed against a radial bone in a state
where the diameter of the opening C22 is expanded to allow the cavity C23 to define a closed cavity. Fig. 87 (b) illustrates
the speed pulse waveform (observed data) acquired through measurement. Fig. 87(a) illustrates a volume pulse wave
acquired through compensation for the speed pulse wave with the above-mentioned integrating circuit. Fig. 87(c) illus-
trates an acceleration pulse wave acquired through compensation for the speed pulse wave with the above-mentioned
differentiating circuit.

[0931] The volume, speed, and acceleration pulse waveforms are used for health care or diagnosis of disease in
various fields, such as the Oriental medicine. Fig. 88(a) illustrates an exemplary volume pulse waveform measured from
a carotid with a piezoelectric element. Figs. 88(b) and 88(c) illustrate exemplary speed and acceleration pulse waveforms,
respectively.

[0932] As shown in Figs. 87(c) and numerical reference "a" to "e" to peaks of 88(c), the waveforms have peaks "a" to
"e", which are characteristic to the acceleration pulse wave. The relative amplitudes of waves "b" and "d" are clinically
important factors used to determine the correlation with cardiovascular disease or to estimate an age or blood pressure.
The waves "b" and "d" are generated through synthesis of the waveforms of a percussion wave (PW) from a heart and
a tidal wave (TW) from a capillary barrier. The waveforms of the waves "b" to "d" vary significantly, depending on the
shape of the dents indicated by PW and TW shown in the volume pulse waveform in Fig. 87(a).

[0933] The comparison of the waveforms in Figs. 87 and 88 shows that the measurement of pulse waves with an
MEMS-ECM results in an emphasized difference in waveform between PW and TW in the observed volume pulsating
wave (Fig. 87(a))and the formation of clear peaks in the acceleration pulse wave (Fig. 87(c)).

[0934] The subject information processing device C1 according to the present invention, which includes the cavity
C23 that defines a closed cavity and an ECM or a MEMS-ECM sensor C31, can significantly improve the signal-to-noise
ratio in a low frequency region and thus acquire clearer pulse waves.

[VI-3. Subject information processing device including MEMS-ECM]

[0935] An embodiment of the subject information detecting unit according to the present invention including a MEMS-
ECM sensor will now be described.

[0936] The embodiment has the same configuration as that of the subject information processing device C1, other
than several components. The same reference numerals are assigned to the same or similar components as those of
the above-mentioned subject information detecting unit C1 without redundant description.

[VI-3-1. Exemplary configuration of subject information processing device including MEMS-ECM]

[0937] As shown in Fig. 78, the subject information processing device including a MEMS-ECM includes a pulsating
signal detecting unit C11 and a signal processor C41. The subject information processing device C1 includes the MEMS-
ECM as the sensor C31 of the pulsating signal detecting unit C11, as shown in Fig. 78.

[0938] Fig. 89 is a schematic view of an exemplary configuration of the pulsating signal detecting unit C301 including
a MEMS-ECM sensor C31. Fig. 90 is a schematic view of another exemplary configuration of the pulsating signal
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detecting unit C351 including a MEMS-ECM sensor C31.

[0939] As shown in Fig. 89, the pulsating signal detecting unit C301 includes a MEMS-ECM C311 functioning as the
sensor C31. The MEMS-ECM C311 includes a sound hole C312 functioning as the pressure information passage C32.
An air chamber C315, which is an internal space of the MEMS-ECM C311, is in communication with the exterior of the
MEMS-ECM C311. The air chamber C315 in the MEMS-ECM C311 includes a MEMS diaphragm C313 and back plates
C314. The sensor mount C21 includes a rubber O-rings C333 and a substrate C334. A cavity C332, in communication
with the sound hole C312, defines a closed spatial structure (closed cavity) when the pulsating signal detecting unit
C301 is mounted on a subject C341 such that an opening C331 defined by the O-rings C333 faces the subject C341.
[0940] As shown in Fig. 89, C316 and C317 indicates supports which constitute a sensor element, C318 indicates a
CMOS, C319 and C320 indicates bonding wires, C321 indicates an epoxy covering the CMOS, C322 indicates a lid of
the MEMS-ECM C311, and C323 indicates a wall of the MEMS-ECM C311.

[0941] The vibrations from the subject C341 are captured at the opening C331 and propagate through the cavity C332
and the sound hole C312 into the air chamber C315. This causes a change in the distance between the diaphragm C313
and the back plates C314, which causes a change in capacitance. The change in capacitance is used to detect pulsating
signals in a blood vessel C73.

[0942] Alternatively, as shown in Fig. 90, the pulsating signal detecting unit C351 includes an MEMS-ECM C361
functioning as a sensor. The MEMS-ECM C361 includes a sound hole C362 functioning as a pressure information
passage. An air chamber C365, which is an internal space of the MEMS-ECM C361, is in communication with the exterior
of the MEMS-ECM C311. The air chamber C365 in the MEMS-ECM C361 is provided with a MEMS diaphragm C363
and back plates C364. The sensor mount C21 includes a rubber O-rings C383 and a substrate C384. The cavity C382,
which is in communication with the sound hole C362 and an hole C372 in the substrate, defines a spatial structure
(closed cavity) when the pulsating signal detecting unit C351 is mounted on a subject C391 such that an opening C381
defined by the O-rings C383 faces the subject C391.

[0943] As shown in Fig. 90, C366 and C367 indicates supports which constitutes a sensor element, C368 indicates
a CMOS, C369 and C370 indicates bonding wires, and C371 indicates an epoxy covering the CMOS.

[0944] The vibrations from the subject C391 are captured at the opening C381 and propagate through the cavity C382
and the sound hole C362 into the air chamber C365. This causes a change in the distance between the diaphragm C363
and the back plates C364, which causes a change in capacitance. The change in capacitance is used to detect pulsating
signals in a blood vessel C73.

[VI-3-2. Functional configuration of subject information processing device including MEMS-ECM]

[0945] The subject information processing device C1 including a MEMS-ECM, which has a functional configuration
as shown in in Figs. 79 and 80, includes a pulsating signal detecting unit C11 and a signal processor C41. The signal
processor C41 includes a signal corrector C51 and a frequency demodulator C61.

[0946] The subject information processing device C1 including a MEMS-ECM includes the MEMS-ECM sensor in the
pulsating signal detecting unit C11. Pulsating signal output from the MEMS-ECM is sent to the signal corrector C51 or
the frequency demodulator C61.

[0947] As shownin Fig. 7, the frequency demodulator C61 extracts a respiration signal from a pulsating signal through
frequency demodulation utilizing a PLL.

[0948] Fig. 91 illustrates a partial functional configuration of the subject information processing device including a
MEMS-ECM (the pulsating signal detecting unit C11 and the signal corrector C51). A subject information processing
device C421 including a MEMS-ECM includes a pulsating signal detecting unit C422 and a signal corrector C425. The
pulsating signal detecting unit C422 includes a condenser microphone C423 and an impedance converter C424. The
signal corrector C425 includes an amplifier C426, an integral corrector C427, and a differentiation corrector C428. The
subject information processing device including an ECM includes a MEMS-ECM functioning as a condenser microphone
C423.

[0949] The pulsating signal detecting unit C422, which includes the condenser microphone C423 and the impedance
converter C424, corresponds to the sensor C31 in the pulsating signal detecting unit C11 in Figs. 79 and 80. The signal
corrector C425, which includes the amplifier C426, the integral corrector C427, and the differentiation corrector C428,
corresponds to the signal corrector C51 in Figs. 79 and 80.

[0950] A signal acquired in the condenser microphone C423 is sent to the impedance converter C424 for impedance
conversion. The output from the impedance converter C424 is sent to the amplifier C426 for amplification. In the subject
information processing unit including a MEMS-ECM, a signal output from the amplifier C426 is a speed pulse wave.
Thus, the signal corrector C425 can acquire a speed pulse wave only through amplification, without other frequency
correction. A signal output from the amplifier C426 is sent to an integral corrector C427 for compensation with an
integrating circuit, which compensation generates a volume pulse wave. A signal from the amplifier C426 is sent to a
differential corrector C428 for compensation with a differentiating circuit, which compensation generates an acceleration
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pulse wave.
[VI-3-3. Operation of subject information processing device including a MEMS-ECM]

[0951] The subject information processing device including a MEMS-ECM extracts a respiration signal from a pulsating
signal, as shown in the flowcharts in Figs. 81 and 82.

[0952] Exemplary detection of a pulsating signal and a respiration signal when the subject information processing
device C1 including a MEMS-ECM is mounted on a human fifth finger in a state where the opening defined by the O-
rings of the subject information processing device C1 faces the finger will now be described.

[0953] A pulsating signal detected at the pulsating signal detecting unit is acquired as a speed pulse wave in the
subject information processing device C1 including a MEMS-ECM. The speed pulse wave is processed in the frequency
demodulator C61 to extract a respiration signal. Alternatively, the speed pulse wave undergoes frequency correction in
the signal corrector C51 into a volume pulse wave or an acceleration pulse wave. The volume pulse wave or the
acceleration pulse wave is processed in the frequency demodulator C61 to extract a respiration signal.

[0954] The comparison between Figs. 92 and 93 evidentially shows that the frequency spectra of a pulsating signal
detected in the subject information processing device C1 including a MEMS-ECM during normal respiration (Fig. 92)
contains spectra modulated by respiration (modulated spectra by respiration)in the form of a side band. Such modulation
of the frequency of a pulse wave due to respiration was not observed in the spectrum of the pulse waves detected by
a conventional detector (Fig. 93). The modulated spectrum is performed frequency demodulation in the frequency
demodulator C61 to extract a respiration signal.

[0955] Fig. 94(b) illustrates changes in a volume pulse waveform as the time elapses. The pulse waveforms from 0
second to approximately 51 seconds, from approximately 51 seconds to approximately 1 minute and 21 seconds, and
from 1 minute and 19 seconds onwards correspond to those when the subject respires normally, suspends respiration,
and exhales (normal respiration), respectively.

