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7) ABSTRACT

A pulse wave measuring apparatus is provided, the pulse
wave measuring apparatus including: a cardiac pulse wave-
form information acquiring unit that optically acquires car-
diac pulse waveform information from a region of a living
body; and a pulse wave feature amount calculating unit that
calculates a pulse wave feature amount based on the pulse
waveform information, wherein the pulse waveform infor-
mation acquiring unit has a video input unit that receives an
input of a video of the region of the living body, and the
pulse waveform information acquiring unit outputs a win-
dow signal that includes first sample data from the pulse
waveform information, and outputs, from the video, the
window signal whose sampling rate is fixed to a predeter-
mined rate based on a reference signal indicating time.
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PULSE WAVE MEASURING DEVICE,
MOBILE DEVICE, MEDICAL EQUIPMENT
SYSTEM AND BIOLOGICAL INFORMATION
COMMUNICATION SYSTEM

[0001] The contents of the following Japanese patent
application(s) are incorporated herein by reference:

[0002] NO. 2013-267106 filed in JP on Dec. 25, 2013

[0003] NO.2014-213213 filed in JP on Oct. 17, 2014, and

[0004] NO. PCT/JP2014/084177 filed on Dec. 24, 2014
BACKGROUND

[0005] 1. Technical Field

[0006] The present invention relates to a pulse wave

measuring apparatus, a mobile device, a medical equipment
system and a biological information communication system.
[0007] 2. Related Art

[0008] Conventionally, a sheet called a cuff that is swollen
by air pressure has been used in a blood pressure measuring
apparatus that measures human blood pressure. The cuff is
wrapped around an arm of a human, is swollen by air
pressure, and applies a large pressure to the arm. Conven-
tional blood pressure measuring apparatuses measure blood
pressure based on the repulsive force of blood vessels in an
arm when pressure is applied thereto (see, for example,
Patent Document 1).

[0009] Patent Document 1: Japanese Patent Application
Publication No. 2010-94410

[0010] However, because conventional blood pressure
measuring apparatuses apply large pressures to living bodies
by using cuffs, the burden on the living bodies 1s significant.

SUMMARY

[0011] Therefore, it is an object of an aspect of the
innovations herein to provide a pulse wave measuring
apparatus, a mobile device, a medical equipment system and
a biological information communication system, which are
capable of overcoming the above drawbacks accompanying
the related art. The above and other objects can be achieved
by combinations described in the claims. That is, a first
aspect of the present invention provides a pulse wave
measuring apparatus comprising: a pulse waveform infor-
mation acquiring unit that optically acquires pulse waveform
information from a region of a living body; and a pulse wave
feature amount calculating unit that calculates a pulse wave
feature amount based on the pulse waveform information.
[0012] A second aspect of the present invention provides
a mobile device comprising the pulse wave measuring
apparatus according to the first aspect; and a display that
displays at least either of attribute information and health
information.

[0013] A third aspect of the present invention provides a
medical equipment system comprising: the pulse wave mea-
suring apparatus according to the first aspect; and medical
equipment controlled based on health information.

[0014] A fourth aspect of the present invention provides a
biological information communication system comprising a
correlation judging unit that has a plurality of the pulse wave
measuring apparatuses according to the first aspect, and
judges respective correlations of a plurality of the pulse
wave feature amounts or pieces of health information cal-
culated by the plurality of the pulse wave measuring appa-
ratus, wherein when there is a correlation that is higher than
a predetermined value among the respective correlations, the

Oct. 20, 2016

correlation judging unit transmits, to a pulse wave measur-
ing apparatus that calculates a corresponding pulse wave
feature amount among the plurality of pulse wave feature
amounts, information indicating that the correlation is
higher than the predetermined value.

[0015] The summary clause does not necessarily describe
all necessary features of the embodiments of the present
invention. The present invention may also be a sub-combi-
nation of the features described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 shows a blood pressure information output
apparatus 100 according to Embodiment 1

[0017] FIG. 2 shows the blood pressure information out-
put apparatus 100 according to Embodiment 2.

[0018] FIG. 3 shows the blood pressure information out-
put apparatus 100 according to Embodiment 3.

[0019] FIG. 4 shows the blood pressure information out-
put apparatus 100 according to Embodiment 4.

[0020] FIG. 5 shows the blood pressure information out-
put apparatus 100 according to Embodiment 5.

[0021] FIG. 6 shows the blood pressure information out-
put apparatus 100 according to Embodiment 6.

[0022] FIG. 7 shows the blood pressure information out-
put apparatus 100 according to Embodiment 7.

[0023] FIG. 8 shows the blood pressure information out-
put apparatus 100 according to Embodiment 8.

[0024] FIG. 9 shows the blood pressure information out-
put apparatus 100 according to Embodiment 9.

[0025] FIG. 10 shows the blood pressure information
output apparatus 100 according to Embodiment 10.

[0026] FIG. 11 shows the blood pressure information
output apparatus 100 according to Embodiment 11.

[0027] FIG. 12 shows the blood pressure information
output apparatus 100 according to Embodiment 12.

[0028] FIG. 13 shows one example of the configuration of
the blood pressure information output apparatus 100.
[0029] FIG. 14 shows one example of the configuration of
the blood pressure information output apparatus 100.
[0030] FIG. 15 shows one example of the configuration of
the blood pressure information output apparatus 100.

[0031] FIG. 16 shows one example of the display form of
the display 35.
[0032] FIG. 17 shows one example of the configuration of

areal-time blood pressure information output apparatus 101.
[0033] FIG. 18 shows one example of the configuration of
the real-time blood pressure information output apparatus
101.

[0034] FIG. 19 shows one example of the configuration of
the real-time blood pressure information output apparatus
101.

[0035] FIG. 20 shows one example of the configuration of
the blood pressure information output apparatus 100.
[0036] FIG. 21 shows one example of the configuration of
the blood pressure information output apparatus 100.

[0037] FIG. 22 shows a state of extracting a video of a
living body 10.
[0038] FIG. 23 shows one example of a pulse rate detec-
tion algorithm.
[0039] FIG. 24 shows detection results of a pulse rate HR.
[0040] FIG. 25 shows one example of an algorithm of

calculating pulse wave temporal information 46.
[0041] FIG. 26 shows a waveform of pulse wave compo-
nent signals obtained at Step S201.
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[0042] FIG. 27 shows a waveform of pulse wave compo-
nent signals obtained at Step S202.

[0043] FIG. 28 shows comparison between a waveform of
Cb+Cr trace intensity and a waveform obtained by first-
order differentiation thereof.

[0044] FIG. 29 shows expanded views of an output wave-
form after spline interpolation, and a waveform obtained by
first-order differentiation thereof.

[0045] FIG. 30 shows a correlation between blood pres-
sure BP and temporal information TR, TF.

[0046] FIG. 31 is a figure for explaining an algorithm of
calculating parameters a to d.

[0047] FIG. 32 shows one example of a method of esti-
mating systolic blood pressure SBP.

[0048] FIG. 33 shows one example of a method of esti-
mating diastolic blood pressure DBP.

[0049] FIG. 34 shows one example of a method of setting
an independent feature amount in the time domain.

[0050] FIG. 35 is a figure for explaining a method of
choosing a feature amount of systolic blood pressure SBP.
[0051] FIG. 36 is a figure for explaining a method of
choosing a feature amount of diastolic blood pressure DBP.
[0052] FIG. 37 shows an estimation equation using a pulse
wave feature amount in the time domain.

[0053] FIG. 38 shows an estimation equation using a pulse
wave feature amount in the time domain.

[0054] FIG. 39 shows a result of comparison between a
blood pressure estimation method 2 and a blood pressure
estimation method 3.

[0055] FIG. 40 shows an example of deriving curvature
based on a top peak and a bottom peak.

[0056] FIG. 41 shows an example of deriving curvature
based on a top peak and a bottom peak.

[0057] FIG. 42 shows one example of a method of calcu-
lating a pulse wave feature amount.

[0058] FIG. 43 shows one example of a method of calcu-
lating a feature amount by using a differential pulse wave.
[0059] FIG. 44 shows one example of a correlation
between a dimensionless pulse wave feature amount and
systolic blood pressure SBP.

[0060] FIG. 45 shows one example of a correlation
between a dimensionless pulse wave feature amount and
diastolic blood pressure DBP.

[0061] FIG. 46 shows a result of estimating systolic blood
pressure SBP of the living body 10.

[0062] FIG. 47 shows one example of the configuration of
a pulse wave measuring apparatus 102.

[0063] FIG. 48 shows one example of the configuration of
the pulse wave measuring apparatus 102.

[0064] FIG. 49 shows one example of the configuration of
the pulse wave measuring apparatus 102.

[0065] FIG. 50 shows one example of the configuration of
the pulse wave measuring apparatus 102.

[0066] FIG. 51 shows one example of the configuration of
the pulse wave measuring apparatus 102.

[0067] FIG. 52 shows one example of the configuration of
the pulse wave measuring apparatus 102.

[0068] FIG. 53 shows one example of a method of seg-
menting out a window signal.

[0069] FIG. 54 shows one example of the configuration of
the pulse wave measuring apparatus 102.

[0070] FIG. 55 shows one example of a method of calcu-
lating a pulse wave feature amount 71.
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[0071] FIG. 56 shows one example of the configuration of
a pulse wave feature amount calculating unit 70.

[0072] FIG. 57 shows one example of an algorithm of
signal processing by a pulse rate calculating unit 20.

[0073] FIG. 58 shows one example of the Hanning win-
dow function.
[0074] FIG. 59 shows one example of the Kaiser-Bessel

derived window function.

[0075] FIG. 60 shows one example of fixed resampling
using illumination.

[0076] FIG. 61 shows one example of the configuration of
the pulse wave measuring apparatus 102.

[0077] FIG. 62 shows one example of the configuration of
the pulse wave measuring apparatus 102.

[0078] FIG. 63 shows one example of the configuration of
the pulse wave measuring apparatus 102.

[0079] FIG. 64 shows one example of the configuration of
the pulse wave measuring apparatus 102.

[0080] FIG. 65 shows one example of the configuration of
the pulse wave measuring apparatus 102.

[0081] FIG. 66 shows one example of the configuration of
the pulse wave measuring apparatus 102.

[0082] FIG. 67 shows one example of the configuration of
the pulse wave measuring apparatus 102.

[0083] FIG. 68 shows one example of the pulse wave
measuring apparatus 102 according to Embodiment 13.
[0084] FIG. 69 shows one example of signal processing by
the pulse wave measuring apparatus 102.

[0085] FIG. 70 shows one example of the pulse wave
measuring apparatus 102 according to Embodiment 14.
[0086] FIG. 71 shows one example of signal processing by
the pulse wave measuring apparatus 102.

[0087] FIG. 72 shows a method of estimating the age of a
measurement subject.

[0088] FIG. 73 shows a method of estimating the age of a
measurement subject.

[0089] FIG. 74 shows one example of the pulse wave
measuring apparatus 102 according to Embodiment 15.
[0090] FIG. 75 shows one example of the configuration of
the pulse wave measuring apparatus 102.

