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Description

[0001] The present invention relates to an ear type apparatus for measuring a bio signal and a measuring method
therefor. More particularly, the present invention relates to an ear type apparatus for measuring a bio signal, such as
temperature, respiration, pulse, and oxygen saturation, which can minimize a motion artifact caused by a subject’s
motion, and a measuring method therefor.
[0002] When a human body is in an abnormal state, various changes may occur such as an increase in blood pressure,
an increase in pulse rate, an increase in body temperature, or a change in an electric potential occurring during a
heartbeat, which may be measured by an electrocardiogram. Among these changes, the increase in body temperature
is the most representative sign of an abnormal state of a human body and is thus generally measured during a patient
diagnosis in hospitals or general medical institutions. Conventionally, body temperature is measured using a mercury
thermometer. Recently, various ear type thermometers for measuring a body temperature, i.e., inner body temperature
without influence from external temperature, have been developed. In operation, such an ear type thermometer detects
an amount of infrared rays emitted from an eardrum at an internal body temperature and converts the detected amount
of infrared rays into a temperature value. The ear type thermometer is advantageous in that a measurement time is
short and the body temperature can be conveniently measured by inserting the ear type thermometer into an ear.
[0003] A pulse indicates a dynamic extension of an artery that can be felt by a finger. Since the dynamic extension of
an artery is due to a contraction of the heart, a heart rate, i.e., a heart’s contraction rate, can be inferred from a pulse
rate When a human body is infected by a disease, the pulse rate, rhythm, or strength changes even when the human
body is in a stable status. Accordingly, a person’s state of health can be checked by measuring the pulse rate, rhythm,
or strength.
[0004] Further, oxygen saturation indicates an amount of arterial blood (SpO2) in which oxygen is saturated. Oxygen
saturation is measured to test a pulmonary function, estimate a concentration of oxygen in blood during oxygen therapy
at home, or diagnose asthma and pulmonary emphysema. Human respiration is a process of discharging waste gas,
i.e., carbonic acid gas, from a human body and providing oxygen to the human body. A human lung accommodates air
coming from outside, emits carbonic acid gas, and absorbs oxygen. A pulmonary artery discharges carbonic acid gas
collected throughout the human body through pulmonary alveoli using a difference in air pressure during exhalation.
Conversely, blood in a pulmonary vein absorbs oxygen from inhaled air and then circulates to the heart. When respiration
is unstable, a supply of oxygen is interrupted, which deteriorates the functions of a body’s organs. In particular, oxygen
saturation directly relates to an amount of oxygen supplied to the organs and thus provides very useful information
regarding metabolism.
[0005] FIG. 1 shows an example of a conventional ear type thermometer for measuring body temperature. The ear
type thermometer shown in FIG. 1 includes a housing 150 having a probe 110 through which infrared rays pass, a light
receiver 120 that receives infrared rays emitted from at least one area from among a human eardrum and peripheral
areas of the eardrum through the probe 110, a signal processor 130 that calculates a temperature from an output of the
light receiver 120, and a display/sound unit 140 that displays the temperature.
[0006] The light receiver 120 includes a condenser device, which condenses infrared rays passing through the probe
110, and an infrared receiver device, which is disposed to receive the infrared rays condensed by the condenser device
to receive infrared rays emitted from at least one area from among the eardrum and the peripheral areas of the eardrum.
[0007] Disadvantageously, the conventional ear type thermometer shown in FIG. 1 is a separate device that has to
be additionally carried by a user. Moreover, a tip of the probe 110 of the thermometer needs to be in close contact with
an internal surface of a subject’s ear in order to accurately measure the subject’s body temperature. However, when
another person measures a subject’s body temperature, the contact between the thermometer and the internal surface
of the ear cannot be adjusted effectively. Although the subject can directly adjust the contact when measuring his own
body temperature, the subject must remove the thermometer from the ear to view the display unit to check a measured
value and verify whether the measurement has been accurately performed. Accordingly, this thermometer is not appro-
priate for self-diagnosis and is thus usually used when another person measures a subject’s body temperature.
[0008] In order to apply such a conventional ear type thermometer to a remote medical treatment, since a measured
value needs to be transmitted via a separate transmission apparatus, an interface is required. Accordingly, it is difficult
to monitor results of the measurement frequently or for an extended period of time.
[0009] FIG. 2 shows an example of a conventional mobile apparatus that is capable of measuring a bio signal. The
exemplary mobile apparatus shown in FIG. 2 is a portable communication terminal, which allows a function of a heart
to be diagnosed or obesity to be tested based on a heart rate and a body fat rate, which are detected from a user’s body.
This apparatus eliminates an inconvenience of carrying a separate apparatus solely for measuring bio information.
Electrodes 2a, 2b, 2c, and 2d are attached to an outer surface of a mobile communication terminal in order to measure
a user’s bio information.
[0010] FIG. 3 is a block diagram of the conventional mobile apparatus shown in FIG. 2. A portable communication
terminal 300 includes a communication terminal module 320 and a bio-information measurement module 310 to provide
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dual functionality of voice communication and bio information measurement. The communication terminal module 320
includes a transceiver 326 as a user interface unit, a display unit 321, such as a liquid crystal display (LCD), allowing
communication of character information, and an input unit 322 such as a keypad. The input unit 322 is used by a user
to operate or control the portable communication terminal 300. Communication of information can be implemented by
wireless transmission and reception of data via a wireless communication unit 323. A memory unit 324 stores information
regarding the user of the portable communication terminal 300 and data necessary for the operation of the central
controller 325.
[0011] The bio-information measurement module 310 includes a body fat measurer 311 and a heart rate measurer
312. An interface unit 313 performs data interface between the portable communication terminal 300 and an external
electronic apparatus, for example, a removable bio-information measurement module.
[0012] FIG. 4 is a detailed block diagram of the heart rate measurer 312. The heart rate measurer 312 includes a
voltage generator 401, electrodes 402, an amplifier 403, a pulse shaper 404, a pulse counter 405, and an interface unit
406. When the electrodes 402 of the voltage generator 401, which are attached to a main body of the portable commu-
nication terminal 300, are in close contact with a part of a subject’s body, for example, right and left hands, a voltage
change signal due to the heart’s beat is detected. The voltage change signal is amplified by the amplifier 403, for example,
a differential amplifier. The amplified voltage change signal is converted to a pulse signal by the pulse shaper 404. The
pulse signal is counted by the pulse counter 405 to obtain a heart rate. An output signal of the pulse counter 405 is a
digital signal and is input to the interface unit 406. The central controller (325 of FIG. 3) displays the heart rate on the
display unit 321 and transmits it through the wireless communication unit 323. Voltage measurement electrodes used
to measure body fat in the body fat measurer 311 are also used as the electrodes 402.
[0013] Disadvantageously, such a conventional portable communication terminal for measuring bio information using
electrodes is influenced by a motion artifact caused by a force pressing the electrodes and is sensitive to contamination
of the electrodes or the skin since the electrodes directly contact the skin. When the electrodes are exposed outside the
communication terminal, they are easily damaged or contaminated.
[0014] To obtain bio information, such as oxygen saturation, a component in blood needs to be detected. Accordingly,
a method of applying signals showing different characteristics according to concentrations of oxidized hemoglobin and
reduced hemoglobin and obtaining the bio information using a difference between the signals is usually used. In con-
ventional methods, however, since one electrode cannot apply different types of signals, bio information beyond a pulse
rate cannot be appropriately measured.
[0015] US 5,673,692 describes an apparatus which may be inserted into the ear of a patient. The apparatus includes
an infrared temperature sensor and a pulse oximeter sensor.
[0016] US 6,080,110 describes a headset with a pulse rate detector on one earpiece and a speaker on the other
earpiece.
[0017] According to an aspect of the present invention, there is provided an apparatus for measuring a bio signal
according to claim 1.
[0018] According to an aspect this aspect there is provided an apparatus for measuring a bio signal including a bio
signal measurement unit, which is insertable into an ear to be in close contact with an internal surface of the ear, the
bio signal measurement unit having a photo plethysmography (PPG) measurement module for radiating light of different
wavelengths onto the internal surface of the ear, detecting light transmitted through the ear, and outputting a PPG signal
including bio information, and further having a plurality of electrodes for outputting the PPG signal, an earphone having
a speaker for outputting sound and a plurality of electrodes on an outer surface to be connected to the plurality of
electrodes of the bio signal measurement unit to receive the PPG signal output from the bio signal measurement unit,
a control unit having a PPG signal processor for receiving the PPG signal through the electrodes of the earphone and
generating bio information using the PPG signal and a sound processor for outputting a sound signal to the earphone,
and an output unit for displaying the bio information generated from the control unit, the output unit being a liquid crystal
display apparatus of a mobile communication terminal.
[0019] Preferably, the PPG measurement module includes a light source unit for radiating light onto the internal surface
of the ear and a photodetector for detecting light radiated onto the internal surface of the ear and then transmitted through
the ear. The light source unit may include a first light source for radiating light of a first wavelength onto the internal
surface of the ear, and a second light source for radiating light of a second wavelength onto the internal surface of the
ear, wherein the first and second wavelengths are different.
[0020] Preferably, the PPG signal processor includes a peak detector for detecting peaks of the PPG signal and a
signal processor for generating the bio information using values of the peaks. The signal processor may include a pulse
detector for calculating a time interval between the peaks to measure a pulse rate. The signal processor may include a
respiration detector for band-pass filtering the PPG signal to measure a respiration frequency. The signal processor
may include a reflection coefficient detector for detecting an AC component and a DC component from each of PPG
signals detected at different wavelengths and measuring reflection coefficients and an oxygen saturation detector for
detecting oxygen saturation in blood using a ratio between the reflection coefficients of the different wavelengths.
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[0021] The PPG signal processor may further include an amplifier for amplifying the PPG signal and a filter for removing
noise components from the PPG signal amplified by the amplifier and then outputting the PPG signal to the peak detector.
[0022] Preferably, the bio signal measurement unit further includes a temperature measurement module for sensing
infrared rays radiated from a body and outputting an electrical signal corresponding to the sensed infrared rays, and
wherein the control unit further includes a temperature processor for calculating a body temperature using the electrical
signal output from the temperature measurement module. The temperature measurement module may include a
waveguide installed near an eardrum for guiding infrared rays radiated from the eardrum and a light receiver sensing
the infrared rays guided by the waveguide and converting the infrared rays to the electrical signal. The waveguide may
be made of a material that can reflect infrared rays. The temperature processor may include an amplifier for amplifying
the electrical signal received from the temperature measurement module, a filter for removing noise from the amplified
electrical signal, and an analog-to-digital converter for converting the electrical signal to a digital signal.
[0023] The output unit is a liquid crystal display apparatus of a mobile communication terminal or a compact disc
player. Preferably, the bio information generated from the control unit is wirelessly transmitted to a predetermined medical
institution through the mobile communication terminal.
[0024] According to still another aspect of the present invention, there is provided a method of measuring a bio signal
according to claim 16.
[0025] Preferably, (b) includes (b1) radiating the light having the different wavelengths onto the internal surface of the
ear, receiving the light transmitted through the ear, and outputting the PPG signal, using a PPG measurement module
included in the bio signal measurement unit having a side thereof in close contact with the internal surface of the ear;
(b2) detecting peaks of the PPG signal; and (b3) generating bio information using the detected peaks.
[0026] Preferably, (b3) includes detecting an AC component and a DC component from each of PPG signals detected
at the different wavelengths and measuring reflection coefficients of the different wavelengths, and calculating oxygen
saturation in blood using a ratio between the reflection coefficients of the different wavelengths. Preferably, (b3) includes
band-pass filtering the PPG signal to detect a respiration frequency. In addition, (b2) may include band-pass filtering
the PPG signal collected for a predetermined period of time, detecting an inflection point by differentiating the filtered
PPG signal, and storing the inflection point as a peak when the inflection point has a value exceeding a predetermined
threshold value.
[0027] Preferably, (b3) may include measuring a pulse rate using a time interval between peaks of the PPG signal.
The output unit is a liquid crystal display apparatus of a mobile communication terminal, and (c) may further include
wirelessly transmitting the bio signals measured in (a) and (b) to a predetermined medical institution through the mobile
communication terminal.
[0028] According to yet another feature of an embodiment of the present invention, there is provided a recording
medium having recorded therein a program for executing the above-described method in a computer.
[0029] The present invention provides an apparatus for measuring a bio signal, which is convenient to carry, can be
adjusted to be correctly positioned at a body part to be measured by a subject himself, and can transmit measured bio
information without requiring a separate transmitter, thereby facilitating long-term monitoring. In addition, the apparatus
can obtain pulse and respiration information and simultaneously measure oxygen saturation using changes in ab-
sorptance of light having at least two different wavelengths. The present invention further provides a method for measuring
a bio signal.
[0030] The above and other features and advantages of the present invention will become more apparent to those of
ordinary skill in the art by describing in detail preferred embodiments thereof with reference to the attached drawings in
which:

FIG. 1 shows an example of a conventional ear type thermometer for measuring body temperature;
FIG. 2 shows an example of a conventional mobile apparatus that is capable of measuring a bio signal;
FIG. 3 is a block diagram of a conventional mobile apparatus as shown in FIG. 2;
FIG. 4 is a detailed block diagram of a conventional heart rate measurer as shown in FIG. 3;
FIG. 5A is block diagram of an apparatus for measuring a bio signal according to a comparative example;
FIG. 5B shows an example in which an apparatus for measuring a bio signal is applied to a mobile apparatus;
FIG. 6 is a block diagram showing a control unit as shown in FIG. 5A;
FIG. 7 is a detailed block diagram showing a temperature processor as shown in FIG. 6;
FIG. 8 is a detailed block diagram showing a photo plethysmography (PPG) measurement module and a PPG signal
processor as shown in FIG. 6;
FIG. 9 is a detailed block diagram showing a signal processor as shown in . FIG. 8;
FIG. 10 is a graph of intensity of radiant energy of a black body versus wavelength;
FIG. 11 is a graph showing a transmission characteristic of a sensor filter;
FIG. 12 is a graph showing a temperature characteristic of a sensor;
FIG. 13 is a conceptual diagram of a measured PPG waveform;



EP 1 475 035 B1

5

5

10

15

20

25

30

35

40

45

50

55

FIG. 14 is a flowchart of a method of measuring a pulse rate according to an embodiment of the present invention;
FIG. 15A is a diagram showing a detected pulse signal;
FIG. 15B illustrates a method of detecting respiration according to an embodiment of the present invention;
FIGS. 16A and 16B show a PPG signal and a respiration signal, respectively, which are simultaneously measured;
FIGS. 17A and 17B, respectively, show a respiration signal detected using a PPG signal and a respiration signal
obtained by high-pass filtering the respiration signal shown in FIG. 16B; and
FIG. 18 illustrates a schematic diagram of an apparatus for measuring a bio signal according to an embodiment of
the present invention.