[0956] Fig. 94(a) illustrates the waveform (respiration waveform) of a respiration signal extracted from the volume
pulse waveform in Fig. 94(b). As shown in Fig. 94(a), the respiration waveform from 0 second to approximately 51
seconds is stable. The waveform from approximately 51 seconds to approximately 55 seconds is almost similar to normal
respiration in spite of the suspension of respiration. The waveform from approximately 55 seconds to approximately 1
minute and 21 seconds indicates that the signal level is low due to the suspension of respiration. The waveform from 1
minute and 21 seconds onwards indicates the signal level is high due to the restoration to normal respiration of exhaling
following the suspension of respiration. Thus, the respiration waveform extracted from the pulse waveform is affected
by the action of the subject.

[VI-3-4. Advantageous effect]

[0957] Figs. 92 and 93 evidentially shows that the subject information processing device C1 according to the present
invention, which includes a combination of a closed cavity and a MEMS-ECM, significantly improves the signal-to-noise
ratio of a pulsating signal in a low frequency region. This allows the frequency of a pulse wave modulated by respiration
to be observed, which was not available with a conventional detector.

[0958] Figs. 94(a) and 94(b) evidentially shows that the subject information processing device C1 according to the
present invention, which includes a combination of a closed cavity and a MEMS-ECM, allows a respiration signal to be
demodulated from a pulse waveform and changes in the respiration waveform in response to the action of a subject to
be captured, unlike a conventional detecting method that involves extraction of a pulse wave demodulated with trans-
mission distortion appearing in the base band through a low-pass filter of 0.3 Hz or less.

[VI-4. Additional features)

[0959] Inthe above description, pulsating signals are processed with an analog circuitincluded in the subject information
processing device. Alternatively, such signals may be processed with a digital circuit included in the subject information
processing device. Examples of such digital circuits include a circuit including a digital signal processor (DSP).

[0960] Alternatively, pulsating signals detected in the pulsating signal detecting unit C11 may be output through an
external A/D converter to a computer for processing the signals with a CPU.

[VII. Method of evaluating degree of aging]
[0961] The embodiments of a method of evaluating the degree of aging according to the seventh aspect of the present

invention will now be described. The seventh aspect of the present invention is referred to as "the present invention" in
this embodiment.
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[0962] The embodiments of the method of evaluating the degree of aging according to the present invention will now
be described in detail. The present invention should not be limited to these embodiments, and any modification may be
made without departing from the scope of the invention.

[VII-1. Method of evaluating degree of aging]

[0963] A method of evaluating a degree of aging according to the present invention (hereinafter referred to as the
evaluating method) includes a basic time-series data acquiring step for acquiring basic time-series data from heart rate
data having common characteristics distributed over time; aging evaluation data acquiring step for extracting fluctuation
information from the basic time-series data acquired in the basic time-series data acquiring step to obtain data for
evaluating the degree of aging from data containing the fluctuation information; and an aging evaluating step for comparing
the data for evaluating the degree of aging acquired in the aging evaluation data acquiring step with reference data for
evaluating the degree of aging used as areference value for evaluating the degree of aging to evaluate the degree of aging.
[0964] An aging evaluating device according to the present invention (hereinafter referred to as the evaluating device)
includes a basic time-series data acquiring means for acquiring basic time-series data from heart rate data distributed
over time and having common characteristics; an aging evaluation data acquiring means for extracting fluctuation infor-
mation from the basic time-series data acquired in the basic time-series data acquiring means and acquiring data for
evaluating the degree of aging from data containing the fluctuation information; and an evaluating means for comparing
the data for evaluating the degree of aging acquired in the aging evaluation data acquiring means with reference data
for evaluating the degree of aging used as a reference value for evaluating the degree of aging to evaluate the degree
of aging.

[0965] The degree of aging is an index that indicates the progress of aging of a subject is at the time of evaluation of
the degree of aging.

[0966] The evaluating method and device (hereinafter collectively referred to as the evaluating method) have been
created by the present inventors. The present inventors have found that the data for evaluating the degree of aging
obtained from heart rate data from subjects aged 60 or more have a correlation with the reference data for evaluating
the degree of aging, and that the degree of aging can be evaluated through comparison of the data for evaluating the
degree of aging with reference patterns for evaluating the degree of aging indicated in the reference data for evaluating
the degree of aging. More specifically, when the above-mentioned aging curves are used as reference data for evaluating
the degree of aging, the degree of aging can be evaluated through comparison of the data for evaluating the degree of
aging that can be obtained from peak-to-peak fluctuation information in the heart rate data with the data of patterns of
changes in a degree of self-reliance with aging that appear in the aging curves.

[0967] The reasons why the degree of aging can be evaluated through comparison of the data for evaluating the
degree of aging with the reference data for evaluating the degree of aging is as follows: A DFA inclination, which is the
data for evaluating the degree of aging, is obtained from fluctuations in heart rate data information. A reduced DFA
inclination indicates a shift from a stable heartbeat due to a balance between sympathetic nerve and parasympathetic
nerve to an unstable heartbeat due to aging. Presumably, a subject with an unstable heartbeat may have a reduced
degree of self-reliance with aging. Thus, a DFA inclination correlates with the degree of self-reliance. Accordingly, a
DFA inclination, which is data for evaluating the degree of aging, is compared with the data of reference patterns for
evaluating the degree of aging which correspond to changes in a degree of self-reliance of a person that are reference
data for evaluating the degree of aging, to confirm the progress of aging of a subject based on the age of the subject.

[VII-1-1. Basic time-series data acquiring step or means]

[0968] The basic time-series data acquiring step or means analyzes basic time-series data from heart rate data having
common characteristics distributed over time and obtained through measurement with a measuring device with computer
software for acquiring basic time-series data (hereinafter referred to as the software, the computer program, or the
program) to obtains basic time-series data.

[0969] The heart rate data, which indicates pulsation of a heart, includes, for example, pulse wave data indicating
pulse wave information (hereinafter just referred to as pulse waves) and electrocardiographic data indicating electro-
cardiographic information (hereinafter just referred to as an electrocardiogram). A pulse waveform, which indicates
changes in pressure or volume in a blood vessel, can be used as a pulse wave. An electrocardiographic waveform
(electrocardiographic waveform data indicated by an electrocardiogram) which indicates the electrical activities of a
heart can be used as electrocardiogram. Pulse waves or electrocardiograms can be acquired with known devices or
methods, such as a pulse wave meter and an electrocardiograph.

[0970] The common characteristics over time of the heart rate data include peaks in the waveform of heart rate data,
i.e., peaks in a pulse waveform or in an electrocardiogram waveform. In particular, R components (R waves) in an
electrocardiogram waveform can be suitably used as electrocardiographic data.
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[0971] The basic time-series data includes a peak-to-peak interval in the heart rate data, i.e., a peak-to-peak interval
in a pulse waveform or in an electrocardiogram waveform. In particular, an interval between R components (R waves)
in an electrocardiogram waveform (R-R interval) can be suitably used.

<Acquiring basic time-series data>

[0972] Exemplary acquisition of electrocardiogram will now be described as acquisition of heart rate data, which is
basic time-series date used in the method of evaluating the degree of aging.

[0973] As shown in Fig. 96, heart rate data of a subject D201 can be obtained as electrocardiographic data (also
referred to as electrocardiogram) indicating the electric activities of the heart D202 of the subject D201 with an electro-
cardiograph D211. The electrocardiograph D211 includes a difference amplifier D212 and a voltmeter D213. The differ-
ence amplifier is connected to the electrodes D214 and D215. The electrodes D214 and D215 are mounted on a right
shoulder D203 and a left leg D204, respectively, of the subject D201. A potential difference across the electrodes D214
and D215 is amplified with a difference amplifier D212 and the amplified potential is measured with a voltmeter D213
to obtain an electrocardiogram.

[0974] Fig. 97 illustrates a typical electrocardiogram.

[0975] As shown in Fig. 97, the electrocardiogram indicates a series of electric activities produced when a cardiac
muscle contracts. The waveforms "P", "Q", "R", "S", and "T" appear as electrocardiogram components. The heart rate
data may be peak-to-peak intervals of any waveform "P", "Q", "R", "S", or "T". The R waves, which are generated when
blood is pumped from the left chamber of a heart to the aortic, are preferably used for a high signal-to-noise ratio, which
depends on the height and sharpness of the peaks. The interval between an R wave and the next R wave, which is the
R-R interval, can be used as basic time-series data. Fig. 98 illustrates exemplary R-R intervals, where the number of
observed R-R intervals is on the horizontal axis and the lengths of R-R intervals corresponding to the measured data
are on the vertical axis.

[VII-1-2. Step and means for acquiring aging evaluation data]

[0976] The step or means for acquiring aging evaluation data extracts fluctuation information from the basic time-
series data acquired in the step or means for acquiring the basic time-series data with computer software to acquire
data for evaluating the degree of aging from data containing fluctuation information.

[0977] The data for evaluating the degree of aging is acquired through analysis, such as detrended fluctuation analysis
(DFA) or FFT analysis using the Fourier analysis. DFA is preferred since detailed fluctuation information can be obtained.
[0978] Fluctuation of a peak-to-peak interval of heart rate data obtained with DFA may be used as fluctuation infor-
mation.

[0979] DFA inclination information obtained with DFA may be used as data for evaluating the degree of aging.

<Acquisition of data for evaluating degree of aging>

[0980] The acquisition of DFA inclination information from the R-R intervals using DFA will now be described as
exemplary acquisition of data for evaluating the degree of aging used in the method of evaluating the degree of aging.
[0981] DFA is one of the analytical methods for a long-term correlation of time-series data. More specifically, time-
series data is divided by a certain time scale (window size); the amount of fluctuation is obtained by subtracting the
amount of trend in each window; and a log-log plotis created to indicate the correlation between the amount of fluctuation
and time scale. The method for obtaining fluctuation information in the R-R intervals by the DFA will now be described.
[0982] (1) Time-series data X (i), where i=1, 2, -=:N, consists of the total number (N) of R-R intervals and the lengths
of R-Rintervals. Fori=1, 2, --:N, the average X,,, is subtracted from the time-series data X (i), and the subtracted time-
series data X (i) is added together to create a new time-series data g(k), where k=2, 3, --‘N. The new time-series data
g(k) indicates the added value of cyclic time-series data having an average of zero. Formulas D1 and D2 show the time-
series data g(k) and the average X,,,, respectively.