[0091] FIG. 76 shows one example of the pulse wave
measuring apparatus 102 according to Embodiment 16.
[0092] FIG. 77 shows one example of the pulse wave
measuring apparatus 102 according to Embodiment 17.
[0093] FIG. 78 shows one example of the pulse wave
measuring apparatus 102 according to Embodiment 18.
[0094] FIG. 79 shows one example of the pulse wave
measuring apparatus 102 according to Embodiment 19.
[0095] FIG. 80 shows one example of the pulse wave
measuring apparatus 102 according to Embodiment 20.
[0096] FIG. 81 shows one example of signal processing by
the pulse wave measuring apparatus 102.

[0097] FIG. 82 shows one example of the pulse wave
measuring apparatus 102 according to Embodiment 21.
[0098] FIG. 83 shows one example of signal processing by
the pulse wave measuring apparatus 102.

[0099] FIG. 84 shows one example of the pulse wave
measuring apparatus 102 according to Embodiment 22.
[0100] FIG. 85 shows one example of the pulse wave
measuring apparatus 102 according to Embodiment 23.
[0101] FIG. 86 shows one example of the pulse wave
measuring apparatus 102 according to Embodiment 24.
[0102] FIG. 87 shows one example of the configuration of
an empathy detection system 500.
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[0103] FIG. 88 shows one example of the configuration of
the empathy detection system 500.

[0104] FIG. 89 shows one example of the configuration of
the empathy detection system 500.

[0105] FIG. 90 shows one example of operation of the
empathy detection system 500.

[0106] FIG. 91 shows one example of the configuration of
the empathy detection system 500.

[0107] FIG. 92 shows one example of operation of the
empathy detection system 500.

[0108] FIG. 93 shows one example of the configuration of
the empathy detection system 500.

[0109] FIG. 94 shows one example of operation of the
empathy detection system 500.

[0110] FIG. 95 shows one example of the configuration of
the empathy detection system 500.

[0111] FIG. 96 shows one example of the configuration of
the empathy detection system 500.

[0112] FIG. 97 shows one example of the configuration of
a biological information communication system 610.
[0113] FIG. 98 shows feeling monitoring based on the
wavelength of a pulse wave and skin conductivity.

[0114] FIG. 99 shows one example of the empathy detec-
tion system 500 according to Embodiment 25.

[0115] FIG. 100 shows one example of the empathy detec-
tion system 500 according to Embodiment 26.

[0116] FIG. 101 shows one example of the empathy detec-
tion system 500 according to Embodiment 27.

[0117] FIG. 102 shows one example of the empathy detec-
tion system 500 according to Embodiment 28.

[0118] FIG. 103 shows one example of the empathy detec-
tion system 500 according to Embodiment 29,

[0119] FIG. 104 shows one example of the hardware
configuration of a computer 1900.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0120] Hereinafter, (some) embodiment(s) of the present
invention will be described. The embodiment(s) do(es) not
limit the invention according to the claims, and all the
combinations of the features described in the embodiment(s)
are not necessarily essential to means provided by aspects of
the invention.

Embodiment 1

[0121] FIG. 1 shows a blood pressure information output
apparatus 100 according to Embodiment 1. The blood pres-
sure information output apparatus 100 according to the
present example is implemented in a smartphone. The blood
pressure information output apparatus 100 comprises a
video input unit 20 and a blood pressure information output
unit 30.

[0122] The video input unit 20 receives an input of a video
of a single region of a living body 10. The video input unit
20 comprises a camera, and captures a video of the living
body 10. The video input unit 20 according to the present
example acquires a video including a single region in the
living body 10. Thereby, a video having pulse waveform
information of the living body 10 is optically input to the
video input unit 20. A pulse wave is a temporal waveform
showing pulsation of blood vessels at a region of the living
body 10. pulse waveform information is information related
to the temporal waveform. For example, pulse waveform
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information includes information related to timing at which
a pulse wave shows a peak. In the present example, a video
of the nose 11 of the living body 10 is input to the video
input unit 20 via the camera. Note that in the present
specification, when the phrase “video of the living body 10”
appears, it refers to a video including a single region in the
living body 10. This applies similarly to a case where a video
is a previously recorded moving image or the like.

[0123] The blood pressure information output unit 30
outputs blood pressure information of the living body 10
based on a video input to the video input unit 20. The blood
pressure information output unit 30 comprises a display that
displays blood pressure information. Here, blood pressure
information is about blood pressure BP, states of blood
vessels such as a high blood pressure state, a normal blood
pressure state, a low blood pressure state or arterioscleross,
a vascular age, or information related to the blood pressure
BP such as a predisposition to stroke or the like. In the
present example, a systolic blood pressure (Highest: 130
mmHg), an average blood pressure (Average: 107 mmHg),
and a diastolic blood pressure (Lowest: 85 mmHg) of the
living body 10 are being displayed on the blood pressure
information output unit 30.

[0124] According to the hemoglobin concentration of the
blood of the living body 10, its light absorbing property for
G components (green components) among RGB compo-
nents in light changes. Because a pulse wave corresponds to
variation in a blood flow amount, the cycle of variation in G
components in light transmitted through or reflected by the
living body 10 corresponds to the cycle of a pulse wave of
the living body 10. That is, a video of the nose 11 of the
living body 10 in the present example includes a variation
waveform of G components according to a pulse wave.
[0125] The blood pressure information output apparatus
100 extracts a pulse wave component signal of blood vessels
in the nose 11 from a video of the nose 11. The pulse wave
component signal is a RGB signal or a YCbCr signal of a
video including pulse waveform information. The blood
pressure information output apparatus 100 calculates a pulse
rate HR of the living body 10 and temporal information of
apulse wave of the living body 10 from a video of the living
body 10. Temporal information refers to rising time TR or
falling time TF of a pulse wave. The blood pressure infor-
mation output apparatus 100 estimates and outputs blood
pressure BP from a pre-calculated relational expression
among a pulse rate HR, temporal information of a pulse
wave and blood pressure BP, and the pulse rate HR and the
temporal information of a pulse wave.

[0126] The video input unit 20 may detect motion of a
single region in the living body 10, and capture images by
tracking the region. When a single region of the living body
10 is moving toward the outside of an image-capture region
of the camera while a pulse wave is being detected, the video
input unit 20 may perform control so that the single region
is within the image-capture region of the camera by con-
trolling pan, tilt, zoom or the like of the camera. Also, the
blood pressure information output apparatus 100 may cal-
culate pulse information based on pulse waveform informa-
tion acquired in a period during which the moving speed of
a region of a single portion is equal to or lower than a
predetermined value.

[0127] Although the blood pressure information output
apparatus 100 according to the present example uses a video
of the nose 11 of the living body 10, it may use a video of



US 2016/0302735 Al

a fingertip of the living body 10. For example, the blood
pressure information output apparatus 100 acquires a video
of a fingertip by using an optical fingerprint sensor provided
on the rear surface of a smartphone. Also, the region a video
of which is to be captured is not limited to the nose 11 and
a fingertip, and the blood pressure information output appa-
ratus 100 may acquire a video of a single region of the living
body 10. The nose 11 and a fingertip are where capillaries
concentrate; thus, the hemoglobin concentration is high. For
this reason, by using a video of the nose 11 and a video of
a fingertip, the sensitivity of extracting the pulse waveform
information and the accuracy of calculating the pulse infor-
mation become high. Furthermore, the pulse waveform
information may be extracted by using a single photoelectric
plethysmogram wave meter worn on a fingertip.

[0128] Because in this manner, the blood pressure infor-
mation output apparatus 100 according to the present
example optically extracts the pulse waveform information
and outputs the blood pressure information, the burden on
the living body 10 is small. Also, because the blood pressure
information output apparatus 100 does not require time for
pressurization and depressurization that are required when a
cuff is used, real-time blood pressure information can be
output. Real-time blood pressure information refers to real-
time blood pressure information that is detected continu-
ously in every predetermined period. Furthermore, because
the blood pressure information output apparatus 100 accord-
ing to the present example is configured to extract pulse
waveform information from a video, blood pressure infor-
mation can be estimated without contacting or binding a
living body. Note that if a plurality of people is present in a
video from the camera, the blood pressure information
output apparatus 100 can estimate blood pressure informa-
tion of the plurality of people simultaneously.

Embodiment 2

[0129] FIG. 2 shows the blood pressure information out-
put apparatus 100 according to Embodiment 2. The blood
pressure information output apparatus 100 comprises the
video input unit 20 and the blood pressure information
output unit 30. The blood pressure information output appa-
ratus 100 according to the present example is implemented
inside a treadmill 200. The treadmill 200 is an exercise
machine such as a running machine, a walking machine, an
exercise bike at a fitness gym or the like. The treadmill 200
according to the present example is a running machine.
[0130] The video input unit 20 comprises a camera, and
captures a video of the nose 11 of the living body 10 who is
exercising on the treadmill 200. The blood pressure infor-
mation output unit 30 comprises a display, and displays
blood pressure information on the display. Thereby, the
living body 10 can check the blood pressure information of
himself/herself while exercising. Note that the blood pres-
sure information output unit 30 may display a pulse rate HR
in addition to the blood pressure information.

Embodiment 3

[0131] FIG. 3 shows the blood pressure information out-
put apparatus 100 according to Embodiment 3. The blood
pressure information output apparatus 100 comprises the
video input unit 20 and the blood pressure information
output unit 30. The blood pressure information output appa-
ratus 100 is implemented in a mirror of a washstand.
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[0132] The video input unit 20 comprises a camera, and
captures a video of the nose 11 of the living body 10 who is
washing hands, brushing teeth or doing other things in front
of the washstand. The blood pressure information output
unit 30 comprises a display, and displays, on the display,
blood pressure information of the living body 10 according
to the video captured by the video input unit 20. Thereby, the
living body 10 can know blood pressure information of
himself/herself while washing hands, brushing teeth, or
doing other things. Because the blood pressure information
output apparatus 100 according to the present example can
measure the blood pressure information simply and effort-
lessly, the blood pressure BP can be monitored constantly.

Embodiment 4

[0133] FIG. 4 shows the blood pressure information out-
put apparatus 100 according to Embodiment 4. The blood
pressure information output apparatus 100 comprises the
video input unit 20, the blood pressure information output
unit 30, an information input apparatus 50 and a PC main
body 210. The blood pressure information output apparatus
100 is implemented in a personal computer (PC), and
functions as a healthcare screen saver computer that displays
blood pressure information on a screen saver.

[0134] The video input unit 20 comprises a camera 25, and
captures a video of the living body 10 who is operating the
PC. The information input apparatus 50 comprises a mouse
51 and a keyboard 52. The living body 10 operates the
mouse 51 and the keyboard 52 to transmit an instruction or
input information to the PC main body 210.

[0135] The PC main body 210 is connected to the video
input unit 20, the blood pressure information output unit 30
and the information input apparatus 50. The PC main body
210 estimates blood pressure information based on a video
input from the video input unit 20. Also, based on the
information input from the information input apparatus 50,
the PC main body 210 determines whether or not to display
the estimated blood pressure information on the blood
pressure information output unit 30.