[0031] The present invention will now be described more fully hereinafter with reference to the accompanying drawings,
in which preferred embodiments of the invention are shown. The invention may, however, be embodied in different forms
and should not be construed as limited to the embodiments set forth herein. Rather, these embodiments are provided
so that this disclosure will be thorough and complete, and will fully convey the scope of the invention to those skilled in
the art. Like reference numerals refer to like elements throughout.
[0032] FIG. 5A is block diagram of an apparatus for measuring a bio signal according to a comparative example. FIG.
5B shows an example in which the apparatus for measuring a bio signal is applied to a mobile apparatus.
[0033] Referring to FIG. 5A, the apparatus includes a bio signal measurement unit 500, which is insertable into an
ear to measure a bio signal; a control unit 550, which calculates bio information using the bio signal measured by the
bio signal measurement unit 500; and a display unit 590, which displays the bio information on a screen for a user. The
bio signal measurement unit 500 includes a temperature measurement module 510, which measures body temperature
using infrared rays radiated from an internal surface of an ear, and a photo plethysmography (PPG) measurement
module 520, which is installed on an outer surface of the bio signal measurement unit 500 to closely contact the internal
surface of the ear and measure a PPG signal.
[0034] Referring to FIGS. 5A and 5B, the bio signal measurement unit 500 can be easily inserted into the ear due to
its shape. The PPG measurement module 520 is installed at the outer surface of the bio signal measurement unit 500
to closely contact the ear surface. The temperature measurement module 510 is installed in the bio signal measurement
unit 500 at a position that will be in relatively close proximity to an eardrum. The bio signal measurement unit 500 may
have a same shape as an earphone 530, as shown in FIG. 5B. However, since it is preferable that the temperature
measurement module 510 is positioned near the eardrum so that it can effectively sense infrared rays radiated from the
eardrum, it is preferable to shape the bio signal measurement unit 500 as a conical frustum and to dispose the temperature
measurement module 510 at a top of the conical frustum-shaped bio signal measurement unit 500. The temperature
measurement module 510 includes a waveguide 511 guiding infrared rays near the eardrum to the bio signal measurement
unit 500 and a light receiver 513 implemented by an infrared sensor to sense the infrared rays input through the waveguide
511.
[0035] For the display unit 590, a separate display apparatus or a display apparatus included in an existing apparatus
can be used. In the example shown in FIG. 5B, a mobile apparatus is used as the display unit 590. The display unit 590
may be implemented by a liquid crystal display (LCD) of a mobile communication terminal (as shown in FIG. 5B), a
personal digital assistant (PDA), a compact disc player, or the like. When a mobile communication terminal is used, bio
information can be transmitted to a predetermined medical institution, so that remote examination can be performed.
Hereinafter, it is assumed that a mobile apparatus is used for the display unit 590.
[0036] In FIG. 5B, the control unit 550 is shown separate from the bio signal measurement unit 500. The control unit
550 calculates bio information using a signal received from the bio signal measurement unit 500 and outputs the bio
information to the display unit 590. When a mobile apparatus is used for the display unit 590, the control unit 550 can
be installed within the mobile apparatus. When the control unit 550 is separately installed outside the mobile apparatus,
it can be provided with a jack, which can be connected to the earphone 530, as shown in FIG. 5B, so that the control
unit 550 controls a sound signal output from the mobile apparatus and outputs the sound signal to the earphone 530.
[0037] FIG. 6 is a block diagram showing the control unit 550 shown in FIG. 5A. The control unit 550 includes a
temperature processor 570, which converts a signal detected by the infrared sensor of the temperature measurement
module 510 to a temperature value; a PPG signal processor 580, which generates measurement values of a pulse rate,
a respiration frequency, and oxygen saturation using the PPG signal measured by the PPG measurement module 520;
and a transmitter 565, which selectively transmits an output signal from the temperature processor 570 and an output
signal from the PPG signal processor 580 to the mobile apparatus according to a selection signal of the mobile apparatus
used for the display unit 590. When the earphone 530, which can output a sound signal from the mobile apparatus, is
connected to the control unit 550, the control unit 550 further includes a sound processor 560, which receives a voice
signal through a microphone 535, outputs a voice signal from the mobile apparatus through a speaker 537, and adjusts
the volume of the output voice signal. Meanwhile, it will be apparent that the signals of the sound processor 560, the
temperature processor 570, and the PPG signal processor may be directly input to the mobile apparatus, and a control
unit (not shown) included in the mobile apparatus including the display unit 590 may selectively output the signals.
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[0038] FIG. 7 is a detailed block diagram showing the temperature processor 570 shown in FIG. 6. The temperature
processor 570 includes an amplifier 571, which amplifiers a signal output from the temperature measurement module
510; a filter 572, which removes noise components from the amplified signal; and an analog-to-digital (A/D) converter
573, which converts the filtered signal to a digital signal and transmits the digital signal to the transmitter 565.
[0039] FIG. 8 is a detailed block diagram showing the PPG measurement module 520 and the PPG signal processor
580 shown in FIG. 6. The PPG measurement module 520 includes a first light source, which radiates light onto a body
part, i.e., an internal surface of an ear closely contacting the bio signal measurement unit 500, at which a bio signal is
to be measured; a second light source, which radiates light having a different wavelength than the light of the first light
source onto the body part; and a photodetector, which detects light that has been radiated from the first and second
light sources and then transmitted through and reflected from the body part with bio information. The PPG signal processor
580 includes an amplifier 581, which amplifies a signal output from the photodetector; a filter 583, which removes noise
components from an output signal of the amplifier 581; a peak detector 585, which detects a peak from an output signal
from the filter 583; and a signal processor 587, which calculates bio information using a peak value of a signal detected
from the light from the first light source and a peak value of a signal detected from the light from the second light source
and outputs the bio information to the display unit 590.
[0040] FIG. 9 is a detailed block diagram showing the signal processor 587 shown in FIG. 8. In order to measure a
subject’s pulse, the signal processor 587 includes a pulse detector 910, which calculates a time interval between peaks
detected by the peak detector 585 and measures a pulse based on the time interval.
[0041] In order to measure a subject’s oxygen saturation, the signal processor 587 includes an alternating current
(AC) detector 920, which detects changes between maximum values and minimum values of a waveform output from
the peak detector 585 to detect a light intensity variation due to pulsatile components of an artery; a direct current (DC)
detector 922, which detects the minimum values of the waveform output from the peak detector 585 to detect a light
intensity due to non-pulsatile components; a reflection coefficient detector 924, which calculates a reflection coefficient
using a DC component and an AC component of a pulse wave; and a oxygen saturation detector 926, which calculates
oxygen saturation using the reflection coefficient.
[0042] In order to detect a subject’s respiration frequency (rate), the signal processor 587 includes a band pass filter
(BPF) 930, which band pass filters a pulse signal received from the peak detector 585, and a respiration detector 935,
which detects a respiration frequency using the band pass filtered pulse signal.
[0043] Hereinafter, a method of measuring a bio signal according to an embodiment of the present invention will be
described with reference to FIGS. 10 through 15B.
[0044] Initially, a method of measuring temperature using the bio signal measurement unit 500 will be described. Since
a temperature of human skin tissue varies at different body parts and rapidly changes depending on external temperature,
it is important to select an appropriate body part for temperature measurement. Generally, a contact type thermometer
is used at an armpit or the rectum, and a non-contact type thermometer is used in an ear canal near an eardrum. The
temperature of the eardrum is medically known as being very close to internal body temperature and barely influenced
by external temperature. The internal body temperature and radiant electromagnetic energy or infrared energy are related
as follows.
[0045] A total amount of electromagnetic energy radiated from a black body is proportional to the fourth power of the
temperature of the black body according to Stefan-Boltzmann’s Law, as shown in Formula (1). 

[0046] Here, Q represents a total amount of electromagnetic energy radiated from the black body, T denotes the
temperature of the black body, and σ denotes a constant called the Stefan-Boltzmann constant. An amount of electro-
magnetic energy radiated from a body, such as a human body, that is not completely black is influenced by radiant
components of the body. Such a body is referred to as a gray body. When the emissivity of the gray body is ω, Formula
(1) is modified into Formula (2). 

[0047] Here, the emissivity ω has a value between zero (0) and one (1). The emissivity ω of a human body in a far
infrared band is almost one (1), exhibiting characteristics near to those of a black body. Accordingly, an absolute internal
body temperature can be calculated using the total amount of infrared energy radiated from the internal body. In addition,
a change in the infrared energy is proportional to the fourth power of a change in the internal body temperature.
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[0048] FIG. 10 is a graph of an intensity of radiant energy versus wavelength at different temperatures of a black body.
Energy radiated from the black body at a constant temperature gradually increases as the wavelength increases and
reaches a peak. Thereafter, when the wavelength further increases, the radiant energy decreases. A peak of such a
characteristic curve changes as temperature changes, and a wavelength at which the peak occurs also varies with the
temperature. As shown in FIG. 10, when the temperature is 1100 K, a peak occurs at a wavelength of about 2.5 Pm.
When the temperature decreases to 800 K, a peak occurs at a wavelength of about 3.8 Pm and the intensity of radiant
energy decreases. A wavelength λ giving maximum radiant energy at a particular temperature T is defined by Formula (3). 