[0983] [Formula 3]

i=1 Formula D1

[0984] [Formula 4]
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Formula D2

[0985] (2) The time-series data g(k) is divided into n regions on the axis (k), where the "n" is a scale (window size). In
other words, the time-series data g(k) is divided into n windows set on the axis indicating the number of R-R intervals,
window size n having a variable length.

[0986] (3) An m-dimensional polynomial, where m =0, 1, 2, -+, typically, m = 1, is applied to the time-series data g(k)
in each window through the least-squares approach to obtain a trend g, (k) for each window. The trend g,(k) according
to this embodiment represents a linear trend at a window size of "n" on the axis indicating the number of R-R intervals.
[0987] (4) A variation function S (n), which indicates the amount of fluctuation after subtracting the trend g, (k) from
the time-series data g(k), is obtained with Formula D3 shown below. The variation function S(n) indicates the amount
of fluctuation in a signal in a window, relating to the window size n corresponding to the length of an R-R interval. The
graphical representation of the variation function S(n) indicates a fluctuation pattern for the lengths of the R-R intervals.
Thus, (S(n)), which indicates the amount of fluctuation for the window size of n, can be extracted from the lengths of the
R-R intervals, which are basic time-series data, as fluctuation information in the lengths of the R-R intervals.

[0988] [Formula 5]

sln)= = 3 (), (6 .
- Formula D

[0989] (5) The amount of fluctuation S(n) is obtained while the window size n is varied. The logarithmic window size
n is plotted on the horizontal axis and the logarithmic amount of fluctuation S (n) is plotted on the vertical axis to indicate
the relationship between the log(n) and log4oS(n) (log-log plot). This plot is referred to as a DFA plot. If the DFA plot
can be approximated to a line, the inclination of the line (DFA inclination) is a fractal index of the original time-series
data x(i). Thus, data containing fluctuation information S(n) in the lengths of R-R intervals is used to obtain a DFA
inclination for each window size n. The DFA inclination for each window size n can be used as data for evaluating the
degree of aging.

[0990] Formulas D1 to D3 are exemplary ones. Alternatively, the range of the horizontal axis may be obtained through
mathematical operations, such as multiplication of a power or coefficient, if the inclination of the log4y(n) plot is within a
given range.

[0991] If a DFA plot is approximated to a straight line, the inclination of the line can be used as a two-dimensional
DFA inclination. In general, the DFA plot for R-R intervals does not produce an exact straight line. In order to obtain a
local DFA inclination, a derivative plot is prepared for a log-log plot of fluctuation component S(n) and the window size
n (DFA derivative plot). The DFA inclination for the certain window size n thus obtained is preferably used as data for
evaluating the degree of aging.

<DFA inclination and fractal nature of heart rate data>

[0992] The DFA inclination obtained from the DFA plot can be used to analyze the fractal nature of the heart rate data
to determine fluctuations in heart rate data.

[0993] Forexample, if the original heart rate data is constant, constantly increasing or decreasing, or cyclic time-series
data, the resulting DFA plot is a straight line with an inclination of 0.

[0994] If the heart rate data is a cyclic data, the resulting DFA derivative has a DFA inclination which decreases locally
to zero around the window size n that corresponds to one cycle.

[0995] If the original heart rate data consists of completely random numbers, the resulting DFA plot is a straight line
with a DFA inclination of 0.5, which state is referred to as white noise.

[0996] If the original heart rate data has a long-term correlation, the resulting DFA plot is a straight line with a DFA
inclination of 0.5 to 1.0. If the DFA inclination is greater than 0.5 for a certain window size n, the original heart rate data
has a fractal structure near the window size n.

[0997] Heartrate data exhibiting the frequency characteristics of the signal level inversely proportional to the frequency
indicates that the original heart rate data has a fractal structure and a DFA inclination of 1.0. This state is referred to as
1/f fluctuation or pink noise.

[0998] Heart rate data exhibiting the frequency characteristics of the signal level inversely proportional to the square
of the frequency indicates that a DFA line has a DFA inclination of 1.5. This state is also referred to as brown noise and
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indicates the original heart rate data has a fractal structure different from that when the pink noise is generated.
[0999] If a DFA inclination is 1, that is, the heart rate data has a fluctuation of 1/f, the heartbeat is stable. As the DFA
inclination decreases to approximately 0.5, the heart rate data becomes unstable. The DFA inclination of a person aged
60 or more tends to decrease from 1 to 0.5 with aging. If the heart rate data has abnormality due to arrhythmia or
diseases, the DFA inclination may decrease to 0.5 or less or increase to around 1.5.

[VII-1-3. Aging degree evaluating step and means]

[1000] The aging evaluating step or means compares the data for evaluating the degree of aging acquired in the aging
evaluation data acquiring step or means with the reference data for evaluating the degree of aging used as a reference
value for evaluating the degree of aging with computer software for evaluating the degree of aging to evaluate the degree
of aging.

[1001] More specifically, the aging evaluating step further includes a comparing step for comparing the data for eval-
uating the degree of aging obtained in the aging evaluation data acquiring step with the reference data for evaluating
the degree of aging; and an evaluating step for evaluating the degree of aging based on the results of the comparison
in the comparing step. The aging evaluating means further includes a comparing means for comparing the data for
evaluating the degree of aging obtained in the aging evaluation data acquiring means with the reference data for evaluating
the degree of aging used as a reference value for evaluating the degree of aging; and an evaluating means for evaluating
the degree of aging based on the results of the comparison in the comparing means.

<Comparing step and means>

[1002] The comparing step and means compares the data for evaluating the degree of aging obtained in the aging
evaluation data acquiring step or means with the reference data for evaluating the degree of aging used as a reference
value for evaluating the degree of aging.

[1003] The reference data for evaluating the degree of aging may be reference patterns for evaluating the degree of
aging which correspond to changes in the degree of self-reliance of a person. The reference patterns for evaluating the
degree of aging may be patterns of changes in the degree of self-reliance with aging that appear in the above aging
curves. That is to say, the aging curves can be used as the reference data for evaluating the degree of aging.

[1004] Alternatively, the reference data for evaluating the degree of aging may be data for a reference function to
evaluate the degree of aging. The data for the reference function can be obtained by collecting data for evaluating the
degree of aging from multiple persons.

[1005] The data for evaluating the degree of aging is compared with the reference data for evaluating the degree of
aging by plotting the data for evaluating the degree of aging against the reference data for evaluating the degree of
aging and comparing the relationship the reference data for evaluating the degree of aging with the data for evaluating
the degree of aging at the age of the subject.

<Evaluating step and means>

[1006] The evaluating step and means evaluate the degree of aging based on the results of the comparing step and
means.

[1007] If the patterns of changes in the degree of self-reliance with aging that appear in the above aging curves, are
used as the reference data for evaluating the degree of aging, which pattern, of all the patterns of changes in the degree
of self-reliance that appear in the above aging curves, is completely fit or is closest to the subject is determined to
evaluate the degree of aging.

<Aging curves>

[1008] In this embodiment, the data of patterns, A to E, of changes in the degree of self-reliance with aging, as shown
in Fig. 95, can be used as the reference patterns for evaluating the degree of aging. The patterns of changes in the
degree of self-reliance of persons with aging, as shown in Figs. 95(a) and 95(b), are referred to as "aging curves". The
degree of self-reliance indicates the ability of a person to support his/her life (self-reliance level).

[1009] The aging curves, as shown in Figs. 95(a) and 95(b), are the patterns of changes in the degree of self-reliance
of persons with aging. Fig. 95(a) illustrates the patterns of changes in the degree of self-reliance of men (three aging
curves). Fig. 95(b) illustrates the patterns of changes in the degree of self-reliance of women (two aging curves). The
horizontal axis of the graphs in Figs. 95(a) and 95(b) indicates ages from 63 to 89 in blocks of three years and the vertical
axis of the graphs indicates the degree of self-reliance. For the degree of self-reliance, point 3 indicates that one can
live in a self-reliant manner; point 2 indicates that instrumental activities of daily living requires assistance; and point 1
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indicates that both basic and instrumental activities of daily living require assistance. A lower point for the degree of self-
reliance indicates need of more assistance.

<Comparison and evaluation of DFA inclination and aging curves>

[1010] Comparison between the data for evaluating the degree of aging and the reference data for evaluating the
degree of aging and evaluation of the degree of aging will be now described where a DFA inclination for each window
size is used as the data for evaluating the degree of aging and aging curves are used as the reference data for evaluating
the degree of aging.

[1011] The data for evaluating the degree of aging is compared with the reference data for evaluating the degree of
aging by plotting a DFA inclination at subject’s age against an aging curve and comparing the DFA inclination with the
degree of self-reliance and each pattern of changes in the degree of self-reliance shown in the corresponding aging curve.
[1012] To plot a DFA inclination against an aging curve, as shown in Fig. 99, a DFA inclination is plotted at each
subject age, where the subject’s age is on the horizontal axis and the degree of self-reliance and a DFA inclination are
on the vertical axis. The subject’s age on the horizontal axis must be plotted in accordance with the ages of the aging
curves. With the DFA inclination on the vertical axis, the DFA inclination 1 corresponds to a degree of self-reliance of 3
in the aging curve, the DFA inclination 0.5 corresponds to a degree of 0, and the DFA inclination 0.75 corresponds to a
degree of 1.5. The plot of a DFA inclination corresponding to any aging curve allows the DFA inclination to be compared
with the degree of self-reliance of the aging curve and each pattern of changes in the degree of self-reliance to evaluate
the degree of aging.