[0136] The blood pressure information output unit 30
comprises a monitor display 211. The monitor display 211
displays information that has been transmitted from the PC
main body 210 and corresponds to operation by the living
body 10. Also, the monitor display 211 displays blood
pressure information as a screen saver. In other words, the
monitor display 211 functions as a display for displaying
blood pressure information.

[0137] (a) of FIG. 4 shows the blood pressure information
output apparatus 100 in a case where the living body 10 is
operating the information input apparatus 50. The PC main
body 210 transmits, to the blood pressure information output
unit 30, information according to operation of the PC when
the living body 10 is operating the information input appa-
ratus 50. In other words, the PC main body 210 outputs, to
the blood pressure information output unit 30, information
according to usual PC operation when the living body 10 is
operating the information input apparatus 50.

[0138] (b) of FIG. 4 shows the blood pressure information
output apparatus 100 in a case where the living body 10 has
not operated the information input apparatus 50 for a pre-
determined length of time. When the living body 10 has not
operated the information input apparatus 50 for a predeter-
mined length of time, the PC main body 210 estimates blood
pressure information of the living body 10 based on a video
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of the living body 10, and transmits the blood pressure
information to the blood pressure information output unit
30. The blood pressure information output unit 30 displays
the blood pressure information on the monitor display 211.
[0139] For example, the monitor display 211 displays a
pulse wave, a pulse rate (Pulse rate: 72 bpm), systolic blood
pressure SBP (Highest: 109 mmHg) and diastolic blood
pressure DBP (Lowest: 80 mmHg) based on a video of the
nose 11 of the living body 10. Also, information displayed
on the monitor display 211 is not limited to pulse rate HR or
blood pressure BP, and the monitor display 211 may display
information such as a vascular age or arteriosclerosis. There-
after, when the living body 10 has operated the information
input apparatus 50, the blood pressure information output
apparatus 100 switches contents displayed on the monitor
display 211 from those displayed on the screen in (b) of FIG.
4 back to those displayed on the screen in (a) of FIG. 4, and
ends outputting the blood pressure information.

Embodiment 5

[0140] FIG. 5 shows the blood pressure information out-
put apparatus 100 according to Embodiment 5. The blood
pressure information output apparatus 100 comprises a
HMD 220 (head mount display) such as “GOOGLE
GLASS” (registered trademark), a smartphone 230 and a
wristwatch 240.

[0141] The HMD 220 comprises a HMD camera 221 and
a display glass 222 (blood pressure information display
unit). The HMD 220 acquires a video of the living body 10
from the HMD camera 221. In other words, the HMD
camera 221 is one example of the video input unit 20. The
HMD 220 transmits an acquired video or pulse waveform
information to the smartphone 230 wirelessly. The smart-
phone 230 according to the present example may cause the
video input unit 20 to function as a video receiving unit, and
receive a video from the HMD 220.

[0142] The smartphone 230 functions as a local server.
The smartphone 230 estimates real-time blood pressure
information based on the received video or pulse waveform
information. The estimated blood pressure information is
displayed on the blood pressure information output unit 30.
Also, the smartphone 230 may transmit the blood pressure
information to the HMD 220 and the wristwatch 240.
[0143] The wristwatch 240 comprises a clock display 241
(blood pressure information display unit) that displays time
or the like. Also, the wristwatch 240 displays, in real time on
the clock display 241, the blood pressure information trans-
mitted from the smartphone 230. The HMD 220 displays, in
real time on the display glass 222, the blood pressure
information transmitted from the smartphone 230.

[0144] The smartphone 230 and the wristwatch 240 may
have a camera or a photoelectric plethysmogram wave meter
that functions as a pulse waveform information acquiring
unit instead of the HMD 220. When the wristwatch 240 has
a camera or a photoelectric plethysmogram wave meter, the
smartphone 230, by having a pulse waveform information
receiving unit built therein, receives a video or pulse wave-
form information of the living body 10 from the wristwatch
240. The smartphone 230 estimates blood pressure infor-
mation based on the received video or pulse waveform
information, and transmits the blood pressure information to
the wristwatch 240 or the HMD 220 through a wireless
network such as BlueTooth (registered trademark) or Wi-Fi
(registered trademark).
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[0145] In other words, the blood pressure information
output apparatus 100 may acquire a video of the living body
10 from any of the HMD 220, the smartphone 230 and the
wristwatch 240. Also, the blood pressure information output
apparatus 100 may display pulse waveform information on
any of the display glass 222, the blood pressure information
output unit 30 and the clock display 241. Thereby, a user can
check pulse waveform information casually irrespective of
situations. Note that the blood pressure information output
apparatus 100 may cause the HMD 220 or the wristwatch
240 to function as a local server.

Embodiment 6

[0146] FIG. 6 shows the blood pressure information out-
put apparatus 100 according to Embodiment 6. The blood
pressure information output apparatus 100 according to
Embodiment 6 is different from the implementation example
in FIG. 5 in that the smartphone 230 does not function as a
local server, but functions as a relay unit in network com-
munication processing. The smartphone 230 comprises a
video transmitting unit, and transmits a video or pulse
waveform information to a network server 231 (cloud
server).

[0147] The network server 231 estimates real-time blood
pressure information based on the received video or pulse
waveform information. The smartphone 230 comprises a
blood pressure information receiving unit, and receives the
blood pressure information estimated by the network server
231.

[0148] The smartphone 230 transmits the blood pressure
information in real time to the wristwatch 240 through a
wireless network such as BlueTooth (registered trademark)
or Wi-Fi (registered trademark). The wristwatch 240 dis-
plays the blood pressure information in real time on the
clock display 241 on which time is displayed. Note that the
destination of transmission from the smartphone 230 is not
limited to the wristwatch 240, but may be the HMD 220.

Embodiment 7

[0149] FIG. 7 shows the blood pressure information out-
put apparatus 100 according to Embodiment 7. The blood
pressure information output apparatus 100 according to the
present example is implemented in a HMD. The blood
pressure information output apparatus 100 comprises the
HMD camera 221 and a mood display unit 33. The blood
pressure information output apparatus 100 according to the
present example functions as a mood monitor that detects
and displays a mood of the living body 10 in front of it.

[0150] The HMD camera 221 functions as the video input
unit 20, and captures a video of the living body 10 in front
of a user 13. The blood pressure information output appa-
ratus 100 estimates blood pressure information based on the
video captured by the HMD camera 221. The mood display
unit 33 displays the estimated blood pressure information.

[0151] The blood pressure information output apparatus
100 according to the present example acquires, through the
HMD camera 221, a video of the living body 10 in front of
the HMD camera 221, and estimates a pulse rate HR and
blood pressure BP of the living body 10 in front of it, and
tendency of changes (increase or decrease) in them. For
example, when a plurality of living bodies 10 is included in
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avideo, the blood pressure information output apparatus 100
estimates blood pressure information of the plurality of
living bodies 10.

[0152] For example, the mood display unit 33 indicates
that the pulse rate HR of a living body 10 on the left is 72
bpm and is decreasing, his/her systolic blood pressure SBP
is 109 mmHg and has remained unchanged, and his/her
diastolic blood pressure DBP is 80 mmHg and has remained
unchanged. Also, the mood display unit 33 displays that the
pulse rate HR of a living body 10 on the right is 72 bpm and
is increasing, his’her systolic blood pressure SBP is 109
mmHg and is increasing, and his/her diastolic blood pres-
sure DBP is 80 mmHg and is increasing. Thereby, the user
13 can know the mood of a conversation with the living
body 10 in front of him/her.

Embodiment 8

[0153] FIG. 8 shows the blood pressure information out-
put apparatus 100 according to Embodiment 8. The blood
pressure information output apparatus 100 is implemented in
a hand mirror. The blood pressure information output appa-
ratus 100 comprises the video input unit 20 and the blood
pressure information output unit 30.

[0154] The video input unit 20 captures a video of the nose
11 of the living body 10 by a camera or the like, and outputs
the captured video to the blood pressure information output
unit 30. The blood pressure information output unit 30
outputs real-time blood pressure information on the mirror
based on the input video. The blood pressure information
output apparatus 100 according to the present example
estimates a pulse rate HR, systolic blood pressure SBP,
diastolic blood pressure DBP of the living body 10 who is
using the hand mirror, and tendency of changes (increase or
decrease) in them, and displays blood pressure information
on the mirror.

Embodiment 9

[0155] FIG. 9 shows the blood pressure information out-
put apparatus 100 according to Embodiment 9. The blood
pressure information output apparatus 100 is configured
with the video input unit 20 that is provided to a bed, and the
smartphone 230. The blood pressure information output
apparatus 100 acquires, from the camera 25 provided to the
bed, a video of the living body 10 who is lying on the bed.
The blood pressure information output apparatus 100 trans-
mits the acquired video to the smartphone 230 of the user 13
wirelessly. The blood pressure information output apparatus
100 according to the present example operates as a health
monitor that manages health of the living body 10 or the like.
[0156] The smartphone 230 estimates real-time blood
pressure information based on the acquired video. For
example, the smartphone 230 displays, in real time, a pulse
rate HR or blood pressure information of the living body 10
(baby, elderly, sick person or the like) who is lying on the
bed. When a pulse rate HR or blood pressure BP is abnor-
mal, the blood pressure information output apparatus 100
transmits information indicating the abnormality to elec-
tronic equipment (smartphone 230) of the user 13 (guardian,
caregiver, doctor, nurse or the like) automatically.

Embodiment 10

[0157] FIG. 10 shows the blood pressure information
output apparatus 100 according to Embodiment 10. The
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blood pressure information output apparatus 100 according
to the present example functions as an operator monitoring
system. The blood pressure information output apparatus
100 is configured with the camera 25 and an alarm output
unit 252 that are provided to an operation control room in a
railway vehicle, and an operation monitoring computer 250
and an operation monitoring display 251 at an operation
monitoring center. The camera 25 according to the present
example functions as an operation control room camera.
Also, the operation monitoring computer 250 and the opera-
tion monitoring display 251 function as a physical condition
information output computer.

[0158] The camera 25 acquires a video of an operator who
is the living body 10, and transmits the video to the operation
monitoring computer 250. The operation monitoring com-
puter 250 estimates real-time blood pressure information of
the operator based on the video received from the camera 25.
When a pulse rate HR, blood pressure BP or the like of the
operator who is the living body 10 is abnormal, the operation
monitoring computer 250 displays, on the operation moni-
toring display 251, information about the vehicle in which
the physical condition of the living body 10 is abnormal.

[0159] When the pulse rate HR, blood pressure BP or the
like of the operator is abnormal, the computer at the opera-
tion monitoring center transmits, to the alarm output unit
252, information indicating that the physical condition of the
living body 10 is abnormal. When the abnormality has been
notified, the alarm output unit 252 issues an alarm by sound
or light. Note that the blood pressure information output
apparatus 100 according to the present example can be
applied not only to trains, but to automobiles, airplanes,
ships or the like similarly.