[0049] Since targets of a non-contact type infrared thermometer generally have a temperature of about 30-40 °C, the
targets radiate far infrared rays in which a wavelength of about 8-12 Pm provides maximum radiant energy. Accordingly,
a photodetector for detecting the far infrared rays is required to have a satisfactory response characteristic in a band of
about 8-12 Pm.
[0050] A filter of a general sensor used in infrared thermometers needs to have a frequency response characteristic
as shown in FIG. 11. More specifically, it is preferable that a response is great at a wavelength of about 6-16 Pm, but
almost constant transmission appears at the band of about 8-12 Pm. Though a total amount of electromagnetic energy
radiated from the black body is proportional to the fourth power of the temperature of the black body, when a measurement
range is very narrow, for example, 30-40 °C, as in a thermometer, the total amount of electromagnetic energy can be
considered as being linear within the range of 30-40 °C. FIG. 12 is a graph of output voltage of the sensor used in FIG.
11 versus temperature. As described above, a linear characteristic appears in a temperature range of 30-40 °C.
[0051] Based on the above-described response of an infrared sensor, the operating principle of the temperature
measurement module 510 will be described with reference to FIGS. 5B and 7. As described above, the temperature
measurement module 510 includes the waveguide 511 for collecting light and the light receiver 513 implemented by an
infrared sensor. The waveguide 511 is disposed near an eardrum to collect radiant infrared rays. The waveguide 511
includes a material reflecting infrared rays therewithin to guide the collected infrared rays to the light receiver 513. Then,
the light receiver 513 installed within the bio signal measurement unit 500 detects the infrared rays and generates an
electrical detection signal according to an amount of the infrared rays.
[0052] Since the electrical detection signal is too weak to be transmitted or digitized, the signal is amplified by the
amplifier 571. The amplified detection signal includes a plurality of noise components, but a signal component required
for measurement of body temperature is a DC component appearing in a peak wavelength rather than an AC component
changing over time. Accordingly, the amplified detection signal is filtered by the filter 572 to remove the noise and AC
components. The filtered detection signal is converted to a digital value by the A/D converter 573. The A/D converter
573 also converts the digital value to a temperature value to be displayed to a user.
[0053] However, when the display unit 590 is implemented by an LCD included in a mobile apparatus, such as a
mobile communication terminal as shown in FIG. 5B, the A/D converter 573 simply converts an analog signal to a digital
signal. The digital signal can be converted to a temperature value by an operation unit included in the mobile apparatus
and then output to the user through the display unit 590. In addition, it Is obvious to those skilled in the art that the control
unit 550 including the temperature processor 570 can be installed within the mobile apparatus including the display unit
590 so that the temperature measurement module 510 may be directly connected to the mobile apparatus.
[0054] When a user measures his own body temperature using a thermometer provided in the ear type bio signal
measurement unit 500, the user inserts the bio signal measurement unit 500 into his ear and monitors the display unit
590. Thus, the user himself can take a measurement and check the results of the measurement. In addition, when re-
measurement is required since the bio signal measurement unit 500 is not appropriately inserted into the ear, the user
himself can adjust the insertion of the bio signal measurement unit 500.
[0055] A method of measuring oxygen saturation will now be described with reference to FIGS. 8, 9 and 13. Oxygen
saturation is a percentage of a concentration of oxidized hemoglobin in a concentration of the total hemoglobin, i.e., a
quantification of an amount of oxygen with which blood is saturated in order to maintain the normal functions of human
cells. Many methods of detecting oxygen saturation using light having at least two different wavelengths have been
researched and developed. In a representative method of measuring oxygen saturation among them, red light and
infrared light are radiated onto vital tissue, absorbance of pulsatile components in the arterial blood is obtained at each
wavelength, and oxygen saturation is calculated using a ratio between absorbances at different wavelengths. Most light
radiated onto a human body is absorbed by non-pulsatile components such as bones and tissue having a constant
transmission path, and about 1-2 % of the light is absorbed by the pulsatile components in the arterial blood. The amount
of light absorbed by the pulsatile components and the amount of light absorbed by the non-pulsatile components can
be obtained at each wavelength using the intensities of the light transmitted through the human body. A ratio between
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an amount of light absorbed by the non-pulsatile components and an amount of light absorbed by the pulsatile components
at each of the two different wavelengths of the red light and the infrared light, respectively, indicates a light absorptance
of hemoglobin in the arterial blood. The oxygen saturation is calculated from a ratio between the amounts of light absorbed
by hemoglobin at the two different wavelengths. In FIG. 13, "Ip" denotes a maximum point of a pulsatile component
(AC), "Iv" denotes a minimum point of the pulsatile component (AC).
[0056] Referring to FIG. 8, which shows the PPG measurement module 520 and the PPG signal processor 580,
incident light from the first light source is transmitted through the body part. When the incident light passes through a
path "a", it encounters a blood vessel, in this case, an artery, and is modulated by pulsation. When the incident light
passes through a path "b", it is not influenced by pulsation. When a radius of the artery is "ra" and a radius of the body
part is "rb", the entire time-invariant component DC of light detected by the photodetector is composed of a time-invariant
component DCa of the light passing through the path "a" and a time-invariant component DCb of the light passing through
the path "b", as shown in FIG. 13, and is expressed by Formula (4). 

[0057] DCa can be expressed by Formula (5). 

[0058] Here, f(ra,rb,λ) is a constant denoting a factor changing according to the structure of the body part including
an artery, and λ denotes a wavelength of the incident light. An intensity of light transmitted through the body part is
modulated by as much as a variation ∆ODtot of light attenuation ODtot by a change in an amount of blood due to pulsation
of the artery. Here, the variation ∆ODtot is for the light passing through the path "a" and can be expressed by Formula (6). 

[0059] Since it is very difficult to accurately measure f(ra,rb,λ), reflection coefficients R1 and R2 for two wavelengths
λ1 and λ2 are measured, and then a ratio R12= R1/R2 is obtained, as shown in Formula (7), in order to calculate oxygen
saturation without having to accurately measure f(ra,rb,λ). 

[0060] Here, ACλ1 and ACλ2 denote time-variant components with respect to the first and second wavelengths X1
and X2, and DCλ1 and DCλ2 denote time-invariant components with respect to the first and second wavelengths λ1 and
λ2. For example, Formula (7) can be obtained using a pulse oximeter.
[0061] Consequently, as shown in Formula (7), the reflection coefficient detector (924 of FIG. 9) divides the time-
variant component ACλ1 or ACλ2, which has been input from the photodetector through the peak detector 585 and
detected by the AC detector 920, by the time-invariant component DCλ1 or DCλ2 detected by the DC detector 922 to
obtain a variation ∆ODtot,λ1 or ∆ODtot,λ2 of light attenuation at each wavelength, and divides the variation ∆ODtot,λ1 of
attenuation of light from the first light source by the variation ∆ODtot,λ2 of attenuation of light from the second light source
to obtain a ratio of the reflection coefficient of the first light source to the reflection coefficient of the second light source.
[0062] The oxygen saturation detector 926 calculates a concentration CHb of hemoglobin in blood using at least one
ratio R12 received from the reflection coefficient detector 924. According to an embodiment of the present invention,
when the first and second wavelengths λ1 and λ2 are selected, the hemoglobin concentration CHb is calculated using
the ratio R12, as shown in Formula (8).
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[0063] Here, ε1 denotes an absorption coefficient with respect to the first wavelength λ1; ε2 denotes an absorption
coefficient with respect to the second wavelength λ2; k1 and k2 denote constants determined by the first and second
wavelengths λ1 and λ2 and characteristics of scattering and absorbing incident light at a predetermined body part; and
a1 and a2 denote constants determined by a size of a scattered particle, a refractive index of hemoglobin, a refractive
index of serum, and the first and second wavelengths λ1 and λ2.
[0064] The oxygen saturation detector 926 calculates oxygen saturation S using the measured hemoglobin concen-
tration CHb, as shown in Formula (9), and outputs the oxygen saturation S to the display unit 590.
[0065] Hereinafter, a procedure in which the oxygen saturation detector 926 detects oxygen saturation will be described.
One wavelength λx is selected from among at least two wavelengths, and another wavelength λo having a maximum
difference in an absorption coefficient according to a type of hemoglobin is selected.
[0066] The wavelengths λx and λo are derived based on bio spectroscopy. While some wavelengths can or cannot
be well absorbed according to an amount of hemoglobin (Hb) and oxy-hemoglobin (HbO2) in blood, other wavelengths
are well absorbed regardless of the amount of Hb and HbO2. In the present invention, the reference wavelength λx is
barely influenced by the amount of Hb and HbO2, and the wavelength λo readily changes according to the amount of
Hb and HbO2. For example, the wavelength λo may be a wavelength of 660 nm giving a maximum difference between
an absorption coefficient for Hb and an absorption coefficient for HbO2; and the wavelength λx may be a wavelength of
805 nm selected from a near infrared band of 800 through 950 nm. A discussion of these characteristics of wavelengths
may be found in a book by J.G. Webster entitled "Design of Pulse Oximeters," at pages 40-55, published in 1997.
[0067] The oxygen saturation detector 926 obtains a variation ∆ODtot,λo of light attenuation at the selected wavelength
λo and a variation ∆ODtot,λx of light attenuation at the selected wavelength λx and obtains a ratio Rox of the variation
∆ODtot,λo to the variation ∆ODtot,λx.
[0068] Thereafter, the oxygen saturation detector 926 calculates oxygen saturation S in blood using the ratio Rox and
the hemoglobin concentration CHb according to Formula (9). 