[1013] The degree of aging is evaluated based on the comparison between the data for evaluating the degree of aging
and the reference data for evaluating the degree of aging. More specifically, which pattern, of all the patterns of changes
in the degree of self-reliance that appear in the aging curves, is completely fit or is closest to the subject is determined
based the relationship between subject’s age, the DFA inclination, and the aging curve to evaluate the degree of aging
from the progress of aging of the subject. Alternatively, the degree of aging may be evaluated in view of the relationship
between the DFA inclination and the degree of self-reliance corresponding thereto.

[1014] An exemplary evaluation of the degree of aging according to this embodiment will now be described. In the
exemplary evaluation, subjects are males and DFA inclinations are plotted against the three aging curves to evaluate
the degree of aging.

[1015] As shown in Fig. 99, a subject aged between 81 and 83 having a DFA inclination of approximately 1 can be
plotted at a position F and thus can be evaluated as corresponding to the aging curve A. This indicates a degree of self-
reliance of 3 and a pattern A of changes in the degree of self-reliance. Thus, the subject is likely to retain a high degree
of self-reliance. Therefore, the subject can be evaluated as not so progressing the aging as his real age and having a
low degree of aging. In this case, the subject can know that he retains health well in terms of the degree of aging and
his life style selection.

[1016] As shown in Fig. 99, a subject aged between 81 and 83 having a DFA inclination of about 0.75 is plotted at a
position G and thus can be evaluated as corresponding to the aging curve B. This indicates a degree of self-reliance of
1.5 and the pattern B of changes in the degree of self-reliance. Thus, the subject has a reduced degree of self-reliance
with aging and thus an increased need for assistance. Therefore, the subject can be evaluated as gradually progressing
the aging with age and having the degree of aging of "middle". In this case, the subject can know that he is as aged as
his real age in terms of the degree of aging and his life style selection.

[1017] As shown in Fig. 99, a subject aged between 81 and 83 having a DFA inclination of about 0.5 is plotted at a
position H and thus can be evaluated as corresponding to the aging curve C. This indicates a degree of self-reliance of
0 and the pattern C of changes in the degree of self-reliance. Thus, the subject requires much assistance. Therefore,
the subject can be evaluated as progressing the aging with age and having a high degree of aging. In this case, the
subject can know that he is very aged and requires assistance in terms of the degree of aging and his life style selection.
[1018] As shown in Fig. 99, a subject aged between 69 and 71 having a DFA inclination of about 0.75 is plotted at a
position | and thus can be evaluated as corresponding to the aging curve C. This indicates a degree of self-reliance of
1.5 and the pattern C of changes in the degree of self-reliance. Thus, the subject tends to require more assistance and
have a reduced degree of self-reliance with aging although he still retains the degree of self-reliance of 1.5. Therefore,
the subject can be evaluated as gradually progressing the aging than his real age and having a high degree of aging.
In this case, the subject can know that he is more aged than his real age and requires improvement of his life style in
terms of the degree of aging and his life style selection.

[1019] As described above, the degree of aging can be evaluated based on the relationship between subject’s age,
the DFA inclination, and an aging curve. The degree of aging can be evaluated based on a certain DFA inclination
corresponding to a certain window size as described above. Since the DFA inclination depends on the window size,
DFA inclinations at multiple points are preferably plotted for each window size to evaluate the degree of aging based
on the multiple DFA inclinations plotted. If DFA inclinations remain constant regardless of a window size, the subject
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can be evaluated to have a degree of aging indicated by the constant DFA inclination. Meanwhile, if the DFA inclination
varies in response to variation in the window size, the subject can be evaluated to have a degree of aging indicated by
the DFA inclination corresponding to the certain window size. Preferably, the degree of aging is comprehensively eval-
uated based on DFA inclinations at multiple points.

[1020] To evaluate the degree of aging based on the DFA inclinations at multiple points, appropriate multiple points
for DFA inclinations are selected for each window size, multiple DFA inclinations are averaged, and the averaged DFA
inclination is plotted against the reference data for evaluating the degree of aging to evaluate the degree of aging.
Alternatively, the average may be an arithmetic mean of multiple DFA inclinations or may be obtained by weighting each
DFA inclination and averaging the weighted DFA inclinations. Alternatively, appropriate multiple points for DFA inclina-
tions are selected for each window size, the median of the multiple DFA inclinations is plotted against the reference data
for evaluating the degree of aging to evaluate the degree of aging.

<Reference function to evaluate degree of aging>

[1021] Data for a reference function to evaluate the degree of aging is obtained by collecting data for evaluating the
degree of aging from multiple persons. The reference function data can be used to compare with the data for evaluating
the degree of aging and evaluate the degree of aging.

[1022] The reference function to evaluate the degree of aging defines a curve. The curve is obtained by measuring
the heart rate from multiple persons, obtaining DFA inclinations, performing statistical processing, and plotting ages and
the DFA inclinations. The reference function can be used as an index indicating the relationship between age and the
degree of aging.

[1023] For the reference function to evaluate the degree of aging, heart rate data is preferably determined from 50 or
more persons, more preferably from 100 or more persons. The reference function to evaluate the degree of aging can
be determined as follows: DFA inclination information is obtained from peak-to-peak intervals of the heart rate data of
each subject with DFA in accordance with the above-mentioned method for acquiring data for evaluating the degree of
aging, and a regression curve is drawn based on the DFA inclinations for each age.

[1024] The data for evaluating the degree of aging is plotted against the curve output from the reference function to
compare the relationship between ages and DFA inclinations from the reference function with the data for evaluating
the degree of aging. This allows comparison between the data for evaluating the degree of aging and the reference data
for evaluating the degree of aging, and evaluation of the degree of aging.

[VII-2. First embodiment]

[1025] Anembodiment of the aging evaluating device according to the present invention, programs run by a computer,
and a readable storage medium containing the programs will now be described.

[1026] A configuration of the embodiment of the aging evaluating device according to the presentinvention, a functional
configuration of the aging evaluating device, and an operation of the aging evaluating device will now be described.
Then, the programs executed by the computer and a readable storage medium containing the program will be described.

[VII-2-1. Exemplary configuration of aging evaluating device]

[1027] Fig. 100 is a schematic view of a hardware configuration of an aging evaluating device D1 according to this
embodiment. Fig. 101 is a schematic view of the functional blocks of the aging evaluating device D1 according to this
embodiment.

[1028] The aging evaluating device D1 includes, as shown in Fig. 100, an information processor D11, a sphygmo-
graph/electrocardiograph D21, an external memory D22, a keyboard D23, a printer D24, and a display D25. The infor-
mation processor D11 is a computer that includes an input interface D13, a bus D12, a central processing unit (CPU)
D14, a memory D15, and an output interface D16.

[1029] The sphygmograph/electrocardiograph D21 measures and obtains the heart rate data (pulse wave or electro-
cardiographic data) of a subjectand sends the heart rate data to the information processor D11 via the input interface D13.
[1030] The external memory D22 is connected with the input interface D13. This allows heart rate data or reference
data for evaluating the degree of aging to be read from the external memory D22 to the information processor D11, or
to be written from the information processor D11 to the external memory D22. The external memory D22 may contain
computer software for acquiring basic time-series data, computer software for acquiring the data for evaluating the
degree of aging, or computer software for evaluating the degree of aging. The computer software can be downloaded
from the external memory D22 onto the information processor D11, if necessary.

[1031] The keyboard D23 is an information input device connected with the input interface D21. An operator uses the
keyboard D23 to operate the information processor D11 and the aging evaluating device D1.
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[1032] The input interface D16 is a unit that exchanges external information with the information processor D11 and
is connected with the sphygmograph/electrocardiograph D21, the external memory D22, and keyboard D23. When the
inputinterface D16 receives information (a signal) from the sphygmograph/electrocardiograph D21, the external memory
D22, or the keyboard D23, the input interface D16 sends the signal to the CPU D14, the memory D15, or the output
interface D16 in the information processor D11 via the bus D12.

[1033] The CPU D14 is a controller that performs various controls and/or operations. The CPU D14 executes the
computer software for acquiring basic time-series data, the computer software for acquiring the data for evaluating the
degree of aging, or the computer software for evaluating the degree of aging stored in the memory D15 to achieve
various functions. During the execution of these computer programs in the CPU D14, a basic time-series data acquiring
means D31, an aging evaluation data acquiring means D32, and an aging evaluating means D33, described in Fig. 101
achieve their functions. The computer software for evaluating the degree of aging functions as a comparing means D34
and an evaluating means D35 in the aging evaluating means D33.

[1034] The programs that implement the functions of the basic time-series data acquiring means, the aging evaluation
data acquiring means, and the aging evaluating means (the computer software for acquiring basic time-series data, the
computer software for acquiring the data for evaluating the degree of aging, and the computer software for evaluating
the degree of aging) are provided in a computer-readable storage medium (for example, the external memory D22),
such as a flexible disk, a CD (CD-ROM, CD-R, or CD-RW), a DVD (DVD-ROM, DVD-RAM, DVD-R, DVD+R, DVD-RW,
DVD+RW, or HD DVD), a Blu-ray disc, a magnetic disk, an optical disk, and an optical magnetic disk. The information
processor D11 reads a program from its storage medium and stores it in an internal memory device (for example, the
memory D15) or transfers and stores it in an external memory device. Alternatively, such a program may be stored in
a memory device (storage medium) (not shown), such as a magnetic disk, an optical disk, and an optical magnetic disk
and transferred to the information processor D11 from the memory device via a communication network.

[1035] To implement the functions of the basic time-series data acquiring means, the aging evaluation data acquiring
means, or the aging evaluating means, the corresponding program stored in the internal memory device (the memory
D15 according to this embodiment) is executed by a microprocessor (the CPU D14 according to this embodiment) in
the information processor D11. Alternatively, the corresponding program stored in the external storage medium (for
example, the external memory D22) may be read and executed by the information processor D11.

[1036] The computer software for acquiring basic time-series data acquires heart rate data or electrocardiographic
data with the sphygmograph/electrocardiograph D21 and analyzes the data distributed over time having common char-
acteristics to obtain basic time-series data.