Embodiment 11

[0160] FIG. 11 shows the blood pressure information
output apparatus 100 according to Embodiment 11. The
blood pressure information output apparatus 100 functions
as a player monitor system that monitors the health state of
a game player. The blood pressure information output appa-
ratus 100 estimates the state of the game player who is the
living body 10 from changes in a pulse rate HR or blood
pressure BP, and controls the progression of a game inter-
actively (bi-directionally). The blood pressure information
output apparatus 100 is configured with the camera 25, a
game controller 260, a game console main body 261 and a
network game server 262.

[0161] The camera 25 acquires a video of the living body
10. The game controller 260 outputs information about
operation on the game console main body 261 by the living
body 10, and outputs the video obtained from the camera 25.
The game console main body 261 estimates real-time blood
pressure information based on video information output by
the game controller 260.

[0162] The network game server 262 estimates an excited
state or a mood of the living body 10 based on the blood
pressure information estimated by the game console main
body 261. The network game server 262 controls the speed
of progression of the game processed by the game console
main body 261 according to the estimated excited state or
mood. In other words, the network game server 262 instructs
the game console main body 261 to speed up or slow down
the speed of progression of the game.
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Embodiment 12

[0163] FIG. 12 shows the blood pressure information
output apparatus 100 according to Embodiment 12

[0164] The blood pressure information output apparatus
100 functions as a viewer monitoring system. The blood
pressure information output apparatus 100 comprises the
camera 25 and a television 270. The blood pressure infor-
mation output apparatus 100 according to the present
example functions as a contents display control television
that controls display of contents based on a video acquired
by the camera 25.

[0165] The camera 25 is provided to the television 270,
and acquires a video of a viewer who is the living body 10.
For example, the camera 25 is attached to an upper portion
of the television 270. Also, the camera 25 may be provided
within the television 270.

[0166] The television 270 estimates real-time blood pres-
sure information based on the video of the living body 10
acquired by the camera 25. The television 270 detects
photosensitive epilepsy and performs health management
based on the estimated blood pressure information. For
example, the television 270 shuts down automatically upon
detection of photosensitive epilepsy based on the blood
pressure information of the living body 10. Also, the tele-
vision 270 may shut down automatically upon reception of
contents that may cause photosensitive epilepsy to the living
body 10.

[0167] The blood pressure information output apparatus
100 according to Embodiments 1 to 12 can estimate blood
pressure information from a video of a single region of the
living body 10 without contacting it. For this reason, the
blood pressure information output apparatus 100 allows the
video input unit 20 to be installed freely at any location. A
user of the blood pressure information output apparatus 100
can monitor, in real time, blood pressure information of the
living body 10 or the like with natural operation.

[0168] FIG. 13 shows one example of the configuration of
the blood pressure information output apparatus 100. The
blood pressure information output apparatus 100 comprises
the video input unit 20 and the blood pressure information
output unit 30. The blood pressure information output appa-
ratus 100 estimates and outputs blood pressure BP from an
input video of a single region of the living body 10. Note that
the configuration of the blood pressure information output
apparatus 100 according to the present example can be
utilized in any of Embodiments 1 to 12.

[0169] The video input unit 20 receives an input of a single
region video 26 which is the video of the single region of the
living body 10. The video input unit 20 outputs the single
region video 26 to the blood pressure information output
unit 30.

[0170] The blood pressure information output unit 30
estimates blood pressure information of the living body 10
based on the single region video 26. For example, the blood
pressure information output unit 30 calculates a blood
pressure information estimate value 36 from the single
region video 26. The blood pressure information output unit
30 outputs the calculated blood pressure information esti-
mate value 36 as blood pressure information.

[0171] FIG. 14 shows one example of the configuration of
the blood pressure information output apparatus 100. The
blood pressure information output apparatus 100 according
to the present example is different from the implementation
example in FIG. 13 in that the video input unit 20 comprises
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the camera 25. The video input unit 20 acquires a video of
a single region of the living body 10 by the camera 25.

[0172] The camera 25 captures a video of a single region
of the living body 10. The camera 25 comprises a CCD
sensor, a CMOS sensor or the like as an image sensor. The
camera 25 outputs the captured video of the single region to
the blood pressure information output unit 30.

[0173] FIG. 15 shows one example of the configuration of
the blood pressure information output apparatus 100. The
blood pressure information output apparatus 100 according
to the present example is different from the implementation
example in FIG. 13 in that the blood pressure information
output unit 30 comprises a display 35.

[0174] Thedisplay 35 displays blood pressure information
based on the blood pressure information estimate value 36.
The display 35 may display all the pieces of information of
the blood pressure information obtained from the blood
pressure information estimate value 36, or may display a
part of the information of the blood pressure information.

[0175] Forexample, the blood pressure information output
unit 30 comprises a speaker instead of the display 35, and
outputs blood pressure information as audio signals. Also,
the blood pressure information output unit 30 transmits, to
electronic equipment such as a PC or a database at a medical
institution such as a hospital instead of the display 35, blood
pressure information by wireless or wired communication.

[0176] FIG. 16 shows one example of the display form of
the display 35. The display form of the display 35 shown in
FIG. 16 can be utilized in any of Embodiments 1 to 12.

[0177] (a) of FIG. 16 shows an example in which not a
blood pressure itself of the living body 10, but a blood
pressure state indicating whether blood pressure BP of the
living body 10 is a high blood pressure, a normal blood
pressure, a low blood pressure or the like is displayed. (b) of
FIG. 16 shows an example in which whether arteriosclerosis
is observed is displayed based on calculated pulse wave
propagation information or estimated blood pressure BP. (c)
of FIG. 16 shows an example in which a result of estimating
a vascular age 1s displayed based on calculated pulse wave
propagation information or estimated blood pressure BP. In
other words, (b) and (c) of FIG. 16 show blood vessel states.

[0178] In addition to display of absolute evaluation shown
in (a) to (c) of FIG. 16, the display 35 may display relative
evaluation obtained by comparison with an average value of
each individual. Also, the blood pressure information output
apparatus 100 may be provided with a storage unit therein,
and blood pressure information estimated in the past may be
memorized in the storage unit. In this case, the blood
pressure information output apparatus 100 may output, on
the display 35, past blood pressure information and current
blood pressure information together.

[0179] (d) of FIG. 16 shows the stiffness of blood vessels,
a vascular age, advice to a user, and a graph indicating a
relationship between the stiffness of blood vessels and a
vascular age. The solid line indicates an average value line
showing the average stiffness of blood vessels at each age.
The user can know from the graph whether his/her stiffness
is above or below the average value line. Other than this, for
example, information such as “Your blood pressure mea-
sured at this time is higher than usual,” “Your blood pressure
measured at this time is lower than usual,” or “Your blood
pressure measured at this time is the same as usual” may be
displayed.
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[0180] (e) of FIG. 16 shows an example in which the
display 35 displays whether the living body 10 has a
predisposition to stroke. Judgement about whether the living
body 10 has a predisposition to stroke can be made by
examining blood pressure at a steady-state, and variation in
blood pressure after exercise with a very low load. The user
can know from the display on the display 35 whether he/she
has a predisposition to stroke.

[0181] FIG. 17 shows one example of the configuration of
a real-time blood pressure information output apparatus 101.
The real-time blood pressure information output apparatus
101 is one example of the blood pressure information output
apparatus 100 in a case where real-time blood pressure
information is output from a facial video 27 of the living
body 10, in particular. The real-time blood pressure infor-
mation output apparatus 101 comprises a facial video input
unit 23 and a real-time blood pressure information output
unit 31.

[0182] The real-time blood pressure information output
apparatus 101 estimates blood pressure BP from the input
facial video 27 of the living body 10 and outputs it. Note that
the configuration of the real-time blood pressure information
output apparatus 101 according to the present example can
be utilized in any of Embodiments 1 to 12.

[0183] The facial video input unit 23 receives an input of
a video of the face 12 of the living body 10 as the facial
video 27. For example, the facial video 27 is a video of the
nose 11 of the living body 10. The facial video input unit 23
outputs the input facial video 27 to the real-time blood
pressure information output unit 31 in a real-time format.
[0184] The real-time blood pressure information output
unit 31 calculates a real-time blood pressure information
estimate value 37 of the living body 10 based on the input
facial video 27. For example, the real-time blood pressure
information output unit 31 outputs the real-time blood
pressure information estimate value 37 as real-time blood
pressure information. The real-time blood pressure informa-
tion output apparatus 101 according to the present example
acquires information of the face 12 of the living body 10,
which information changes from moment to moment, and
outputs real-time blood pressure information from the real-
time blood pressure information output unit 31.

[0185] FIG. 18 shows one example of the configuration of
the real-time blood pressure information output apparatus
101. The real-time blood pressure information output appa-
ratus 101 according to the present example is different from
the implementation example in FIG. 17 in that the facial
video input unit 23 comprises the camera 25. The facial
video input unit 23 acquires a video of the face 12 of the
living body 10 by the camera 25. The configuration of the
camera 25 is the same as the configuration of the camera 25
in FIG. 14, and the camera 25 outputs the acquired facial
video 27 to the real-time blood pressure information output
unit 31.

[0186] FIG. 19 shows one example of the configuration of
the real-time blood pressure information output apparatus
101. The real-time blood pressure information output appa-
ratus 101 according to the present example is different from
the implementation example in FIG. 17 in that the real-time
blood pressure information output unit 31 comprises the
display 35. The display 35 has the configuration which is the
same as that of the display 35 in FIG. 15, and displays
real-time blood pressure information based on the facial
video 27 in the real-time blood pressure information output
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unit 31. The display form of the display 35 may be the same
as those in (a) to (e) of FIG. 16.

[0187] For example, the real-time blood pressure infor-
mation output unit 31 comprises a speaker instead of the
display 35, and outputs real-time blood pressure information
as audio signals. Also, the real-time blood pressure infor-
mation output unit 31 transmits, to electronic equipment
such as a PC or a database at a medical institution such as
a hospital instead of the display 35, blood pressure infor-
mation by wireless or wired communication.

[0188] FIG. 20 shows one example of the configuration of
the blood pressure information output apparatus 100. The
blood pressure information output apparatus 100 comprises
the pulse waveform information acquiring unit 21, a pulse
information calculating unit 40 and the blood pressure
information output unit 30.

[0189] The pulse waveform information acquiring unit 21
optically acquires pulse waveform information 28 from
optical signals from a single region of the living body 10.
For example, the pulse waveform information acquiring unit
21 is a photoelectric plethysmogram wave meter that
acquires pulse waveform information by detecting, with a
photodiode (PD), transmitted light or reflected light of light
output by a light-emitting diode (LED).

[0190] The pulse information calculating unit 40 calcu-
lates pulse information from the extracted pulse waveform
information 28. Specifically, the pulse information calculat-
ing unit 40 calculates a pulse rate 45 by frequency analysis
on the pulse waveform information 28. Also, the pulse
information calculating unit 40 calculates pulse wave tem-
poral information 46 of the living body 10 based on the
extracted pulse waveform information 28 of a single region.
The pulse wave temporal information 46 is, for example,
rising time TR or falling time TF of a pulse wave or the like.