[0069] Here, εHbO2,o denotes an absorption coefficient for HbO2 with respect to the wavelength λo; εHb,o denotes an
absorption coefficient for Hb with respect to the wavelength λo; εHb,x denotes an absorption coefficient for Hb with respect
to the wavelength λx; kx and ko denote constants determined by the wavelengths λx and λo and characteristics of
scattering and absorbing incident light at a predetermined body part; and ax and ao denote constants determined by a
size of a scattered particle, a refractive index of hemoglobin, a refractive index of serum, and the wavelengths λx and λo.
[0070] FIG. 14 is a flowchart of a method of measuring a pulse rate. A method of measuring a pulse rate will be
described with further reference to FIGS. 9 and 14.
[0071] When a pulse wave necessary for performing a measurement of oxygen saturation is measured, a change in
a blood flow rate in an artery is caused by a heart beat. A pulse rate is measured to measure the heart rate. As shown
in FIG. 8, light transmitted through a predetermined body part is received and converted into an electrical signal by the
photodetector. The electrical signal is amplified by the amplifier 581 and collected for a predetermined period of time,
thereby forming PPG data. In step S1410, the PPG data is band pass filtered by the filter 583. In step S1420, the peak
detector 585 differentiates the band-pass filtered signal and finds an inflection point at which a slope changes from
positive to negative. In step S1430, an inflection point value is compared with a threshold value set initially, and the
inflection point is detected as a peak when the inflection point value exceeds the threshold value, as shown in FIG. 15A.
In step S1440, the pulse detector 910 calculates an average of time differences between peaks and, in step S1450,
calculates a pulse rate per minute by dividing 60 seconds by the average time difference.
[0072] FIG. 15B illustrates a method of detecting a respiration frequency.
[0073] Referring to FIGS. 9 and 15B, an AC component of a PPG is synchronized with a respiration signal as well as
a heart beat. A PPG signal and respiration are related as follows. According to a mechanism based on maintenance of
homeostasis of a human body, during inhalation, an intra-thoracic pressure decreases, the amount of blood returning
to the heart increases, a blood pressure increases due to an increase in a cardiac output, and a depressor center is
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excited to expand peripheral arteries. In contrast, during exhalation, the peripheral arteries are contracted. A change in
an optical path length due to expansion and contraction of the peripheral arteries is reflected on the PPG. Synchronization
between the AC component and the respiration signal occurs because a change in a blood flow rate is caused by
respiration and reflected on the PPG.
[0074] Frequency components in a respiration signal band are classified using a digital filter in order to extract a
respiration signal from a PPG signal. A PPG signal output from the peak detector 585 is filtered by the BPF 930 having
a cut-off frequency of about 0.13-0 48 Hz including a frequency band of a normal respiration signal. The respiration
detector 935 detects a respiration signal from the filtered PPG signal, calculates an average respiration frequency by
dividing 60 seconds by an average period of the respiration signal, and outputs the average respiration frequency to the
display unit 590.
[0075] FIGS. 16A and 16B show a PPG signal and a respiration signal, respectively. FIG. 17A shows a PPG waveform
obtained by band-pass filtering the PPG signal shown in FIG. 16A. FIG. 17B shows a waveform obtained by removing
low-frequency components from the respiration signal shown in FIG. 16B. It may be seen from a comparison of FIGS.
17A and 17B that the band-pass filtered PPG signal closely correlates with the respiration signal.
[0076] FIG. 18 is a block diagram of an apparatus for measuring a bio signal according to an embodiment of the
present invention. Referring to FIG. 18, the bio signal measurement unit 1800 has a cap shape so that it may be mounted
on an earphone 1830 reproducing voice from an existing portable apparatus when a bio signal is measured. The bio
signal measurement unit 1800, a controller 1850, and a display unit 1890 have the same structures as those described
above, and thus only the difference will be described.
[0077] In the second embodiment, the earphone 1830 supplies driving power to a temperature measurement module
including a waveguide 1811 and an infrared sensor 1813 and to a PPG measurement module 1820 and has a plurality
of electrodes 1835 on an outer surface for receiving a measured signal. The bio signal measurement unit 1800 has a
recess into which the earphone 1830 is inserted. A plurality of electrodes 1815 and 1825 are disposed in the recess so
that they are connected to the electrodes 1835 of the earphone 1830 when the earphone 1830 is inserted into the recess.
The waveguide 1811 collecting infrared rays and the infrared sensor 1813 converting the collected infrared rays to an
electrical signal are installed within the cap shape of the bio signal measurement unit 1800.
[0078] When measuring a bio signal, a user mounts the cap-shaped bio signal measurement unit 1800 on the earphone
1830 such that the electrodes 1815 and 1825 are connected to the electrodes 1835 and then inserts the bio signal
measurement unit 1800 combined with the earphone 1830 into his ear.
[0079] The present invention may use code that is recorded on a computer readable recording medium and can be
read by a computer. The computer readable recording medium may be any type of medium on which data that can be
read by a computer system can be recorded, for example, a ROM, a RAM, a CD-ROM, a magnetic tape, a floppy disc,
or an optical data storage device. The present invention may also be realized as carrier waves (for example, transmitted
through Internet). Alternatively, computer readable recording media may be distributed among computer systems con-
nected through a network so that the present invention can be realized as a code that is stored in the recording media
and can be read and executed in the computers.
[0080] As described above, an apparatus for measuring a bio signal according to an embodiment of the present
invention includes a module measuring various types of bio information so that various types of bio information can be
simultaneously measured. Also, a bio signal measurement unit including a photo plethysmography (PPG) measurement
module is structured to be insertable into an ear to be in close contact with an internal surface of the ear, so that the
measurement module remains without any movement, while measuring the PPG signal, thereby capable of minimizing
an influence of a motion artifact. In addition, an error occurring due to contamination or damage of a sensor can be reduced.
[0081] Moreover, since an apparatus for measuring a bio signal according to an embodiment of the present invention
can be connected to a mobile apparatus such as an earphone, it is convenient to carry. Further, a user is able to reposition
the mount of the apparatus based on feel while observing a measured value displayed on a mobile apparatus. Thus,
the user is able to perform measurements on himself and self-diagnose a condition.
[0082] When an apparatus for measuring a bio signal according to an embodiment of the present invention is combined
with a mobile communication terminal, a measured bio signal can be displayed to a user through a display apparatus
included in the mobile communication terminal and easily transmitted to a remote medical institution through the mobile
communication terminal. As a result, remote medical treatment is possible.
[0083] Preferred embodiments of the present invention have been disclosed herein and, although specific terms are
employed, they are used and are to be interpreted in a generic and descriptive sense only and not for purpose of limitation.
Accordingly, it will be understood by those of ordinary skill in the art that various changes in form and details may be
made without departing from the scope of the present invention as set forth in the following claims.
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Claims

1. An apparatus for measuring a bio signal, comprising:

a bio signal measurement unit (1800), which is insertable into an ear to be in close contact with an internal
surface of the ear, the bio signal measurement unit having a photo plethysmography (PPG) measurement
module (1820) for radiating light of different wavelengths onto the internal surface of the ear, detecting light
transmitted through the ear, and outputting a PPG signal including bio information;
a control unit (1850) having a PPG signal processor (580) for generating the bio information using the PPG
signal measured by the PPG measurement module; and
an output unit (1890) for displaying the bio information generated from the control unit;

characterised by further comprising:

a plurality of electrodes (1815,1825) on the bio signal measurement unit for outputting the PPG signal; and
an earphone (1830) having a speaker for outputting sound and a plurality of electrodes (1835) on an outer
surface for connection to the plurality of electrodes (1815,1825) of the bio signal measurement unit to receive
the PPG signal output from the bio signal measurement unit;
wherein
the output unit is a liquid crystal display apparatus of a mobile communication terminal; and
the control unit (1850) has a sound processor for outputting a sound signal to the earphone.

2. The apparatus as claimed in claim 1, wherein the PPG measurement module (1820) comprises:

a light source unit for radiating light onto the internal surface of the ear; and
a photodetector for detecting light radiated onto the internal surface of the ear and then transmitted through the
ear.

3. The apparatus as claimed in claim 2, wherein the light source unit comprises:

a first light source for radiating light of a first wavelength onto the internal surface of the ear; and
a second light source for radiating light of a second wavelength onto the internal surface of the ear,
wherein the first and second wavelengths are different.

4. The apparatus as claimed in any preceding claim, wherein the PPG signal processor comprises:

a peak detector (585) for detecting peaks of the PPG signal; and
a signal processor (587) for generating the bio information using values of the peaks.

5. The apparatus as claimed in claim 4, wherein the signal processor (587) comprises a pulse detector (910) for
calculating a time interval between the peaks to measure a pulse rate.

6. The apparatus as claimed in claim 4 or 5, wherein the signal processor (587) comprises a respiration detector (935)
for band-pass filtering the PPG signal to measure a respiration frequency.

7. The apparatus as claimed in claim 4, 5 or 6, wherein the signal processor (587) comprises:

a reflection coefficient detector (924) for detecting an AC component and a DC component from each of PPG
signals detected at different wavelengths and measuring reflection coefficients; and
an oxygen saturation detector (926) for detecting oxygen saturation in blood using a ratio between the reflection
coefficients of the different wavelengths.

8. The apparatus as claimed in any of claims 4 to 7, wherein the PPG signal processor further comprises:

an amplifier (581) for amplifying the PPG signal; and
a filter (583) for removing noise components from the PPG signal amplified by the amplifier and then outputting
the PPG signal to the peak detector.
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9. The apparatus as claimed in any preceding claim, wherein the bio signal measurement unit further comprises a
temperature measurement module for sensing infrared rays radiated from a body and outputting an electrical signal
corresponding to the sensed infrared rays, and wherein the control unit further includes a temperature processor
(570) for calculating a body temperature using the electrical signal output from the temperature measurement module.

10. The apparatus as claimed in claim 9, wherein the temperature measurement module comprises:

a waveguide (1811) installed near an eardrum for guiding infrared rays radiated from the eardrum; and
a light receiver (1813) for sensing the infrared rays guided by the waveguide and converting the infrared rays
to the electrical signal.