[1037] The computer software for acquiring the data for evaluating the degree of aging extracts fluctuation information
from the basic time-series data acquired in the basic time-series data acquiring means and acquires the data for evaluating
the degree of aging from the data containing the fluctuation information.

[1038] The computer software for evaluating the degree of aging compares the data for evaluating the degree of aging
acquired in the aging evaluation data acquiring means with the reference data for evaluating the degree of aging used
as a reference value for evaluating the degree of aging to evaluate the degree of aging.

[1039] The computer software for acquiring basic time-series data, the computer software for acquiring the data for
evaluating the degree of aging, and the computer software for evaluating the degree of aging are stored in various
computer-readable storage media.

[1040] The computer according to this embodiment is a concept that includes hardware and operating system, and
means hardware that operates under the operating system. If application programs can operate hardware without the
operating system, the hardware corresponds to a computer. The hardware at least includes a microprocessor, such as
a CPU, and a means for reading the computer programs stored in a storage medium.

[1041] The memory D15 is a memory unit containing data and programs. Examples of such a memory unit include a
volatile memory medium, such as random access memory (RAM), and a non-volatile memory medium, such as ROM
and flash memory. The memory D15 according to this embodiment contains the computer software, which is executed
by the CPU D14, for acquiring basic time-series data, for acquiring the data for evaluating the degree of aging, and for
evaluating the degree of aging, as well as the basic time-series data, the data for evaluating the degree of aging, and
the reference data for evaluating the degree of aging.

[1042] The output interface D16 controls the exchange of information between external devices and the information
processor D11 and is connected with the printer D24 and the display D25, which are external to the information processor
D11. Upon receipt of information from the internal interface D13, the CPU D14, or the memory D15 in the information
processor D1 via the bus D12, the output interface D16 sends a signal to the printer D24 or the display D25.

[1043] The printer D24 and the display D25 are connected with the output interface D16, and prints and displays the
information processed by the CPU D14 to an operator, respectively. The printer D24 and the display D25 also include
a driving circuit (driver) for print or display.
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[VII-2-2. Functional configuration of aging evaluating device]

[1044] Fig. 101 is a schematic view of the functional blocks of an exemplary aging evaluating device D1 according to
this embodiment.

[1045] The aging evaluating device D1, which has a functional configuration as shown in Fig. 101, includes the basic
time-series data acquiring means D31, the aging evaluation data acquiring means D32, and the aging evaluating means
D33. The aging evaluating means D33 includes the comparing means D34 and the evaluating means D35. When the
basic time-series data acquiring means D31, the aging evaluation data acquiring means D32, or the aging evaluating
means D33 execute the corresponding computer program (software), the executed software functions as the basic time-
series data acquiring means D31, the aging evaluation data acquiring means D32, or the aging evaluating means D33.
The software is stored in the memory D15 and read and executed by the CPU D14.

[1046] The basic time-series data acquiring means D31 uses the corresponding computer software for acquiring basic
time-series data to analyze subject’s heart rate data or electrocardiographic data acquired with the sphygmograph/elec-
trocardiograph D21 and acquire basic time-series data.

[1047] The aging evaluation data acquiring means D32 uses the corresponding computer software for acquiring the
data for evaluating the degree of aging to analyze the basic time-series data acquired in the basic time-series data
acquiring means D31, extract fluctuation information, and acquire the data for evaluating the degree of aging from the
data containing the fluctuation information.

[1048] The aging evaluating means D33 uses the corresponding computer software for evaluating the degree of aging
to analyze the data for evaluating the degree of aging acquired in the aging evaluation data acquiring means D32 and
the reference data for evaluating the degree of aging used as a reference value for evaluating the degree of aging. More
specifically, comparison and evaluation involved in such analysis are performed in the comparing means D34 and the
evaluating means D35, respectively.

[VII-2-3. Operation of aging evaluating device]

[1049] Fig. 102 is a flowchart that explains the operation of the exemplary aging evaluating device D1 according to
this embodiment. With reference to the flowchart in Fig. 102, an exemplary method of evaluating the degree of aging
according to this embodiment will now be described.

[1050] Heart rate data or electrocardiographic data is acquired through measurement of pulse waves or electrocardi-
ogram of a subject with the sphygmograph/electrocardiograph D21 (Step SD11).

[1051] Upon receipt of the heart rate data or electrocardiographic data, the basic time-series data acquiring means
D31 acquires basic time-series data and output the data to the aging evaluation data acquiring means D32 with the
computer software for acquiring basic time-series data (Step SD12).

[1052] Upon receipt of the basic time-series data, the aging evaluation data acquiring means D32 extracts fluctuation
information, acquires data for evaluating the degree of aging from the data containing the fluctuation information, and
then outputs the data for evaluating the degree of aging to the aging evaluating means D33 with the computer software
for acquiring the data for evaluating the degree of aging (Step SD13).

[1053] Upon receipt of the data for evaluating the degree of aging, the aging evaluating means D33 compares the
data for evaluating the degree of aging with the reference data for evaluating the degree of aging (Step SD14) and
evaluates the degree of aging based on the results of comparison in Step SD14 with the computer software for evaluating
the degree of aging (Step SD15).

[VII-2-4. Programs executed by computer and computer-readable storage medium containing programs]

[1054] Through the exemplary programs according to this embodiment of the present invention, the computer functions
as the basic time-series data acquiring means D31 for acquiring basic time-series data from heart rate data distributed
over time and having common characteristics; the aging evaluation data acquiring means D32 for extracting fluctuation
information from the basic time-series data acquired in the basic time-series data acquiring means and acquiring data
for evaluating the degree of aging from data containing the fluctuation information; and the evaluating means D33 for
comparing the data for evaluating the degree of aging acquired in the aging evaluation data acquiring means with
reference data for evaluating the degree of aging used as a reference value for evaluating the degree of aging to evaluate
the degree of aging.

[1055] The computer-readable storage medium containing the exemplary programs according to this embodiment of
the presentinvention contains the following programs that have the computer function: the basic time-series data acquiring
means D31 for acquiring basic time-series data from heart rate data distributed over time and having common charac-
teristics; the aging evaluation data acquiring means D32 for extracting fluctuation information from the basic time-series
data acquired in the basic time-series data acquiring means and acquiring data for evaluating the degree of aging from
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data containing the fluctuation information; and the evaluating means D33 for comparing the data for evaluating the
degree of aging acquired in the aging evaluation data acquiring means with reference data for evaluating the degree of
aging used as a reference value for evaluating the degree of aging to evaluate the degree of aging.

[1056] These programs are provided in the computer-readable storage medium (for example, the external memory
D22). The information processor D11 reads the programs from the storage medium, and then transfers them to an
internal memory device (for example, the memory D15) or an external memory device for storage.

[1057] These programs each function as the basic time-series data acquiring means D31, the aging evaluation data
acquiring means D32, or the aging evaluating means D33 when the CPU D14 reads the programs from the memory
D15 and executes them.

[VII-3. Advantageous effect]

[1058] The method of evaluating the degree of aging according to the present invention allows the degree of aging of
a subject to be evaluated from heart rate data.

[1059] In particular, the method of evaluating the degree of aging according to the present invention, which objectively
evaluates the degree of aging of a subject, allows the subject to accurately know his/her progress of aging with age in
the period from 60 years of age to mid-70s, which is called the fourth age (the age of 75 or over).

[1060] Such a method of evaluating the degree of aging allows a person to know his/her degree of aging and his/her
position in the super-aging society, thus facilitating the selection of his/her life style. For example, one can accept the
fact that he/she is as aged as his/her real age and should receive assistance, and can continue a positive daily life while
receiving the assistance.

[1061] In addition, the knowledge of his/her degree of aging allows him/her to maintain physical and mental functions
so that he/she can live longer in good health, keep it in mind to have a life style that helps delay aging, or receive a piece
of advice to improve living habits based on his/her degree of aging.

[VII-4. Additional features]
<Processing method>

[1062] Inthe above embodiments, the acquisition of the basic time-series data, the acquisition of the data for evaluating
the degree of aging, and the evaluation of the degree of aging are performed with desired computer software. Alternatively,
the evaluation may be performed manually, without a computer.

<Acquisition of basic time-series data>

[1063] In the above description, the heart rate data, which is the basic time-series data, is acquired with an electro-
cardiogram and the lengths of the R-R intervals are used as the basic time-series data. Alternatively, the pulsating
signals in a blood vessel or a respiration signal may be detected as basic time-series data with the subject information
detecting unit including a film member and the subject information processing device according to the first aspect of the
present invention, the finger-mounted subject information detecting unit according to the second aspect of the present
invention, the hand-grippable subject information detecting unit according to the third aspect of the present invention,
the subject information detecting unit mountable on an external ear and the subject information processing device
according to the fourth aspect of the present invention, the subject information processing device performing subtraction
according to the fifth aspect of the present invention, or the subject information processing device extracting a respiration
signal according to the sixth aspect of the present invention. The lengths of the peak-to-peak intervals in the pulsating
signal or respiration signal waveform, for example, may be used as basic time-series data. Alternatively, detected
pulsating signals may be used as basic time-series data. Alternatively, any one signal among the pulsatile volume, speed
and acceleration signals acquired through signal processing on detected pulsating signal output may be used as basic
time-series data.

Examples

[1064] Examples according to the sixth aspect of the present invention will now be described. The present invention
should not be limited to these examples, and various modifications may be made without departing from the scope of
the invention.

[1065] One example according to the present invention will now be described with reference to the flowchart in Fig. 103.
[1066] The degree of aging according to this example is evaluated as follows: Pulse waves are measured with a pulse
wave meter or electrocardiogram is measured with an electrocardiograph (Step SD21). The lengths of the peak-to-peak
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intervals in the pulse waves or the electrocardiogram are acquired based on the pulse waves or electrocardiogram
measured (Step SD22). A DFA inclination is acquired from the lengths of the peak-to-peak intervals in the pulse waves
or the electrocardiogram (Step SD23). A position on an aging curve is determined from the age and the DFA inclination
(Step SD24). The degree of aging is evaluated through comparison with the aging curves (Step SD25).