[0191] The frequency analysis may be a Fourier analysis
such as fast Fourier transform (FFT) or discrete Fourier
transform (DFT), or a wavelet analysis such as Haar trans-
form or Daubechies transform. By using frequency analysis,
the pulse information calculating unit 40 can obtain the
stable and average pulse rate 45 in a short time without
performing averaging operation or the like in a long time
domain. Also, the pulse information calculating unit 40 may
calculate temporal information of a pulse wave of the living
body 10 based further on the stable pulse rate 45.

[0192] The blood pressure information output unit 30
calculates the blood pressure information estimate value 36
based on the pulse rate 45 and the pulse wave temporal
information 46. The blood pressure information output unit
30 outputs the calculated blood pressure information esti-
mate value 36 as blood pressure information.

[0193] FIG. 21 shows one example of the configuration of
the blood pressure information output apparatus 100. The
blood pressure information output apparatus 100 comprises
the video input unit 20, the pulse information calculating
unit 40 and the blood pressure information output unit 30.
The blood pressure information output apparatus 100
according to the present example is different from the
implementation example in FIG. 20 in that it comprises the
video input unit 20 that acquires a video of the living body
10.

[0194] The video input unit 20 acquires the single region
video 26 of the living body 10. Here, acquisition of the
single region video 26 can be realized by well-known image



US 2016/0302735 Al

recognition techniques. For example, the video input unit 20
acquires a video of the living body 10 by the camera 25.
[0195] The pulse information calculating unit 40 calcu-
lates pulse information from the acquired single region
video 26. Specifically, the pulse information calculating unit
40 calculates the pulse rate 45 by frequency analysis on the
single region video 26. Also, the pulse information calcu-
lating unit 40 calculates the pulse wave temporal informa-
tion 46 of the living body 10 based on the extracted single
region video 26. The frequency analysis according to the
present example may be similar to frequency analysis in a
case where the pulse information calculating unit 40
receives an input of the pulse waveform information 28 in
the implementation example of FIG. 20.

[0196] FIG. 22 shows a state of extracting a video of the
living body 10. For example, the single region video 26 is a
video of the nose 11 of the living body 10. The video input
unit 20 identifies, by an image recognition technique, a
region including a video of the nose 11 from within a
captured video. Also, the video input unit 20 extracts a video
of the nose 11 from the identified region.

[0197] FIG. 23 shows one example of a pulse rate detec-
tion algorithm. By using the algorithm according to the
present example, a pulse rate HR can be detected from a
video of the living body 10. Stable extraction of a pulse
wave waveform is a fundamental technique necessary for
estimating blood pressure BP. For example, the blood pres-
sure information output apparatus 100 can detect a pulse
wave having a high S/N ratio by selecting, as a region of
interest ROI, a nose region where capillaries concentrate.
[0198] At Step S100, the blood pressure information out-
put apparatus 100 acquires a video of a measurement
subject. Thereafter, the blood pressure information output
apparatus 100 extracts an RGB signal from the acquired
measurement subject video. In one example, the measure-
ment subject video has 640x480 pixels.

[0199] At Step S101, the blood pressure information out-
put apparatus 100 transforms the extracted RGB signal into
a YCbCr signal. Here, Y is a luminance signal, and Cb and
Cr are color-difference signals.

[0200] At Step S102, the blood pressure information out-
put apparatus 100 detects a facial region and the region of
interest ROI from the luminance signal Y. The region of
interest ROI is identified based on the luminance signal Y.
Here, the region of interest ROI is not limited to the nose
region as long as it is a region where blood vessels concen-
trate to the degree that allows detection of changes in
color-difference signals including pulse waveform informa-
tion.

[0201] At Step S103, the blood pressure information out-
put apparatus 100 extracts the region of interest ROI iden-
tified at Step S102. Also, the blood pressure information
output apparatus 100 acquires a Cb+Cr signal in the
extracted region of interest ROIL

[0202] At Step S104, the blood pressure information out-
put apparatus 100 performs the Gaussian filtering on the
region of interest ROI based on the acquired Cb+Cr signal.
The Gaussian filtering is processing in which peripheral
parts of the region of interest ROI are subdued by increasing
the intensity of the center part of the region of interest ROL
[0203] For example, when the region of interest ROl is a
50x50-pixel region, peripheral parts of the region of interest
ROI have signals from regions other than the region of
interest ROI mixed therein due to motion of the living body
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10. The Gaussian filtering filters less reliable signals from
the periphery of the region of interest ROL

[0204] At Step S105, a Cb+Cr trace signal in which a
value of any clock time is plotted is created based on a signal
having been subjected to filtering. By using the Cb+Cr trace
signal, it is possible to reduce an operation amount, and
extract a pulse wave waveform stably. For example, the
Cb+Cr trace signal 1s a value obtained by totaling Cb+Cr of
each pixel over the entire region of interest ROIL Alterna-
tively, the Cb+Cr trace signal may be the average of Cb+Cr
signals of respective pixels. Thereby, a single value of the
Cb+Cr trace signals can be obtained for the region of interest
ROL

[0205] At Step S106, wavelength regions other than the
wavelength region of 0.75 Hz to 4 Hz are removed by a
band-pass filter BPF. Because the pulse rate HR of a general
living body 10 corresponds to a range of 0.75 Hz to 4 Hz
(pulse rate 45 to 240), noises other than the band of a pulse
can be removed.

[0206] At Step S107, frequency analysis on the Cb+Cr
trace signal is conducted. The Cb+Cr trace signal from
which noises have been removed at Step 106 includes a low
frequency signal that corresponds to an external environ-
ment or motion of the living body 10 and a high frequency
signal that corresponds to a pulse rate HR. The blood
pressure information output apparatus 100 removes an
unnecessary signal by frequency analysis, and detects a
pulse rate HR.

[0207] FIG. 24 shows detection results of a pulse rate HR.
Each graph indicates changes in a pulse rate HR (vertical
axis) relative to a clock time [second] (horizontal axis). The
solid lines indicate pulse rate detected values from camera
videos, and the plots indicate photoelectric pulse wave
monitor measured values (correct values). The graphs
shown in FIG. 24 have different pulse rates HR at the clock
time of 0 second. For example, in (a) and (b) of FIG. 24,
pulse rates HR at the clock time of 0 second are raised due
to exercising before the start of measurement. (c) to (f) of
FIG. 24 show pulse rates HR of the almost normal state at
the starting point of measurement.

[0208] In a period after the start of measurement, pulse
rates HR are measured until they settle at normal values after
stopping exercising. In the pulse detection method according
to the present embodiment, changes in pulse rates HR over
time are apprehend with small errors in comparison to
measurement results of a photoelectric pulse wave monitor.
In other words, pulse rates HR are detected accurately even
from camera videos.

[0209] FIG. 25 shows one example of an algorithm of
calculating the pulse wave temporal information 46. The
pulse information calculating unit 40 according to the pres-
ent example comprises a pulse wave component signal
extracting unit 41, a pulse rate calculating unit 42 and a
temporal information calculating unit 43. The pulse infor-
mation calculating unit 40 calculates a pulse rate HR, rising
time TR of a pulse wave and falling time TF of the pulse
wave based on an RGB signal of a video extracted from a
nose region of the living body 10.

[0210] At Step S200, the video input unit 20 extracts a
region of the nose 11 from a video of the living body 10. The
video input unit 20 extracts an RGB signal from the acquired
extracted video of the nose 11 region.

[0211] At Step S201, the pulse wave component signal
extracting unit 41 transforms the extracted RGB signal into
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a YCbCr signal consisting of a luminance component and a
color difference component to generate a Ch+Cr trace signal.
By generating the Cb+Cr trace signal, the amplitude of a
pulse wave component becomes large.

[0212] At Step S202, the pulse wave component signal
extracting unit 41 inputs the Cb+Cr signal to a band-pass
filter BPF to extract a pulse wave component signal. For
example, the band-pass filter BPF allows the band corre-
sponding to the frequency of a pulse wave (0.75 Hz to 4 Hz)
to pass.

[0213] At Step S203, the pulse rate calculating unit 42
conducts frequency analysis on the extracted pulse wave
component signal to calculate a pulse rate HR. For example,
the frequency analysis is a Fourier analysis such as FFT or
DFT, or a wavelet analysis such as Haar transform or
Daubechies transform. The pulse rate HR is derived by
obtaining the average frequency component of a predeter-
mined number of points by the frequency analysis, and
detecting a peak corresponding to the pulse rate HR (Step
S204).

[0214] At Step S205, the temporal information calculating
unit 43 spline-interpolates the pulse wave component signal
extracted from a camera video (30 Hz), and transforms the
pulse wave component signal into continuous data at 1 kHz.
In other words, spline interpolation raises the sampling rate
from 30 Hz to 1 kHz (interpolation). Spline interpolation
raises the accuracy of differential operation, and makes
errors small. Note that the interpolation method is not
limited to spline interpolation, but may be Lagrange inter-
polation or linear interpolation; however, spline interpola-
tion is preferable because it requires a small operation
amount, and provides good accuracy.

[0215] At Step S206, the temporal information calculating
unit 43 calculates the rising time TR of a pulse wave by
performing an operation of first-order differentiation on the
spline-interpolated pulse wave component signal. Specifi-
cally, the temporal information calculating unit 43 calculates
the rising time TR of the pulse wave by measuring a length
of time from zero-crossing with a positive slope to zero-
crossing with a negative slope (Step S207).

[0216] At Step S208, the temporal information calculating
unit 43 calculates the falling time TF based on the rising
time TR and the pulse rate HR calculated by the pulse rate
calculating unit 42. The temporal information calculating
unit 43 calculates the falling time TF of the pulse wave by
obtaining the cycle of the pulse wave from the reciprocal of
the pulse rate HR, and subtracting the rising time TR from
the cycle of the pulse wave. Note that the falling time TF of
the pulse wave is derived also by measuring a length of time
from zero-crossing of the first-order differentiation signals
of the pulse wave component signals with a negative slope
to zero-crossing with a positive slope. Also, the pulse rate
HR may be obtained as the reciprocal of the cycle calculated
in the time domain, without transformation of the pulse
wave component signals into the frequency region by fre-
quency analysis. In other words, the pulse rate HR is
obtained by measuring a length of time from zero-crossing
of the first-order differentiation signals with a positive slope
or a negative slope to zero-crossing with a positive slope or
a negative slope.

[0217] The method of calculating the pulse rate HR by
using frequency analysis according to the present example
can prevent erroneous calculation of the pulse rate HR even
when the slope of the pulse wave becomes zero multiple
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times within one cycle. Also, the rising time TR and falling
time TF are calculated accurately by combining frequency
analysis and first-order differentiation.

[0218] At Step S209, the blood pressure information out-
put unit 30 estimates blood pressure information based on
the pulse rate HR, the rising time TR and the falling time TF.
The blood pressure information output unit 30 outputs an
estimate value of the blood pressure information as blood
pressure information.

[0219] FIG. 26 shows a waveform of pulse wave compo-
nent signals obtained at the Cb+Cr trace signal generating
step (Step S201). Specifically, a waveform of pulse wave
component signals of a nose region acquired by the video
input unit 20 is shown. The horizontal axis shows the
number of frames, and the vertical axis shows the trace
intensity of a Cb+Cr signal. Each frame is updated 30 times
per second (30 fps).