11. The apparatus as claimed in claim 10, wherein the waveguide (1811) is made of a material that can reflect infrared
rays.

12. The apparatus as claimed in claim 9, 10 or 11, wherein the temperature processor (570) comprises:

an amplifier (571) for amplifying the electrical signal received from the temperature measurement module;
a filter (572) for removing noise from the amplified electrical signal; and
an analog-to-digital converter (573) for converting the electrical signal to a digital signal.

13. The apparatus as claimed in any preceding claim, further comprising a mobile communication terminal through
which the bio information generated from the control unit is wirelessly transmitted to a predetermined medical
institution.

14. The apparatus as claimed in any preceding claim, wherein the output unit is a liquid crystal display apparatus of a
compact disc player.

15. The apparatus as claimed in any preceding claim, wherein the control unit further includes a sound processor for
controlling the volume of the sound signal.

16. A method of measuring a bio signal using an ear type bio signal measurement apparatus including a bio signal
measurement unit (1800), which is insertable into an ear to measure a bio signal, a control unit (1850) for generating
bio information using the measured bio signal, and an output unit (1890) for outputting the bio information, the
method comprising:

(a) receiving infrared rays radiated from an eardrum and measuring a body temperature using the bio signal
measurement unit;
(b) radiating light having different wavelengths onto an internal surface of an ear, which is in close contact with
the bio signal measurement unit, to measure a photo plethysmography (PPG) signal including bio information
and measuring at least one bio signal from among the group consisting of oxygen saturation, a pulse rate, and
a respiration frequency, using the PPG signal; and
(c) outputting the at least one bio signal measured in (a) and (b),

wherein (a) and (b) are simultaneously performed;
characterised in that the output unit is a liquid crystal display apparatus of a mobile communication terminal and
in that the measurement apparatus further comprises a plurality of electrodes on the bio signal measurement unit
for outputting the PPG signal, an earphone (1830) having a speaker for outputting sound and a plurality of electrodes
(1835) on an outer surface for connection to the plurality of electrodes (1815,1825) of the bio signal measurement
unit to receive the PPG signal output from the bio signal measurement unit and a control unit having a sound
processor for outputting a sound signal to the earphone;
wherein (c) further includes:

transmitting the measured PPG signal from the plurality of electrodes (181,1825) on the biosignal measurement
unit to plurality of electrodes (1835) on the outer surface of the earphone (1830); and
wirelessly transmitting the bio signals measured in (a) and (b) to a predetermined medical institution through
the mobile communication terminal; and
further characterised by outputting a sound signal received from the mobile communication terminal from the
earphone.
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17. The method as claimed in claim 16, wherein (b) comprises:

(b1) radiating the light having the different wavelengths onto the internal surface of the ear, receiving the light
transmitted through the ear, and outputting the PPG signal, using a PPG measurement module included in the
bio signal measurement unit having a side thereof in close contact with the internal surface of the ear;
(b2) detecting peaks of the PPG signal; and
(b3) generating bio information using the detected peaks.

18. The method as claimed in claim 17, wherein (b3) comprises:

detecting an AC component and a DC component from each of PPG signals detected at the different wavelengths
and measuring reflection coefficients of the different wavelengths; and
calculating oxygen saturation in blood using a ratio between the reflection coefficients of the different wave-
lengths.

19. The method as claimed in claim 17 or 18, wherein (b3) comprises band-pass filtering the PPG signal to detect a
respiration frequency.

20. The method as claimed in claim 17, 18 or 19, wherein (b2) comprises:

band-pass filtering the PPG signal collected for a predetermined period of time;
detecting an inflection point by differentiating the filtered PPG signal; and
storing the inflection point as a peak when the inflection point has a value exceeding a predetermined threshold
value.

21. The method as claimed in claim 17,18,19 or 20, wherein (b3) comprises measuring a pulse rate using a time interval
between peaks of the PPG signal.

22. The method as claimed in any of claims 16 to 21, wherein the output unit is a liquid crystal display apparatus of a
mobile communication terminal, and (c) further includes wirelessly transmitting the bio signals measured in (a) and
(b) to a predetermined medical institution through the mobile communication terminal.

Patentansprüche

1. Vorrichtung zum Messen eines Biosignals, umfassend:

eine Biosignalmesseinheit (1800), die in ein Ohr einsetzbar ist, so dass sie in engen Kontakt mit einer Innenfläche
des Ohrs kommt, wobei die Biosignalmesseinheit ein Photo-Plethysmographie(PPG)-Messmodul (1820) zum
Einstrahlen von Licht unterschiedlicher Wellenlängen auf die Innenfläche des Ohrs, Detektieren von durch das
Ohr transmittiertem Licht und Ausgeben eines PPG-Signals mit Bioinformationen aufweist,
eine Steuereinheit (1850) mit einem PPG-Signalprozessor (580) zum Erzeugen der Bioinformationen unter
Verwendung des vom PPG-Messmodul gemessenen PPG-Signals und
eine Ausgabeeinheit (1890) zum Anzeigen der von der Steuereinheit erzeugten Bioinformationen,
dadurch gekennzeichnet, dass sie weiter umfasst:

eine Mehrzahl von Elektroden (1815, 1825) an der Biosignalmesseinheit zum Ausgeben des PPG-Signals
und
einen Ohrhörer (1830) mit einem Lautsprecher zum Ausgeben von Schall und eine Mehrzahl von Elektroden
(1835) an einer Außenfläche zum Verbinden mit der Mehrzahl von Elektroden (1815, 1825) der Biosignal-
messeinheit zum Empfangen des von der Biosignalmesseinheit ausgegebenen PPG-Signals,
wobei die Ausgabeeinheit eine Flüssigkristallanzeigeeinrichtung eines mobilen Kommunikationsgeräts ist
und
die Steuereinheit (1850) einen Schallprozessor zum Ausgeben eines Schallsignals an den Ohrhörer auf-
weist.

2. Vorrichtung nach Anspruch 1, wobei das PPG-Messmodul (1820) umfasst:
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eine Lichtquelleneinheit zum Einstrahlen von Licht auf die Innenfläche des Ohrs und
einen Photodetektor zum Detektieren von auf die Innenfläche des Ohrs eingestrahltem und dann durch das
Ohr transmittiertem Licht.

3. Vorrichtung nach Anspruch 2, wobei die Lichtquelleneinheit umfasst:

eine erste Lichtquelle zum Einstrahlen von Licht einer ersten Wellenlänge auf die Innenfläche des Ohrs und
eine zweite Lichtquelle zum Einstrahlen von Licht einer zweiten Wellenlänge auf die Innenfläche des Ohrs,
wobei die erste und die zweite Wellenlänge unterschiedlich sind.

4. Vorrichtung nach einem der vorhergehenden Ansprüche, wobei der PPG-Signalprozessor umfasst:

einen Peakdetektor (585) zum Detektieren von Peaks im PPG-Signal und
einen Signalprozessor (587) zum Erzeugen der Bioinformationen unter Verwendung von Werten der Peaks.

5. Vorrichtung nach Anspruch 4, wobei der Signalprozessor (587) einen Pulsdetektor (935) zum Berechnen eines
Zeitintervalls zwischen den Peaks zum Messen einer Pulsrate umfasst.

6. Vorrichtung nach Anspruch 4 oder 5, wobei der Signalprozessor (587) einen Atmungsdetektor (935) zum Band-
passfiltern des PPG-Signals zum Messen einer Atmungsfrequenz umfasst.

7. Vorrichtung nach Anspruch 4, 5 oder 6, wobei der Signalprozessor (587) umfasst:

einen Reflexionskoeffizientendetektor (924) zum Detektieren einer AC-Komponente und einer DC-Komponente
aus jedem der PPG-Signale, die bei unterschiedlichen Wellenlängen detektiert wurden, und Messen von Re-
flexionskoeffizienten und
einen Sauerstoffsättigungsdetektor (926) zum Detektieren einer Sauerstoffsättigung im Blut unter Verwendung
eines Verhältnisses zwischen den Reflexionskoeffizienten der unterschiedlichen Wellenlängen,

8. Vorrichtung nach einem der Ansprüche 4 bis 7, wobei der PPG-Signalprozessor weiter umfasst:

einen Verstärker (581) zum Verstärken des PPG-Signals und
einen Filter (583) zum Eliminieren von Rauschkomponenten aus dem vom Verstärker verstärkten PPG-Signal
und dann Ausgeben des PPG-Signals an den Peakdetektor.