[1067] Each step will now be described in detail.

(Acquisition of heart rate data)

[1068] Pulse waves were measured from a male subject aged 62 with a sphygmograph as heart rate data. Electro-
cardiogram was measured from male subjects aged 66 and 89 with an electrocardiograph as heart rate data.

[1069] Figs. 104(a) to 104(c) show the results of measurement of the heart rate data, where time is on the horizontal
axis and signal strength on the vertical axis. Fig. 104(a) illustrates the pulse waveform of the male subject aged 62. Fig.
104(b) illustrates the electrocardiogram waveform (ECG) of the male subject aged 66. Fig. 104(c) illustrates the elec-
trocardiogram waveform of the male subject aged 89.

(Acquisition of basic time-series data)

[1070] The lengths of the peak-to-peak intervals in the pulse waveform, which are served as basic time-series data,
were acquired from the pulse waveform shown in Fig. 104(a) (hereinafter simply referred to as the lengths of the peak-
to-peak intervals). The lengths of the R-R intervals, which are the lengths of the peak-to-peak intervals in the electro-
cardiogram waveform and served as basic time-series data, were acquired from the electrocardiogram waveform shown
in Figs. 104(b) and 104(c) (hereinafter simply referred to as the lengths of the R-R intervals).

[1071] Figs. 105(a), 105(b), and 105(c) illustrate the relationship between the length of an peak-to-peak interval ob-
served and the number of the peak-to-peak intervals, and the relationship between the length of an R-R interval observed
and the number of the R-R intervals, where the number of the peak-to-peak intervals or the number of the R-R intervals
is on the horizontal axis, and the length of an peak-to-peak interval or the length of an R-R interval is on the vertical axis.
Fig. 105(a) illustrates the relationship between the number of the peak-to-peak intervals and the length of a peak-to-
peak interval of the male subject aged 62. Fig. 105(b) illustrates the relationship between the number of the R-R intervals
and the length of an R-R interval of the male subject aged 66. Fig. 105(c) illustrates the relationship between the number
of the R-R intervals and the length of an R-R interval of the male subject aged 89.

(Acquisition of data for evaluating the degree of aging)

[1072] DFA analysis was performed on the lengths of the peak-to-peak intervals and the lengths of the R-R intervals
to obtain a DFA inclination, which is the data for evaluating the degree of aging.

[1073] The number of the peak-to-peak intervals or the number of the R-R intervals was divided into a certain number
(window size) of elements to extract the amount of fluctuation S(n) in the lengths of the peak-to-peak intervals or the
lengths of the R-R intervals for the window size "n" as fluctuation information. The amount of fluctuation S(n) was also
acquired when the window size n was varied. The relationship between logg(n) and log,S(n) was plotted on a graph
to obtain a DFA plot. A derivative plot (DFA derivative plot) was prepared from the DFA plot to acquire a DFA plot
inclination for each window size "n" as data for evaluating the degree of aging.

[1074] The data for evaluating the degree of aging, which was acquired from the pulse waves of the male subject
aged 62, was taken from the measurement periods of 300 seconds to 600 seconds, 600 seconds to 900 seconds, and
900 seconds to 1200 seconds after the start of measurement of the pulse waves.

[1075] The data for evaluating the degree of aging, which was acquired from the electrocardiogram of the male subject
aged 66, was taken from the measurement periods of 275 seconds to 550 seconds, 550 seconds to 825 seconds, and
825 seconds to 1100 seconds after the start of measurement of the electrocardiogram.

[1076] The data for evaluating the degree of aging, which was acquired from the electrocardiogram of the male subject
aged 89, was taken from the measurement periods of 0 minute to 5 minutes and 5 minutes to 10 minutes after the start
of measurement of the electrocardiogram.

[1077] Figs. 106(a), 106(b), and 106(c) illustrates the DFA derivative plots showing the relationship between the
window size n and the DFA inclination, where the logarithm of the window size "n" is on the horizontal axis and the DFA
differential value (DFA inclination) is on the vertical axis. Fig. 106(a) illustrates the relationship between the window size
n and the DFA inclination in each measurement interval of the male subject aged 62. Fig. 106(b) illustrates the relationship
between the window size n and the DFA inclination in each measurement interval of the male subject aged 66. Fig.
106(c) illustrates the relationship between the window size n and the DFA inclination in each measurement interval of
the male subject aged 89.

[1078] AsshowninFig. 106(a), the following tendency was observed in every measurement period: The DFA inclination
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ranges from 1 to 1.2, regardless of the variations in the window size and the heart rate data exhibits 1/f fluctuation, which
indicates stable heartbeat.

[1079] AsshowninFig. 106(b), the following tendency was observed in every measurement period: The DFA inclination
is approximately 1 with a larger window size and the heart rate data exhibits 1/f fluctuation, which indicates stable
heartbeat. The DFA inclination is approximately 0.5 with a smaller window size and the heart rate data exhibits white
noise, which indicates unstable heartbeat.

[1080] AsshowninFig. 106(c), the following tendency was observed in every measurement period: The DFA inclination
is approximately 0.5, regardless of variations in the window size, and the heart rate data exhibits white noise, which
indicates unstable heartbeat.

(Comparison between data for evaluating degree of aging and reference data for evaluating degree of aging)

[1081] The data for evaluating the degree of aging was compared with the reference data for evaluating the degree
of aging by plotting the DFA inclinations at subject’s ages against the aging curves from the DFA derivative plots in Figs.
106(a) to 106(c). The relationship between the DFA inclinations and the aging curves is as shown in Fig. 107. In Fig.
107, age is on the horizontal axis and the degree of self-reliance and DFA inclination are on the vertical axis. Fig. 107
shows the DFAinclination=1.11 (plotted position J) of the male subject aged 62, the DFA inclination=0.87 (plotted position
K) of the male subject aged 66, and the DFA inclination=0.58 (plotted position L) of the male subject aged 89 together
with the aging curves. Since the subjects are male, the DFA inclinations are plotted against the three aging curves. Figs.
106(a) to 106(c) illustrate DFA derivative plots of each subject. For Figs. 106(a) and 106(c), the DFA inclinations at log
(n) =1.2 for every measurement period were averaged and the averaged DFA inclination was plotted against on the
aging curves. For Fig. 106(b), the DFA inclinations at log (n) =1.5 for every measurement period were averaged and
the averaged DFA inclination was plotted against on the aging curves.

(Evaluation of degree of aging)

[1082] The degree of aging was evaluated based on the comparison between the plotted DFA inclinations at subject’s
ages and the aging curves, as shown in Fig. 107.

[1083] The plotted position J of the DFA inclination of the male subject aged 62 suggests that the subject has the
degree of self-reliance 3 or higher in the aging curve and a pattern of changes in the degree of self-reliance similar to
the pattern A or B. The subject tends to maintain self-reliance and is evaluated to have a low degree of aging.

[1084] The plotted position K of the DFA inclination of the male subject aged 66 suggests that the subject has the
degree of self-reliance 2.2 in the aging curve and a pattern of changes in the degree of self-reliance similar to the pattern
C. The subject will get aged with aging and have a lower degree of self-reliance. He is evaluated to have a slightly higher
degree of aging for his real age.

[1085] The plotted position L for the DFA inclination of the male subject aged 89 suggests that the subject has the
degree of self-reliance 0.5 in the aging curve and a pattern of changes in the degree of self-reliance similar to the pattern
B or C. The subject has got aged with aging and is evaluated to have a high degree of aging, but his degree of aging is
appropriate for his age of 89.

REFERENCE SIGNS LIST

[1086]

1, 14 subject information detecting unit
13,15 subject information processing device
111 film member

121 sensor mount

122 opening

123 cavity

131 sensor

F1, F2, F3, F4, F5, F6 and F7 subject information detecting unit
F11, F31, F41, F51, F61, F71 and F81 body

F12 opening

F13 cavity

F21 first sensor

G1, G8, G5, G6, G7, G8, G9, G81 and G82
G11, G21, G31 and G41

subject information detecting unit
chassis
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H21
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H41
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H61

H90

H91

H92

H94

H96

C1

C11

C21

Cc22

C23

C31

C61

C71

D1, D41, and D61
D11

D31

D32, D42
D33, D43
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first sensor

subject information detecting device
subject information processing device
chassis

first sensor

subject information processing device
subject information detecting device
chassis

internal sensor

external sensor

leakage corrector

subtractor

waveform equalizer

frequency corrector

extractor

subject

ear canal

external opening

external ear

cavity

subject information processing device
pulsating signal detecting unit

sensor mount

opening

cavity

sensor

frequency demodulator

subject

aging evaluating device

information processor

basic time-series data acquiring means
aging evaluation data acquiring means
aging evaluating means

1. A subject information detecting unit comprising:

a sensor mount having an opening in a portion to be in contact with a subject and an internal cavity communicated
with the opening, the cavity defining a closed spatial structure in a state where the subject information detecting

unit is mounted on the subject such that the opening faces the subject;

a sensor disposed on the sensor mount and receiving pressure information deriving from pulsating signals in
a blood vessel in the subject, the sensor detecting the pulsating signals in the blood vessel in the subject; and
a film member separating the opening of the sensor mount from the sensor and blocking the permeation of

moisture,

wherein the sensor detects the pressure information deriving from the pulsating signals in the blood vessel in
the subject and propagating through the opening, the cavity, and the film member.

2. The subject information detecting unit according to Claim 1, wherein

the sensor includes a pressure-sensitive element detecting the pressure information deriving from the pulsating
signals in the blood vessel in the subject, a housing holding the pressure-sensitive element inside thereof, an air
chamber being an internal space of the housing, and a pressure information passage being disposed in the housing
and inputting therethrough the pressure information from the exterior into the air chamber,

the cavity of the sensor mount communicates the pressure information passage of the sensor with the opening, the
sensor mount forms a closed spatial structure consisting of the cavity and the air chamber in the sensor in a state

where the sensor mount is mounted such that the opening faces the subject,

the film member separates the opening of the sensor mount from the pressure-sensitive element in the sensor in
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the space consisting of the cavity and the air chamber and blocks the permeation of moisture, and
the sensor detects the pressure information deriving from the pulsating signals in the blood vessel in the subject
propagating through the opening, the cavity, the flm member, and the air chamber.