[0220] FIG. 27 shows a waveform of pulse wave compo-
nent signals obtained at the pulse wave band extracting step
(Step S202). Because the Cb+Cr signal according to the
present example has passed the band-pass filter BPF, noises
are reduced as compared with the Ch+Cr signal in FIG. 26.
In other words, unnecessary bands other than the pulse wave
band are removed from the trace signal generated at Step
S201. The horizontal axis indicates the number of frames,
and the vertical axis indicates the trace intensity of a Cb+Cr
signal. Each frame is updated 30 times per second (30 fps).

[0221] FIG. 28 shows comparison between a waveform of
Cb+Cr trace intensity and a waveform obtained by first-
order differentiation thereof. The horizontal axis indicates
samples (sampling frequency: 1 kHz), and the vertical axis
indicates the intensity of a Cb+Cr trace signal.

[0222] (a) of FIG. 28 indicates an output waveform of the
Cb+Cr trace signal intensity, after spline interpolation, of the
nose region obtained at Step S205. (b) of FIG. 28 indicates
a waveform obtained by first-order differentiation of the
Cb+Cr trace signal obtained at Step S206. Samples at which
slopes become zero in (a) of FIG. 28 correspond to zero-
crossing of a waveform obtained by first-order differentia-
tion of the intensity of the Cb+Cr trace signal in (b) of FIG.
28.

[0223] FIG. 29 shows expanded views of an output wave-
form after spline interpolation, and a signal waveform
obtained by first-order differentiation thereof. The horizontal
axis indicates samples (sampling frequency: 1 kHz). (a) of
FIG. 29 indicates an output waveform of the Cb+Cr trace
intensity, after spline interpolation, of the nose region
obtained at Step S205. (b) of FIG. 29 indicates a waveform
obtained by first-order differentiation of the Cb+Cr trace
intensity obtained at Step S206. The Cb+Cr trace first-order
differentiation intensity shows zero-crossing at the bottom
and peak clock times of pulse wave component signals from
the nose 11 region.

[0224] The pulse wave rising time TR is a length of time
that is correlated with the systolic blood pressure SBP and
is from the bias bottom (Bias Bottom) to the top (1st Systolic
Peak) in one cycle. The pulse wave falling time TF is a
length of time that is correlated with the diastolic blood
pressure DBP and is from the top until the pulse wave goes
down again to the bias bottom. Note that the sum (TR+RF)
of the pulse wave rising time TR and falling time TF is
expressed as 60/PR by using the pulse rate HR.
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[0225] (Blood Pressure Estimation Method 1)

[0226] FIG. 30 shows a correlation between the blood
pressure BP and the temporal information TR, TF. (a) of
FIG. 30 shows a correlation between the systolic blood
pressure SBP and the rising time TR. The systolic blood
pressure SBP is highly correlated with the square of the
rising time TR. Also, (b) of FIG. 30 shows a correlation
between the diastolic blood pressure DBP and the falling
time TF. The diastolic blood pressure DBP is highly corre-
lated with the square of the falling time TF. A relational
expression between the systolic blood pressure SBP and the
rising time TR, and a relational expression between the
diastolic blood pressure DBP and the falling time TF are
explained below.

[0227] Assuming that the area of a nose region of the
living body 10 extracted as a video is S [m?], the depth of
a single blood vessel which is assumingly formed by cap-
illaries of the nose region is D(t) [m], the mass of blood per
unit volume is m [kg/m’], the constant of proportionality
about hemoglobin concentration is k, and the pulse wave
intensity is I(t), the pulse wave intensity I(t) can be
expressed by the following equation.

1(H)=kmSD(#)
[0228] When the force is F, and the motion amount is p

(provided that when the mass is M and the speed is v,
p=Mv), the following Newton’s equation of motion holds.

(1) [Equation 1]

2) [Equation 2]

[0229] The following equation can be obtained by assign-
ing Equation 1 to Equation 2.

[Equation 3]

F= %{mSD(n%D(r)}

[0230] Based on Equation 3, the pressure P of blood
vessels can be expressed by the following equation.

[Equation 4]
F

P=3 “
d

- dT[{mD(t) %D(t)}

[0231] The following equation can be obtained by assign-
ing Equation 1 to Equation 4.

[Equation 5]

- d{lzdlz}
T Rmst di ()th()

[0232] Here, because the systolic blood pressure SBP is an
average pressure at which blood compresses blood vessels
over time in which the blood vessel expands and the pulse
wave intensity rises from the bottom to the top, the systolic
blood pressure SBP is derived as follows.

Oct. 20, 2016

[Equation 6]

1 (7% ©
SBP = — f Pdr
Jo

_L 1 frw{z(z)dl(z)}dr
TTREEmS? )y ai\ dr
TR

L {l(z)dl(n]
T TR K2ms? di o

[0233] Here, assuming that [(TR)=L,,,, (the top value of
the pulse wave intensity: 1st Systolic Peak) and dI(TR)/dt is
approximated by using the average rate of change 1., /TR,
Equation 6 turns into:

[Equation 7]

2
sgp= L fpeatt. ; @

[0234] It can be known from Equation 7 that the systolic
blood pressure SBP is highly correlated with the square of
the rising time TR.

[0235] Furthermore, assuming that L, is proportional to
the pulse rate HR, and replacing all the constants of pro-
portionality related to Equation 7 with a single constant of
proportionality K1, the following equation is obtained.

[Equation 8]

HR? ®
SBP = K1 — + Const
TR

[0236] Transforming Equation 8 into a logarithmic
approximation format, the following equation is obtained.

[Equation 9]

TR ©
SBPx HR = alog;, R +b

[0237] Note that the dashed line in (a) of F1G. 30 is a graph
of Equation 9 after assigning predetermined values to a and
b, and it can be known it is a curve conforming to each
measurement plot.

[0238] The diastolic blood pressure DBP is an average
pressure at which blood compresses blood vessels over time
in which the blood vessel contracts and the pulse wave
intensity goes down from the top to the bottom. The rela-
tional expression of the diastolic blood pressure DBP is
derived in a similar manner to that for the systolic blood
pressure SBP.



US 2016/0302735 Al

[Equation 10]

1 TR+TF
DBP= —
TF Jrg
1 1 TR+TF i i
- LhoZinla
TszmsszR allogi0ld

1 TR+TF
= — =101
TF kzmSZ[ ([)d[ ([)]TR

10
Pdr a0

[0239] Here, approximating dI(TF)/dt by using the aver-
age rate of change -1,,,,,/TF, Equation 10 turns into:

[Equation 11]

1 I;eakl (1 1)

DBP =
kZms? TF?

+ Const

[0240] It can be known from Equation 11 that the diastolic
blood pressure is highly correlated with the square of the
falling time TF.

[0241] Furthermore, assuming that L ..., is proportional to
the pulse rate HR, and replacing all the constants of pro-
portionality related to Equation 11 with a single constant of
proportionality K2, the following equation is obtained.

[Equation 12]

HR? (12)
DBP=K2 + Const
TF2

[0242] Transforming Equation 12 into a logarithmic scale
format, the following equation is obtained.

[Equation 13]

HR? 5 (13
DEP = clogo(TF ) +d

[0243] Note that the dashed line in (b) of FIG. 30 is a
graph of Equation 13 after assigning predetermined values
to ¢ and d, and it can be known it is a curve conforming to
each measurement plot. Equation 9 and Equation 13 are
logarithmically approximated. But a method of approxima-
tion may be any method, and equations may be selected
according to a method of approximation.

[0244] FIG. 31 is a figure for explaining an algorithm of
calculating parameters (a, b, ¢, d) of Equation 9 and Equa-
tion 13. The blood pressure information output unit 30
records, in advance and in synchronization with each other,
a video of a nose region and true blood pressure BP (correct
blood pressure) measured by a sphygmomanometer. The
blood pressure information output unit 30 can obtain a
combination group of temporal information TR, TF of a
pulse wave, a pulse rate HR calculated from a video of the
nose 11 region, and blood pressures SBP, DBP. The blood
pressure information output unit 30 solves a plurality of
simultaneous equations based on the combination group of

12
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temporal information TR, TF of a pulse wave, a pulse rate
HR, and blood pressure BP to calculate parameters (a, b, c,
d).

[0245] In the present example, the temporal information
TR, TF and the pulse rate HR are calculated from the
recorded camera video and are combined with the correct
values of SBP, DBP to calculate parameters (a, b, c, d) for
each two pairs of data. Also, respective average values are
calculated from the calculated parameters (a, b, ¢, d).
[0246] The parameters (a, b, c, d) calculated in the present
example are as follows:

a=-156.75
5=934.03
c=-0.02467

4=0.15028

[0247] The blood pressure information output unit 30 can
calculate, from the acquired video, the temporal information
TR, TF and the pulse rate HR to estimate the blood pressure
BP. In other words, once the temporal information TR, TF
and the pulse rate HR are calculated, the blood pressure
information output unit 30 can estimate the blood pressures
SBP, DBP based on the pre-calculated parameters (a, b, c. d),
Equation 9 and Equation 13.

[0248] Note that the parameters (a, b, ¢, d) may be
determined by the least-squares method. Also, the blood
pressure information output unit 30 may solve a simultane-
ous equation, from among a plurality of simultaneous equa-
tions, for each number of the parameters (a, b, ¢, d), and
handle the center of gravity or central value of the respective
solved parameters (a, b, ¢, d) as the respective parameters (a,
b, ¢, d).

[0249] The parameters (a, b, c, d) have a dispersed but
unitary distribution. Also, the blood pressure information
output unit 30 may figure out the sex, age or the like from
a facial image to select the parameters (a, b, ¢, d) according
to the sex, age or the like. Thereby, the accuracy of esti-
mating blood pressure improves.

[0250] (Blood Pressure Estimation Method 2)

[0251] FIG. 32 shows one example of a method of esti-
mating the systolic blood pressure SBP. TR*/HR and HR are
used as feature amounts in an equation of estimating the
systolic blood pressure SBP according to the present
example. The vertical axis indicates the systolic blood
pressure SBP [mmHg] and the horizontal axis indicates:

TR? 1
—157 log, R +934ﬁ

[0252] The systolic blood pressure SBP has a correlation
with an estimation equation in which the pulse rate HR and
the rising time TR are used.

[0253] FIG. 33 shows one example of a method of esti-
mating the diastolic blood pressure DBP. HR? and TF? are
used as pulse wave feature amounts in an equation of
estimating the diastolic blood pressure DBP according to the
present example. The vertical axis indicates the diastolic
blood pressure DBP [mmHg], and the horizontal axis indi-
cates:
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HR?
~0.0247 logo(TF)? +0.15

[0254] The diastolic blood pressure DBP has a correlation
with an estimation equation in which the pulse rate HR and
the falling time TF are used.