9. Vorrichtung nach einem der vorhergehenden Ansprüche, wobei die Biosignalmesseinheit weiter ein Temperatur-
messmodul zum Messen von Infrarotstrahlen, die von einem Körper ausgestrahlt werden, und Ausgeben eines
elektrischen Signals, das den gemessenen Infrarotstrahlen zugeordnet ist, umfasst und wobei die Steuereinheit
weiter einen Temperaturprozessor (570) zum Berechnen einer Körpertemperatur unter Verwendung des vom Tem-
peraturmessmodul ausgegebenen elektrischen Signals umfasst.

10. Vorrichtung nach Anspruch 9, wobei das Temperaturmessmodul umfasst:

einen Wellenleiter (1811), der nahe einem Trommelfell installiert ist, um vom Trommelfell ausgestrahlte Infra-
rotstrahlen zu leiten, und
einen Lichtempfänger (1813) zum Messen der vom Wellenleiter geleiteten Infrarotstrahlen und Umwandeln der
Infrarotstrahlen in das elektrische Signal.

11. Vorrichtung nach Anspruch 10, wobei der Wellenleiter (1811) aus einem Material gebildet ist, das Infrarotstrahlen
reflektieren kann.

12. Vorrichtung nach Anspruch 9, 10 oder 11, wobei der Temperaturprozessor (570) umfasst:

einen Verstärker (571) zum Verstärken des vom Temperaturmessmodul empfangenen elektrischen Signals,
einen Filter (572) zum Eliminieren von Rauschen aus dem verstärkten elektrischen Signal und
einen Analog/Digital-Wandler (573) zum Umwandeln des elektrischen Signals in ein digitales Signal.

13. Vorrichtung nach einem der vorhergehenden Ansprüche, weiter umfassend ein mobiles Kommunikationsgerät,
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durch das die von der Steuereinheit erzeugten Bioinformationen drahtlos zu einer vorgegebenen medizinischen
Einrichtung übertragen werden.

14. Vorrichtung nach einem der vorhergehenden Ansprüche, wobei die Ausgabeeinheit eine Flüssigkristallanzeigeein-
richtung eines Compact-Disc-Abspielgeräts ist.

15. Vorrichtung nach einem der vorhergehenden Ansprüche, wobei die Steuereinheit weiter einen Schallprozessor zum
Steuern der Lautstärke des Schallsignals aufweist.

16. Verfahren zum Messen eines Biosignals unter Verwendung einer Ohr-Biosignalmessvorrichtung, umfassend eine
Biosignalmesseinheit (1800), die in ein Ohr einsetzbar ist, um ein Biosignal zu messen, eine Steuereinheit (1850)
zum Erzeugen von Bioinformationen unter Verwendung des gemessenen Biosignals und eine Ausgabeeinheit (1890)
zum Ausgeben der Bioinformationen, wobei das Verfahren umfasst:

(a) Empfangen von Infrarotstrahlen, die von einem Trommelfell ausgestrahlt werden, und Messen einer Kör-
pertemperatur unter Verwendung der Biosignalmesseinheit,
(b) Einstrahlen von Licht mit unterschiedlichen Wellenlängen auf eine Innenfläche eines Ohrs, die in engem
Kontakt mit der Biosignalmesseinheit steht, um ein Photo-Plethysmographie(PPG)-Signal zu messen, das Bioin-
formationen beinhaltet, und Messen mindestens eines Biosignals aus der Gruppe bestehend aus Sauerstoff-
sättigung, Pulsrate und Atmungsfrequenz unter Verwendung des PPG-Signals und
(c) Ausgeben des mindestens einen in (a) und (b) gemessenen Biosignals, wobei (a) und (b) gleichzeitig durch-
geführt werden,

dadurch gekennzeichnet, dass die Ausgabeeinheit eine Flüssigkristallanzeigeeinrichtung eines mobilen Kommu-
nikationsgeräts ist und dass die Messvorrichtung weiter eine Mehrzahl von Elektroden an der Biosignalmesseinheit
zum Ausgeben des PPG-Signals, einen Ohrhörer (1830) mit einem Lautsprecher zum Ausgeben von Schall und
eine Mehrzahl von Elektroden (1835) an einer Außenfläche zum Verbinden mit der Mehrzahl von Elektroden (1815,
1825) der Biosignalmesseinheit zum Empfangen des von der Biosignalmesseinheit ausgegebenen PPG-Signals
und eine Steuereinheit mit einem Schallprozessor zum Ausgeben eines Schallsignals an den Ohrhörer umfasst,
wobei (c) weiter umfasst:

Übertragen des gemessenen PPG-Signals von der Mehrzahl von Elektroden (1815, 1825) an der Biosignal-
messeinheit zur Mehrzahl von Elektroden (1835) an der Außenfläche des Ohrhörers (1830) und
drahtloses Übertragen der in (a) und (b) gemessenen Biosignale zu einer vorgegebenen medizinischen Ein-
richtung durch das mobile Kommunikationsgerät und
weiter gekennzeichnet durch Ausgeben eines vom mobilen Kommunikationsgerät empfangenen Schallsignals
vom Ohrhörer.

17. Verfahren nach Anspruch 16, wobei (b) umfasst:

(b1) Einstrahlen des Lichts mit den unterschiedlichen Wellenlängen auf die Innenfläche des Ohrs, Empfangen
des durch das Ohr transmittierten Lichts und Ausgeben des PPG-Signals unter Verwendung eines in der Bio-
signalmesseinheit enthaltenen PPG-Messmoduls, wobei eine Seite davon in engem Kontakt mit der Innenfläche
des Ohrs steht,
(b2) Detektieren von Peaks des PPG-Signals und
(b3) Erzeugen von Bioinformationen unter Verwendung der detektierten Peaks.

18. Verfahren nach Anspruch 17, wobei (b3) umfasst:

Detektieren einer AC-Komponente und einer DC-Komponente aus jedem der PPG-Signale, die bei unterschied-
lichen Wellenlängen detektiert wurden, und Messen von Reflexionskoeffizienten der unterschiedlichen Wellen-
längen, und
Berechnen einer Sauerstoffsättigung im Blut unter Verwendung eines Verhältnisses zwischen den Reflexions-
koeffizienten der unterschiedlichen Wellenlängen.

19. Verfahren nach Anspruch 17 oder 18, wobei (b3) Bandpassfiltern des PPG-Signals zum Detektieren einer Atmungs-
frequenz umfasst.
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20. Verfahren nach Anspruch 17, 18 oder 19, wobei (b2) umfasst:

Bandpassfiltern des über eine vorgegebene Zeitspanne aufgenommenen PPG-Signals,
Detektieren eines Wendepunkts durch Differenzieren des gefilterten PPG-Signals und
Speichern des Wendepunkts als Peak, wenn der Wendepunkt einen Wert aufweist, der einen vorgegebenen
Schwellenwert übersteigt.

21. Verfahren nach Anspruch 17, 18, 19 oder 20, wobei (b3) Messen einer Pulsrate unter Verwendung eines Zeitintervalls
zwischen Peaks des PPG-Signals umfasst.

22. Verfahren nach einem der Ansprüche 16 bis 21, wobei die Ausgabeeinheit eine Fliässigkristallanzeigeeinrichtung
eines mobilen Kommunikationsgeräts ist und (c) weiter drahtloses Übertragen der in

(a) und (b) gemessenen Biosignale zu einer vorgegebenen medizinischen Einrichtung durch das mobile Kom-
munikationsgerät umfasst.

Revendications

1. Appareil pour mesurer un signal biologique, comprenant :

une unité de mesure de signal biologique (1800), qui peut être insérée dans une oreille pour être en contact
étroit avec une surface interne de l’oreille, l’unité de mesure de signal biologique comportant un module de
mesure de pléthysmographie optique (PPG) (1820) pour rayonner une lumière à différentes longueurs d’onde
sur la surface interne de l’oreille, détecter la lumière transmise à travers l’oreille, et délivrer un signal de PPG
comprenant des informations biologiques,
une unité de commande (1850) comportant un processeur de signaux de PPG (580) pour générer les informa-
tions biologiques en utilisant le signal de PPG mesuré par le module de mesure de PPG ; et
une unité de sortie (1890) pour afficher les informations biologiques générées par l’unité de commande ;

caractérisé en ce qu’il comprend en outre :

une pluralité d’électrodes (1815, 1825) sur l’unité de mesure de signal biologique pour délivrer le signal de
PPG ; et
un écouteur (1830) comportant un haut-parleur pour délivrer un son et une pluralité d’électrodes (1835) sur une
surface externe pour une connexion à la pluralité d’électrodes (1815, 1825) de l’unité de mesure de signal
biologique pour recevoir le signal de PPG délivré par l’unité de mesure de signal biologique ;

dans lequel

l’unité de sortie est un dispositif d’affichage à cristaux liquides d’un terminal de communication mobile ; et
l’unité de commande (1850) comporte un processeur de son pour délivrer un signal sonore à l’écouteur.