The subject information detecting unit according to Claims 1 or 2, wherein the film member is disposed at a position
that separates the cavity into an opening-adjacent space and a space communicating with the sensor.

The subject information detecting unit according to one of Claims 1 to 3, wherein the film member is a synthetic
resin film.

The subject information detecting unit according to one of Claims 1 to 4, wherein the sensor is a condenser micro-
phone including a diaphragm that vibrates in response to sound pressure information deriving from pulsating signals
in an artery in the subject and a back plate disposed to face the diaphragm, and the condenser microphone detecting
the sound pressure information deriving from the pulsating signals in the artery in the subject.

The subject information detecting unit according to one of Claims 1 to 5, wherein the opening has a diameter ranging
from 3 mm to 10 mm.

A subject information processing device comprising:

the subject information detecting unit according to one of Claims 1 to 6; and

a frequency corrector that performs frequency correction on pulsating signals output from the sensor of the
subject information detecting unit to retrieve at least one signal among pulsatile volume, pulsatile speed, and
pulsatile acceleration signals.

A subject information detecting unit, comprising:

a body mountable on a finger of a subject, the body having a cavity that has an opening at a contact portion
with the skin of the finger when the subject information detecting unit is mounted on the finger, the cavity having
a closed spatial structure in a state where the subject information detecting unit is mounted on the finger such
that the opening is in contact with the skin of the finger; and

a first sensor, being disposed in the body, the first sensor being configured to detect pulsating signals in a blood
vessel in the finger, the pulsating signals entering through the opening of the body, the pulsating signals being
detected in the form of pressure information deriving from the pulsating signals and propagating through the
cavity.

The subject information detecting unit according to Claim 8, wherein the body comprises:

a finger mount to be mounted on the finger; and

afirst sensor mount provided at a position facing the skin of the finger on the body, the first sensor being attached
to the first sensor mount so as to exist inside the cavity,

wherein the finger mount is connected with the first sensor mount.

The subject information detecting unit according to Claim 9, wherein

the first sensor mount includes a ring member defining the cavity inside when one opening of the ring member is in
contact with the skin of the finger, and a cap member capable of blocking the other opening of the ring member
such that the first sensor can be disposed in the cavity, and

the first sensor is disposed on the ring member or the cap member.

The subject information detecting unit according to Claim 9 wherein

the first sensor mount is a recess member having an opening and a concave, the opening is in contact with the skin
of the finger when the subject information detecting unit is mounted on the finger, an inside of the concave being a
cavity communicated with the opening, and

the first sensor is disposed in the recess member.

The subject information detecting unit according to one of Claims 8 to 12, wherein the body includes:

polarity detecting means to detect the polarity of an output from the first sensor, and
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displaying means to indicate polarity inversion when the polarity inversion is detected in the polarity detecting
means.

The subject information detecting unit according to one of Claims 8 to 12, further comprising:

a radio transmitter that sends an output from the first sensor in the form of radio signals,
wherein the radio transmitter is disposed on an external surface portion opposite to the contact portion on the
body.

The subject information detecting unit according to one of Claims 8 to 13, wherein the opening has a diameter
ranging from 3 mm to 10 mm.

A subject information detecting unit comprising:

a body mountable on a finger of a subject, the body having a cavity that has an opening at a contact portion
with the skin of the finger when the subject information detecting unit is mounted on the finger, the cavity having
a closed spatial structure in a state where the subject information detecting unit is mounted on the finger such
that the opening is in contact with the skin of the finger;

a first sensor being disposed in the body, the first sensor being configured to detect pulsating signals in a blood
vessel in the finger, the pulsating signals entering through the opening of the body, the pulsating signals being
detected in the form of pressure information deriving from the pulsating signals and propagating through the
cavity;

a light source disposed on the body and emitting optical signals capable of passing through the finger; and
asecond sensor disposed on the body, the second sensor being configured to receive the optical signals emitted
from the light source and passing through the finger and to detect information on oxygen saturation in the blood
vessel.

The subject information detecting unit according to Claim 15, wherein the body includes:

a finger mount to be mounted on the finger;

afirst sensor mount provided at a position facing the skin of the finger on the body, the first sensor being attached
to the first sensor mount so as to exist inside the cavity;

a light source mount that mounts thereon the light source on a portion facing one of the ball and back of the
finger on the body; and

a second sensor mount that mounts thereon the second sensor on a portion facing the other of the ball and
back of the finger on the body;

wherein the finger mount, the first sensor mount, the light source mount, and the second sensor mount are
connected with each other.

The subject information detecting unit according to Claim 16, wherein

the first sensor mount includes a ring member defining the cavity inside when one opening of the ring member is in
contact with the skin of the finger, and a cap member capable of blocking the other opening of the ring member
such that the first sensor can be disposed in the cavity, and

the first sensor is disposed on the ring member or the cap member.

The subject information detecting unit according to Claim 16, wherein

the first sensor mount is a recess member having an opening and a concave, the opening being in contact with the
skin of the finger when the subject information detecting unit is mounted on the finger, and an inside of the concave
being a cavity communicated with the opening, and

the first sensor is disposed in the recess member.

The subject information detecting unit according to one of Claims 15 to 18, wherein

the first sensor detects the pulsating signals in a blood vessel in the finger, the pulsating signals being acquired
through the skin at a position corresponding to the first joint of the finger, the pulsating signals being detected in the
form of pressure information deriving from the pulsating signals and propagating through the cavity,

the light source emits optical signals capable of passing through a fingertip of the finger, and

the second sensor detects information on oxygen saturation in a blood vessel from the optical signals passing
through the fingertip of the finger.
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The subject information detecting unit according to one of Claims 15 to 19, wherein the body includes:

polarity detecting means to detect the polarity of an output from the first sensor, and
displaying means to indicate polarity inversion when the polarity inversion is detected in the polarity detecting
means.

The subject information detecting unit according to one of Claims 15 to 20, further comprising:

a radio transmitter that sends an outputs from the first sensor and the second sensor in the form of radio signals,
wherein the radio transmitter is disposed on an external surface portion opposite to the contact portion on the
body.

The subject information detecting unit according to one of Claims 15 to 21, wherein the opening has a diameter
ranging from 3 mm to 10 mm.

A subject information detecting unit comprising a chassis having an outer shape grippable with a hand of a subject,
wherein the chassis is a cylindrical or oval member and is provided with a first sensor that detect pulsating signals
in blood vessels in the fingers of the hand gripping the chassis.

The subject information detecting unit according to Claim 23, further comprising:

afirst opening is disposed at a portion of the chassis, the portion facing a finger of the hand gripping the chassis;
and

a first cavity communicated with the first opening is disposed on the chassis, the first cavity defining a closed
spatial structure when the chassis is gripped with the hand such that the first opening faces the finger,
wherein the first sensor detects the pulsating signals in a blood vessel in the finger, the pulsating signals entering
through the first opening, the pulsating signals being detected in the form of pressure information deriving from
the pulsating signals and propagating through the first cavity.

The subject information detecting unit according to Claim 23, further comprising:

afirst light source, disposed in the chassis that emits optical signals to a finger of the hand gripping the chassis;
and

an optical transmitter disposed in a portion of the chassis, the portion facing the finger of the hand gripping the
chassis, and composed of a transparent material capable of passing through the optical signals from the first
light source,

wherein the finger of the hand gripping the chassis faces the optical transmitter provided in the chassis, the
optical signals from the first light source pass through the optical transmitter to the finger and reflect on the
finger, and the reflected optical signals pass through the optical transmitter and are detected at the first sensor;
and

the first sensor detects the pulsating signals in a blood vessel in the finger by receiving the optical signals emitted
from the first light source and reflected on the finger, and deriving from the pulsating signals.

The subject information detecting unit according to one of Claims 23 to 25, wherein the opening has a diameter
ranging from 3 mm to 10 mm.

The subject information detecting unit according to one of Claims 23 to 26, further comprising:
polarity detecting means to detect the polarity of the waveform of a pulsating signal detected at the first sensor;
and
polarity notifier to indicate polarity change in response to output from the polarity detecting means.

The subject information detecting unit according to one of Claims 23 to 27, wherein the chassis further comprises:

a grip strength sensor that detects hand grip strength; and
a grip strength notifier that reports the hand grip strength in response to an output from the grip strength sensor.

The subject information detecting unit according to one of Claims 23 to 28, wherein the chassis further comprises:
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a second light source that emits optical signals capable of passing through the finger; and
a second sensor that receives optical signals emitted from the light source and passing through the finger to
detect information on oxygen saturation in a blood vessel.

The subject information detecting unit according to one of Claims 23 to 29, further comprising:

a second opening, disposed at a portion of the chassis, the portion facing the subject;

a second cavity, formed in the chassis, the second cavity communicated with the opening and defining a closed
spatial structure in a state where the chassis is mounted on the subject such that the second opening faces the
subject;

an optical combining system, disposed in the chassis, the optical combining system comprising a plurality of
light sources that emit optical signals to a blood vessel of the subject through the second cavity in the chassis
and the second opening of the chassis; and

a third sensor that receives signals from the blood vessel in the subject, the signals being affected by the optical
signals and being in the form of pressure information propagating through the second cavity, and that detects
information on a blood-sugar level in the blood vessel.

An electric toothbrush device having a grip being the chassis of the subject information detecting unit according to
one of Claims 23 to 30.

An electric shaving device having a grip being the chassis of the subject information detecting unit according to one
of Claims 23 to 30.