[0255] (Blood Pressure Estimation Method 3)

[0256] FIG. 34 shows one example of a method of setting
a pulse wave feature amount in the time domain. (a) and (b)
of FIG. 34 indicate pulse wave and pulse wave speed,
respectively. Also, (c) and (d) of FIG. 34 are expanded views
of pulse wave and pulse wave speed around the portion
corresponding to the number of samples of 1000 to 2000. In
the present example, the pulse wave at the number of
samples 1000 to 2000 are handled as an n-th pulse wave in
a processing window.

[0257] Pulse wave feature amounts in the time domain are,
for example, PWn, TRn, TFn, T1x, T2n, T3n and T4z in the
figure. Pulse wave feature amounts in the time domain are
less likely to be influenced by an imaging environment of a
camera as compared with pulse wave feature amounts in the
amplitude domain. For this reason, when acquiring pulse
waveform information optically from the living body 10, the
pulse waveform information preferably includes pulse wave
feature amounts in the time domain.

[0258] PWn, TRn and TFn are feature amounts of an n-th
pulse wave in the processing window. PWn indicates the
pulse width of an n-th pulse wave. That is, PWn is a length
of time in an n-th pulse wave between a rising zero-cross
point of a pulse wave speed and a next rising zero-cross
point. Note that the pulse widths of the pulse wave and pulse
wave speed are equal to each other.

[0259] TRn indicates the rising time TR of an n-th pulse
wave. That is, TRn is a length of time in an n-th pulse wave
from a rising zero-cross point of a pulse wave speed to a next
falling zero-cross point. Also, TFn indicates the falling time
TF of an n-th pulse wave. That is, TFn is a length of time in
an n-th pulse wave from a falling zero-cross point of a pulse
wave speed to a next rising zero-cross point.

[0260] T1x is a length of time from a rising zero-cross
point of a pulse wave speed to a next top peak. Also, T2x is
a length of time from a top peak of a pulse wave speed to a
next falling zero-cross point. T3# is a length of time from a
falling zero-cross point of a pulse wave speed to a next
bottom peak. Also, T4#n is a length of time from a bottom
peak of a pulse wave speed to a next rising zero-cross point.
Note that the top peak and bottom peak of a pulse wave are
where the pulse wave speed becomes 0.

[0261] In the blood pressure estimation method 3, pulse
wave feature amounts PWn, TRn, TFn, T1#x, T2r, T31 and
T4r in the time domain are pulse wave feature amounts
calculated respectively independently. In the present speci-
fication, to calculate pulse wave feature amounts indepen-
dently means that two or more pulse wave feature amounts
are calculated so that they do not become dependent on each
other. That is, that pulse wave feature amounts are indepen-
dent of each other means one pulse wave feature amount is
not a function of another pulse wave feature amount. Note
that pulse wave feature amounts that are independent of each
other may be not only those that are completely independent
of each other, but also those whose correlation with each
other is low. For example, when T1xz and T4x are used as
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pulse wave feature amounts, they are more independent as
compared with a case where TRn and TFn are used as pulse
wave feature amounts. On the other hand, the pulse rate HR,
the rising time TR and the falling time TF have a relationship
of TF=60/HR-TR

[0262] Accordingly, when an estimation equation in which
the pulse rate HR, and the rising time TR, the falling time TF
or the like are dependent on each other are used in estimation
of the systolic blood pressure SBP and diastolic blood
pressure DBP, the systolic blood pressure SBP and the
diastolic blood pressure DBP show mutually linked behav-
iors.

[0263] When mutually independent pulse wave feature
amounts are used for estimation of the systolic blood pres-
sure SBP and diastolic blood pressure DBP, preferably, one
pulse wave feature amount is used for an equation of
estimating the systolic blood pressure SBP, and another
pulse wave feature amount is used for an equation of
estimating the diastolic blood pressure DBP. Thereby, each
of the systolic blood pressure SBP and the diastolic blood
pressure DBP is never forcibly changed in a mutually linked
manner, and can be estimated respectively independently.
[0264] Note that in addition to a viewpoint of indepen-
dence, pulse wave feature amounts may be chosen from
various viewpoints such as a viewpoint of estimation accu-
racy. In other words, pulse wave feature amounts may be
varied as needed according to purposes of uses.

[0265] FIG. 35 is a figure for explaining a method of
choosing a pulse wave feature amount of the systolic blood
pressure SBP. On the basis of extracted pulse wave feature
amounts (T1 to T4) in the time domain, variations of various
pulse wave feature amounts were tested. Among them, pulse
wave feature amounts that are highly correlated with the
systolic blood pressure SBP were chosen.

[0266] In the present example, the horizontal axes indicate
the systolic blood pressure SBP, and the vertical axes
indicate PW, TR, TF, T1, T2, T3, T4, TR/PW, TR*/PW,
TF/PW, TF*/PW, T1/PW, T13/PW, T2/PW, T2*/PW, T3/PW,
T3%PW, T4/PW and T4*/PW, respectively. Comparison
among the respective graphs shows that TR and T1?/PW are
most correlated with the systolic blood pressure SBP.
[0267] FIG. 36 is a figure for explaining a method of
choosing a pulse wave feature amount for the diastolic blood
pressure DBP. In a similar manner to that for the systolic
blood pressure SBP, on the basis of extracted pulse wave
feature amounts (T1 to T4) in the time domain, variations of
various pulse wave feature amounts were tested. Among
them, pulse wave feature amounts that are highly correlated
with the diastolic blood pressure DBP were chosen.

[0268] Inthe present example, the horizontal axes indicate
the diastolic blood pressure DBP, and the vertical axes
indicate PW, TR, TF, T1, T2, T3, T4, TR/PW, TR*/PW,
TF/PW, TF*/PW, T1/PW, T13/PW, T2/PW, T2%/PW, T3/PW,
T3/PW, T4/PW and T4°/PW, respectively. Comparison
among the respective graphs shows that T4 and TF*/PW are
most correlated with the diastolic blood pressure DBP.
[0269] FIG. 37 shows an equation of estimating the sys-
tolic blood pressure SBP using a pulse wave feature amount
in the time domain. Based on the results of comparison in
FIGS. 35, TR and T1?°/PW are used in the equation of
estimating the systolic blood pressure SBP. The equation of
estimating the systolic blood pressure SBP according to the
present example is derived by multiple linear combination of
selected pulse wave feature amounts.
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[0270] That is, the equation of estimating the systolic
blood pressure SBP is expressed as:

T1?
SBP=a+bXTR+cxX —
PW

[0271] Here, respective coeflicient values a, b, ¢ are cal-
culated by a multiple regression analysis. The coeflicient
values according to the present example are a=177.6, b=-0.
2405, and ¢=0.7729.

[0272] In FIG. 37, the vertical axis indicates the systolic
blood pressure SBP [mmHg], and the horizontal axis indi-
cates:

T1?
—-0.2 T3 —
178 ~0.240 TR+0.773

[0273] In the estimation equation according to the present
example, the accuracy of estimating the systolic blood
pressure SBP is improved as compared with the case of FIG.
32.

[0274] FIG. 38 shows an equation of estimating the dia-
stolic blood pressure DBP using a pulse wave feature
amount in the time domain. Based on the results of com-
parison in FIG. 36, T4 and TF?/PW are used in the equation
of estimating the diastolic blood pressure DBP. The equation
of estimating the diastolic blood pressure DBP according to
the present example is derived by multiple linear combina-
tion of selected pulse wave feature amounts. That is, the
equation of estimating the diastolic blood pressure DBP is
expressed as follows.

TF*
DBP=d+exT4+ fx—
PV

[0275] Here, respective coeflicient values d, e, f are cal-
culated by a multiple regression analysis. The coeflicient
values according to the present example are d=44.07, e=—0.
0796 and £=0.1867.

[0276] In FIG. 38, the vertical axis indicates the diastolic
blood pressure DBP [mmHg], and the horizontal axis indi-
cates:

2

TF
44-0.0976 T4 +0.187 —
PW

[0277] In the estimation equation according to the present
example, the estimation accuracy of the diastolic blood
pressure DBP is improved as compared with the case of FIG.
33.

[0278] FIG. 39 shows a result of comparison between the
blood pressure estimation method 2 and the blood pressure
estimation method 3. (a) of FIG. 39 shows an estimation
result obtained when the blood pressure estimation method
2 is used. (b) of FIG. 39 shows an estimation result obtained
when the blood pressure estimation method 3 is used. In the
present example, measurement about evaluation of the
improvement in the accuracy of estimating blood pressure
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was performed multiple times on multiple people. The
dashed lines indicate matches between inferred values and
measured values. That is, the closer a plotted point is to a
dashed line, the higher the accuracy of estimating blood
pressure. Comparison between (a) and (b) of FIG. 39 shows
that the systolic blood pressure SBP in a case where the
blood pressure estimation method 3 was used was plotted
conforming more to the dashed line as compared with that
in a case where the blood pressure estimation method 2 was
used. That is, the blood pressure estimation method 3
provides high accuracy of estimating the systolic blood
pressure SBP.

[0279] The blood pressure estimation method 3 removed
forcible and mutually linked changes in the systolic blood
pressure SBP and the diastolic blood pressure DBP. To put
it in another way, the pulse wave feature amount of the
systolic blood pressure SBP and the pulse wave feature
amount of the diastolic blood pressure DBP do not include
the same pulse rate and rising time. Also, because the pulse
rate HR which varies significantly is not used in estimation
of the systolic blood pressure SBP and diastolic blood
pressure DBP according to the present example, dependence
on the pulse rate HR can be removed.

[0280] In the following, a method of improving the accu-
racy of estimating blood pressure by taking the elasticity of
blood vessels into consideration is explained. For example,
the elasticity of blood vessels is correlated with the curva-
ture near the top peak a,, or the bottom peak a,,; of a pulse
wave waveform or a first- or higher-order differentiation
pulse wave waveform. Therefore, estimation of blood pres-
sure by taking the elasticity of blood vessels into consider-
ation becomes possible by estimating the blood pressure
based on a pulse wave feature amount equivalent to the
curvature.

[0281] FIG. 40 shows one example of a method of deriv-
ing the curvatures based on the top peak oz, and the bottom
peak opz. Pulse wave feature points may be points that are
between given two points among the top peaks P T and the
bottom peaks aPB and that correspond to points between
segments of the amplitude, the time or the trajectory of a
pulse wave. For example, when the amplitude between two
points of adjacent top peak o, and bottom peak o5 are
segmented, points at 10%, 30%, 50%, 70% and 90% from
the bottom peak a5 are handled as the pulse wave feature
POINtS Oy, Olgzor Orsos Orror Croos rESpectively.

[0282] Also, respective time Tz, T30, Trsos Tr70s Lroo
from the time of the bottom peak o5, to the pulse wave
feature points 0.5, Clrsg, Orsos Cryos Creo May be handled
as pulse wave feature amounts.