2. Appareil selon la revendication 1, dans lequel le module de mesure de PPG (1820) comprend :

une unité de source de lumière pour rayonner une lumière sur la surface interne de l’oreille ; et
un photodétecteur pour détecter la lumière rayonnée sur la surface interne de l’oreille et transmise ensuite à
travers l’oreille.

3. Appareil selon la revendication 2, dans lequel l’unité de source de lumière comprend :

une première source de lumière pour rayonner une lumière à une première longueur d’onde sur la surface
interne de l’oreille ; et
une deuxième source de lumière pour rayonner une lumière à une deuxième longueur d’onde sur la surface
interne de l’oreille,
dans lequel les première et deuxième longueurs d’onde sont différentes.

4. Appareil selon l’une quelconque des revendications précédentes, dans lequel le processeur de signaux de PPG
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comprend :

un détecteur de pic (585) pour détecter les pics du signal de PPG ; et
un processeur de signaux (587) pour générer les informations biologiques en utilisant les valeurs des pics.

5. Appareil selon la revendication 4, dans lequel le processeur de signaux (587) comprend un détecteur d’impulsion
(910) pour calculer un intervalle de temps entre les pics pour mesurer une fréquence d’impulsion.

6. Appareil selon la revendication 4 ou 5, dans lequel le processeur de signaux (587) comprend un détecteur de
respiration (935) pour appliquer un filtrage passe-bande au signal de PPG pour mesurer une fréquence de respiration.

7. Appareil selon la revendication 4, 5 ou 6, dans lequel le processeur de signaux (587) comprend :

un détecteur de coefficient de réflexion (924) pour détecter une composante alternative et une composante
continue de chacun des signaux de PPG détectés à différentes longueurs d’onde et mesurer les coefficients
de réflexion ; et
un détecteur de saturation en oxygène (926) pour détecter une saturation en oxygène dans le sang en utilisant
un rapport entre les coefficients de réflexion des différentes longueurs d’onde.

8. Appareil selon l’une quelconque des revendications 4 à 7, dans lequel le processeur de signaux de PPG comprend
en outre :

un amplificateur (581) pour amplifier le signal de PPG ; et
un filtre (583) pour retirer les composantes de bruit du signal de PPG amplifié par l’amplificateur et pour délivrer
ensuite le signal de PPG au détecteur de pic.

9. Appareil selon l’une quelconque des revendications précédentes, dans lequel l’unité de mesure de signal biologique
comprend en outre un module de mesure de température pour détecter les rayons infrarouges rayonnés par un
corps et pour délivrer un signal électrique correspondant aux rayons infrarouges détectés, et dans lequel l’unité de
commande comprend en outre un processeur de température (570) pour calculer une température corporelle en
utilisant le signal électrique délivré par le module de mesure de température.

10. Appareil selon la revendication 9, dans lequel le module de mesure de température comprend :

un guide d’ondes (1811) installé à proximité d’un tympan pour guider les rayons infrarouges rayonnés par le
tympan ; et
un récepteur de lumière (1813) pour détecter les rayons infrarouges guidés par le guide d’ondes et pour convertir
les rayons infrarouges en le signal électrique.

11. Appareil selon la revendication 10, dans lequel le guide d’ondes (1811) est réalisé en un matériau qui peut réfléchir
les rayons infrarouges.

12. Appareil selon la revendication 9, 10 ou 11, dans lequel le processeur de température (570) comprend :

un amplificateur (571) pour amplifier le signal électrique reçu du module de mesure de température ;
un filtre (572) pour retirer le bruit du signal électrique amplifié ; et
un convertisseur analogique-numérique (573) pour convertir le signal électrique en un signal numérique.

13. Appareil selon l’une quelconque des revendications précédentes, comprenant en outre un terminal de communi-
cation mobile par l’intermédiaire duquel les informations biologiques générées par l’unité de commande sont trans-
mises à un organisme médical prédéterminé par une liaison sans fil.

14. Appareil selon l’une quelconque des revendications précédentes, dans lequel l’unité de sortie est un dispositif
d’affichage à cristaux liquides d’un lecteur de disque compact.

15. Appareil selon l’une quelconque des revendications précédentes, dans lequel l’unité de commande comprend en
outre un processeur de son pour commander le volume du signal sonore.
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16. Procédé de mesure d’un signal biologique en utilisant un appareil de mesure de signal biologique du type auditif
comprenant une unité de mesure de signal biologique (1800), qui peut être insérée dans une oreille pour mesurer
un signal biologique, une unité de commande (1850) pour générer des informations biologiques en utilisant le signal
biologique mesuré, et une unité de sortie (1890) pour délivrer les informations biologiques, le procédé consistant à :

(a) recevoir des rayons infrarouges rayonnés par un tympan et mesurer une température corporelle en utilisant
l’unité de mesure de signal biologique ;
(b) rayonner une lumière ayant différentes longueurs d’onde sur une surface interne d’une oreille, qui est en
contact étroit avec l’unité de mesure de signal biologique, pour mesurer un signal de pléthysmographie optique
(PPG) comprenant des informations biologiques et pour mesurer au moins un signal biologique du groupe
consistant en une saturation en oxygène, une fréquence d’impulsion et une fréquence de respiration, en utilisant
le signal de PPG ; et
(c) délivrer ledit au moins un signal biologique mesuré aux étapes (a) et (b),

dans lequel les étapes (a) et (b) sont effectuées simultanément; caractérisé en ce que l’unité de sortie est un
dispositif d’affichage à cristaux liquides d’un terminal de communication mobile, et en ce que l’appareil de mesure
comprend en outre une pluralité d’électrodes sur l’unité de mesure de signal biologique pour délivrer le signal de
PPG, un écouteur (1830) comportant un haut-parleur pour délivrer un son et une pluralité d’électrodes (1835) sur
une surface externe pour une connexion à la pluralité d’électrodes (1815, 1825) de l’unité de mesure de signal
biologique pour recevoir le signal de PPG délivré par l’unité de mesure de signal biologique et une unité de commande
comportant un processeur de son pour délivrer un signal sonore à l’écouteur ;
dans lequel l’étape (c) consiste en outre à :

transmettre le signal de PPG mesuré de la pluralité d’électrodes (181, 1825) sur l’unité de mesure de signal
biologique à la pluralité d’électrodes (1835) sur la surface externe de l’écouteur (1830) ; et
transmettre, par une liaison sans fil, les signaux biologiques mesurés aux étapes (a) et (b) à un organisme
médical prédéterminé par l’intermédiaire du terminal de communication mobile ; et
caractérisé en outre par la sortie d’un signal sonore reçu du terminal de communication mobile à partir de
l’écouteur.

17. Procédé selon la revendication 16, dans lequel l’étape (b) consiste à :

(b1) rayonner la lumière ayant les différentes longueurs d’onde sur la surface interne de l’oreille, recevoir la
lumière transmise à travers l’oreille, et délivrer le signal de PPG, en utilisant un module de mesure de PPG
inclus dans l’unité de mesure de signal biologique ayant un de ses côtés en contact étroit avec la surface interne
de l’oreille ;
(b2) détecter les pics du signal de PPG ; et
(b3) générer des informations biologiques en utilisant les pics détectés.

18. Procédé selon la revendication 17, dans lequel l’étape (b3) consiste à :

détecter une composante alternative et une composante continue dans chacun des signaux de PPG détectés
aux différentes longueurs d’onde et mesurer les coefficients de réflexion des différentes longueurs d’onde ; et
calculer une saturation en oxygène dans le sang en utilisant un rapport entre les coefficients de réflexion des
différentes longueurs d’onde.

19. Procédé selon la revendication 17 ou 18, dans lequel l’étape (b3) comprend le filtrage passe-bande du signal de
PPG pour détecter une fréquence de respiration.

20. Procédé selon la revendication 17, 18 ou 19, dans lequel l’étape (b2) consiste à :

appliquer un filtrage passe-bande au signal de PPG collecté pendant une période de temps prédéterminée ;
détecter un point d’inflexion en différenciant le signal de PPG filtré ; et
mémoriser le point d’inflexion en tant que pic lorsque le point d’inflexion a une valeur dépassant une valeur de
seuil prédéterminée.

21. Procédé selon la revendication 17, 18, 19 ou 20, dans lequel l’étape (b3) comprend la mesure d’une fréquence
d’impulsion en utilisant un intervalle de temps entre les pics du signal de PPG.
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22. Procédé selon l’une quelconque des revendications 16 à 21, dans lequel l’unité de sortie est un dispositif d’affichage
à cristaux liquides d’un terminal de communication mobile, et l’étape (c) comprend en outre la transmission, par
une liaison sans fil, des signaux biologiques mesurés aux étapes (a) et (b) à un organisme médical prédéterminé
par l’intermédiaire du terminal de communication mobile.
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