A subject information detecting device comprising:

a chassis mountable on an external ear of a subject so as to block the external opening of the ear canal of the
subject to form the ear canal into a cavity having a closed or substantially closed spatial structure; and

a first sensor, being disposed in the chassis, that detects pulsating signals in a blood vessel in the ear canal,
the pulsating signal being detected in the form of pressure information deriving from the pulsating signals and
propagating through the cavity.

A subject information processing device comprising:

the subject information detecting device according to claim 33;

a waveform equalizer performing waveform equalization on signals from the first sensor; and

a first signal processor processing the signals from the waveform equalizer to extract pulse wave information
or respiration information from the signals from the waveform equalizer.

A subject information processing device comprising:
a subject information detecting device including:

a chassis mountable on an external ear of a subject so as to block the external opening of the ear canal of
the subject to form the ear canal into a cavity having a closed or substantially closed spatial structure;

an internal sensor, being disposed in the chassis, that detects pulsating signals based on pulse wave
information in a blood vessel in the ear canal, the pulsating signals detected being in the form of pressure
information propagating through the cavity and deriving from the pulsating signals, the pulsating signals
having frequency characteristics of reduced gain in a lower frequency region, and the internal sensor further
detecting external signals based on sounds from outside the ear canal, the external signals having frequency
characteristics of increased gain in a lower frequency region; and

an external sensor that collects external sounds outside the ear canal,

a leakage corrector that performs leakage correction by increasing gain in the lower frequency region of the
signal from the external sensor so as to have frequency characteristics equivalent to frequency characteristics
of an external signal detected at the internal sensor;

a subtractor that subtracts the signal processed by the leakage corrector from the signal from the internal sensor;
and

a waveform equalizer that performs waveform equalization by increasing gain in the low frequency region of
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the signal processed by the subtractor so as to compensate for the reduced gain of the signal detected at the
internal sensor in the low frequency region.

The subject information processing device according to Claim 35 wherein

the lower frequency region with the reduced gain contains a pulse wave information detecting bandwidth, the pulse
wave information in the blood vessel being detected in the pulse wave information detecting bandwidth,

the leakage correction performed by the leakage corrector involves passing a frequency component higher than the
pulse wave information detecting bandwidth without an increase in gain, and a gradually increasing the gain of a
frequency component at the pulse wave information detecting bandwidth as the frequency decreases, the frequency
components belonging to the signal from the external sensor;

the waveform equalization performed by the waveform equalizer involves passing a frequency component higher
than the pulse wave information detecting bandwidth without an increase in gain, and a gradually increasing the
gain of a frequency components around the pulse wave information detecting bandwidth as the frequency decreases,
the frequency components belonging to the signal processed by the subtractor; and

the amount of the gradually increased gain in the leakage correction equals the gradually increased gain in the
waveform equalization.

The subject information processing device according to Claim 36 wherein

the leakage correction in the leakage corrector increases the gain of frequency components lower than the pulse
wave information detecting bandwidth, the frequency component belonging to the signal from the external sensor;
the waveform equalization in the waveform equalizer increases the gain of frequency components lower than the
pulse wave information detecting bandwidth, the frequency component belonging to the signal processed by the
subtractor; and

the amount of the increased gain in the leakage correction equals the increased gain in the waveform equalization.

The subject information processing device according to one of Claims 35 to 37 further comprising:

a frequency corrector that performs frequency correction involving at least one operation among amplification,
integral, and differential operations on the signal processed by the waveform equalizer in the frequency range
of the pulse wave information to retrieve at least one signal among pulsatile volume, pulsatile speed, and
pulsatile acceleration signals.

The subject information detecting device according to one of Claims 35 to 38, wherein the internal sensor functions
as a speaker that generates air vibration in the form of pressure information propagating through the cavity in
response to a received electric signal.

A subject information processing device comprising:

a pulsating signal detecting unit including

a sensor that receives pressure information deriving from pulsating signals in a blood vessel in the subject and
detects the pulsating signals in the blood vessel in the subject and

a sensor mount having a cavity communicated with a pressure information passage of the sensor, an opening
in a portion facing the subject, the cavity having a closed spatial structure in a state where the pulsating signal
detecting unit is mounted such that the opening faces the subject; and

a frequency demodulator performs frequency demodulation on pulsating signal output from the sensor in the
pulsating signal detecting unit to extract a respiration signal contained in the pulsating signal output.

The subject information processing device according to Claim 40, further comprising:
a signal corrector that performs frequency correction on pulsating signal output from the sensor of the subject
information processing device to retrieve at least one signal among pulsatile volume, pulsatile speed, and
pulsatile acceleration signals.

The subject information processing device according to Claim 41, wherein the signal corrector performs at least

one operation among amplification, integral, and differential operations with the frequency of the pulsating signal to

retrieve at least one signal among the pulsatile volume, pulsatile speed, and pulsatile acceleration signals.

The subject information processing device according to one of Claims 40 to 42, wherein the sensor is a condenser
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microphone that detects sound pressure information deriving from pulsating signals in an artery in the subject.

The subject information processing device according to one of Claims 40 to 43, wherein the diameter of the opening
is not more than five times the diameter of an artery.

The subject information processing device according to one of Claims 40 to 44, wherein the opening has a diameter
ranging from 3 mm to 10 mm.

A method of evaluating the degree of aging comprising:

a basic time-series data acquiring step for acquiring basic time-series data from data having common charac-
teristics distributed over time in heart rate data;

an aging degree evaluation data acquiring step for extracting fluctuation information from the basic time-series
data acquired by the basic time-series data acquiring step to acquire data for evaluating the degree of aging
from data containing the fluctuation information; and

an aging degree evaluating step for comparing the data for evaluating the degree of aging acquired by the aging
degree evaluation data acquiring step with reference data for evaluating the degree of aging used as a reference
value to evaluate the degree of aging.

The method of evaluating the degree of aging according to Claim 46, wherein the basic time-series data acquiring
step acquires the lengths of the peak-to-peak intervals in heart rate data as basic time-series data.

The method of evaluating the degree of aging according to Claim 46, wherein the basic time-series data acquiring
step acquires the lengths of the peak-to-peak intervals of R components in electrocardiogram data being the heart
rate data, as the basic time-series data.

The method of evaluating the degree of aging according to Claim 46, wherein the aging degree evaluation data
acquiring step extracts the fluctuation information from the basic time-series data by detrended fluctuation analysis
(DFA) and acquires data for evaluating the degree of aging from data from data containing the fluctuation information.

The method of evaluating the degree of aging according to Claim 49, wherein the data for evaluating the degree of
aging is DFA inclination information acquired by the DFA.

The method of evaluating the degree of aging according to one of Claims 46 to 50, wherein the reference data for
evaluating the degree of aging is a plurality of reference patterns for evaluating the degree of aging, the reference
patterns indicating changes in the degree of human self-reliance.

An aging degree evaluating device comprising:

basic time-series data acquiring means for acquiring basic time-series data from data having common charac-
teristics distributed over time in heart rate data;

aging degree evaluation data acquiring means for extracting fluctuation information from the basic time-series
data acquired by the basic time-series data acquiring means to acquire data for evaluating the degree of aging
from data containing the fluctuation information; and

aging degree evaluating means for comparing the data for evaluating the degree of aging acquired by the aging
evaluation data acquiring means with reference data for evaluating the degree of aging to evaluate the degree
of aging.
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(c22) A6A SAMPLING RESULT OF SIGNAL DERIVING FROM OPTICAL SIGNAL 16
(@23)  A7A SAMPLING RESULT OF SIGNAL DERIVING FROM OPTICAL SIGNAL A7

(c24) AsA SAMPLING RESULT OF SIGNAL DERIVING FROM OPTICAL SIGNAL 18
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FIG 56(3) Gain
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FIG. 57 (b)
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BANDWIDTH
0.1 Hz - 10 Hz
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FIG. 74(3) Gain (dB)
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0
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FIG. 77
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FIG. 102
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FIG. 103
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FIG. 105(a)
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Continuation of Box No.III of continuation of first sheet(2)

Supplementation of Box III:

(Invention 1) the inventions of claims 1-7

An invention characterized by including a film-like member for
separating an opening of a sensor mount and the sensor as well as for
preventing the permeation of moisture.

(Invention 2) the inventions of claims 8-22

An invention characterized by amain body part capable of being mounted
on a finger of a specimen, the main body part having a space structure
including a cavity, the cavity having an opening in contact with the
skin of the finger while the main body part is mounted on the finger,
the cavity being closed while the opening is in contact with the skin
of the finger with the main body part mounted on the finger.

(Invention 3) the inventions of claims 23-32

An invention characterized by including: a housing having an outer
shape that can be gripped by a hand of a specimen, the housing being
formed as a cylindrical member or an oval member; and a sensor provided
in the housing to detect a pulsing signal of a blood vessel of a finger
of the hand gripping the housing.

(Invention 4) the inventions of claims 33-39

An invention characterized by including: a housing which can be worn
on an external ear of a specimen so as to be formable as a cavity having
a space structure with the external auditory meatus closed or generally
closed by blocking the external opening of the external auditory meatus
of the specimen; and a sensor provided in the housing so as to detect
a pulsing signal of a blood vessel on the external auditory meatus as
pressure information caused by the pulsing signal to propagate through
the cavity.

(Invention 5) the inventions of claims 40-45

An invention characterized by including a frequency demodulator for
frequency demodulating a pulsing signal output from a sensor of a pulsing
signal detection unit to thereby extract a respiratory signal included
in the pulsing signal output.

(Invention 6) the inventions of claims 46-52

An invention characterized by including: an aging level evaluating
data acquisition means for extracting variation information from basic
time-series data obtained by a basic time-series data acquisition means
so as toacquire aging level evaluating data fromdata having the variation
information; and an aging level evaluating means for evaluating an aging
level by comparing the aging level evaluating data obtained by the aging
level evaluating data acquisition means with aging level evaluating
reference data to be used as a reference value for evaluating an aging
level.

Meanwhile, there is no other reason for that it can be considered
that it is efficient to carry out a search on the above-said respective
invention groups together with one another.
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