[0283] FIG. 41 shows one example of a method of deriv-
ing the curvature based on the top peak o.,,, and the bottom
peak .pz,. For example, the amplitude from the top peak
057 10 the bottom peak o.,,, are segmented, and points of
10%, 30%, 50%, 70%, 90% are handles as pulse wave
feature points -, 5, Ao Csgy Cro: Cmog- AlsO, respective
time Ty, Trsos Trsos Lrros L reo from the time of the bottom
peak a5, to the pulse wave feature points oz, 5, O30, Cpso,
Op70, Opoo May be handled as pulse wave feature amounts.
[0284] Although in the present example, a case where the
curvature of a pulse wave is derived is explained, the
curvature of a differential pulse wave may be derived in a
similar manner to the case of a pulse wave. For example, the
pulse wave feature amount is the top peak o ;4 and the
bottom peak o, 5, of a first-order differentiation pulse wave,
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the top peak o, and the bottom peak oz, of a second-
order differentiation pulse wave or the like.

[0285] FIG. 42 shows one example of a method of setting
a pulse wave feature amount. The pulse wave feature
amount according to the present example is calculated based
on at least one of the amplitude of the pulse wave feature
point, the time interval of the pulse wave feature point, the
frequency of the pulse wave, and the phase of the pulse
wave. For example, the rising amplitude H, and the rising
time T, from the bottom peak apz, of a pulse wave to the
immediately following top peak c.,,, may be handled as the
pulse wave feature amount. Also, the falling amplitude H,
and the falling time T, from the top peak o, of a pulse
wave to the immediately following bottom peak o.,;, may
be handled as the pulse wave feature amount.

[0286] FIG. 43 shows one example of a method of calcu-
lating a pulse wave feature amount by using a differential
pulse wave. For example, the pulse wave feature amount is
a rising amplitude H, , or rising time T,,, from a bottom
peak o, p5, of a first-order differentiation pulse wave to the
immediately following top peak o, »r,, a falling amplitude
H, 7 or falling time T, from a top peak .,y of a pulse
wave to the immediately following bottom peak o, pp,, @
rising amplitude H,, or rising time T,z from a bottom peak
O,pp, Of a second-order differentiation pulse wave to the
immediately following top peak oz, or a falling ampli-
tude H, - or falling time T, - from a top peak o, of a pulse
wave to the immediately following bottom peak o.,z,.
[0287] Note that a differential pulse wave obtained by
differentiating a pulse wave of the living body 10 is a cyclic
function similar to the pulse wave of the living body 10.
Also, the amplitude of a differential pulse wave repeats
upward and downward variation with O as a reference point.
Therefore, the pulse wave feature amount of the first-order
differentiation pulse wave may be the amplitude H, - of the
top peak o, pr of the first-order differentiation pulse wave or
the amplitude H, . of the bottom peak o, o of the first-order
differentiation pulse wave. Similarly, the pulse wave feature
amount of the second-order differentiation pulse wave may
be the amplitude H,,, of the top peak a.,,, of the second-
order differentiation pulse wave or the amplitude H, o of the
bottom peak o,z of the second-order differentiation pulse
wave.

[0288] Furthermore, the pulse wave feature amount may
be a power of the pulse wave feature amount of a pulse wave
of the living body 10, the pulse wave feature amount of a
first-order differentiation pulse wave, the pulse wave feature
amount of a second-order differentiation pulse wave, or the
pulse wave feature amount of nth-order differentiation pulse
wave. Also, the pulse wave feature amount may be the sum,
remainder, product or ratio of a combination of at least one
of the pulse wave feature amount of a pulse wave of the
living body 10, the pulse wave feature amount of a first-
order differentiation pulse wave, the pulse wave feature
amount of a second-order differentiation pulse wave, and the
pulse wave feature amount of an nth-order differentiation
pulse wave.

[0289] The pulse wave feature amount may be calculated
based on a pulse wave feature amount in a predetermined
length of time or during a predetermined number of beats.
More specifically, the pulse wave feature amount is the
average, total, variance, covariance, standard deviation or
median of pulse wave feature amounts in a predetermined
length of time or during a predetermined number of beats.
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Also, when a median over ten seconds is handled as a pulse
wave feature amount, a median may be computed again after
every one second. As a result, because the pulse wave
feature amount can be updated every one second, the blood
pressure information can be estimated continuously.

[0290] Note that the pulse wave feature amount represent-
ing the curvature near the top peak o, of a pulse wave is
preferably represented by (HR+HF)YH,pz, TrTroo,
TF_’I‘F7O> TF_TFSO> TF_TF3O> TF_TFIO’ TR+TF_TR9O_TF9O>
TrtTpTr70=Trr0s TatTp=Trso=Trsos Tt Tr—Trao=Trao;
Tp+T7-T g1 0-TF7 o Also, the pulse wave feature amount
representing the curvature near the bottom peak o,y of a
pulse wave is preferably represented by (HR+HF)/H,,,
Tri0s Traos Trsos Trro: Troos TriotTri00 TraotTrsos Trsot
Trsor Taro+T 70, Troo+Troo-

[0291] When the pulse wave feature amount representing
the curvature near a peak of a pulse wave is used, the pulse
wave feature amount may be a power of the pulse wave
feature amount representing the curvature near the peak of
the pulse wave. Also, the sum, remainder, product or ratio
obtained by combining a plurality of pulse wave feature
amounts from among pulse wave feature amounts represent-
ing the curvature near a peak of a pulse wave may be
handled as a pulse wave feature amount. In particular, the
ratio between a pulse wave feature amount representing the
curvature near the top peak a,, of a pulse wave and a pulse
wave feature amount representing the curvature near the
bottom peak ap - of the pulse wave is preferable because they
are highly correlated with the systolic blood pressure SBP
and diastolic blood pressure DBP.

[0292] FIG. 44 shows one example of a correlation
between a dimensionless pulse wave feature amount and
systolic blood pressure SBP. The amplitude ratio is used as
adimensionless pulse wave feature amount in an equation of
estimating the systolic blood pressure SBP according to the
present example. The horizontal axis indicates a dimension-
less pulse wave feature amount (T z+71 =T 0= T moo ) (Hy+
H,YH,,)"?, and the vertical axis indicates the systolic
blood pressure SBP [mmHg]. Here, assuming that the pulse
wave feature amount is X, the systolic blood pressure
SBP=aX+b. The coefficients a and b are any values.
[0293] The pulse wave feature amount according to the
present example is a dimensionless pulse wave feature
amount standardized by computing the ratio among pulse
wave feature amounts. Therefore, the dimensionless pulse
wave feature amount can reduce influence of the degree of
pulse rates.

[0294] FIG. 45 shows one example of a correlation
between a dimensionless pulse wave feature amount and
diastolic blood pressure DBP. The amplitude ratio is used as
a dimensionless pulse wave feature amount in an equation of
estimating the diastolic blood pressure DBP according to the
present example. The horizontal axis indicates a dimension-
less pulse wave feature amount (T =T zo0 )/ (Tg10+T £10), and
the vertical axis indicates diastolic blood pressure DBP
[mmHg]. Here, assuming that the pulse wave feature amount
is X, the diastolic blood pressure DBP=cY+d. The coeffi-
cients ¢ and d are any values.

[0295] The pulse wave feature amount according to the
present example is a dimensionless pulse wave feature
amount standardized by computing the ratio among pulse
wave feature amounts. Therefore, estimation of blood pres-
sure that is less influenced by the degree of pulse rates
becomes possible by using dimensionless pulse wave feature
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amounts for equations of estimating the systolic blood
pressure SBP and diastolic blood pressure DBP.

[0296] FIG. 46 shows a result of estimating systolic blood
pressure SBP and diastolic blood pressure DBP of the living
body 10. The horizontal axes indicates the numbers of times
of measurement (times), and the vertical axes indicate the
blood pressure BP [mmHg]. The solid lines indicate systolic
blood pressure estimate values and diastolic blood pressure
estimate values [mmHg]| obtained from a camera video
according to the present example, and the dashed lines
indicate systolic blood pressure measured values and dia-
stolic blood pressure measured values [mmHg| obtained
from a sphygmomanometer. Here, correct values are the
blood pressure BP measured by the sphygmomanometer.
[0297] (a) to (c) of FIG. 46 indicate cases where FFT,
which is one of the discrete-time analyses, is used as
frequency analysis by the pulse rate calculating unit 42. (a),
(b) and (c) of FIG. 46 indicate cases where the numbers of
points of pulse wave component signals input in the fre-
quency analysis are 512 points (=17.07 sec), 128 points
(=4.27 sec) and 64 points (=2.14 sec), respectively. All of (a)
to (¢) of FIG. 46 show as good accuracy of estimating blood
pressure as that obtained by using a cuff. In particular, as in
(b) and (c) of FIG. 46, if the number of points is merely
approximately 128, blood pressure information is output at
a little less than five seconds after input of a video of a
measurement subject, and thereafter. blood pressure infor-
mation is continuously output by shifting the number of
points while causing it to overlap preceding points. Thereby,
blood pressure information is output in real time.

[0298] Because the blood pressure information output
apparatus 100 is configured to optically extract the pulse
waveform information to output the blood pressure infor-
mation, the burden on the living body 10 is small. Also,
because the blood pressure information output apparatus 100
does not require pressurization and depressurization by
means of a cuff, blood pressure information can be acquired
continuously. In particular, when extracting pulse waveform
information of the living body 10 from a video, the blood
pressure information output apparatus 100 can estimate
blood pressure information without contacting and binding
the living body 10.

[0299] Note that in the present example, the blood pres-
sure information output apparatus 100 that outputs blood
pressure information based on a video having RGB com-
ponents is shown. However, a video to be input is not limited
to a video having RGB components, but may be a grayscale
video. For example, the blood pressure information output
apparatus 100 extracts a shading component corresponding
to a G component from a grayscale video from a near
infrared camera. Thereby, blood pressure information can be
output in a similar manner to that of the blood pressure
information output apparatus 100 according to the present
example. Furthermore, the blood pressure information out-
put apparatus 100 may acquire pulse waveform information
from a video from an array sensor with 2x2 pixels or 1x2
pixels.

[0300] (Estimation of Arteriosclerosis)

[0301] The blood pressure information output apparatus
100 can estimate arteriosclerosis based on a calculated blood
pressure BP. Arteriosclerosis obliterans is characterized by
thickened, hardened and narrowed vascular walls. Arterio-
sclerosis obliterans is an advanced state of arteriosclerosis
affecting peripheral artery, and when blood vessels are
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highly exploited, it becomes difficult for pulse waves to be
propagated, and the rising time TR and falling time TF of the
pulse waves become short. That is, the rising time TR and
falling time TF become shorter in blood vessels whose
vascular wall has thickened, hardened and narrowed more,
along with progression of arteriosclerosis. Therefore, esti-
mation not only of the blood pressure BP, but also of
arteriosclerosis can be performed simply based on the rising
time TR and falling time TF.

[0302]

[0303] Also, the blood pressure information output appa-
ratus 100 figures out a corresponding age from statistical
data on the stiffness of blood vessels, and displays an
estimation result on arteriosclerosis as an estimated vascular
age. Thereby, display of the blood pressure information
output apparatus 100 becomes easier for a user to under-
stand.

[0304]

[0305] The blood pressure information output apparatus
100 can estimate a predisposition to stroke based on a
calculated blood pressure BP. Stroke occurs due to variation
in blood pressure. This occurs because of a perforator where
a blood vessel that is directly connected to a thick blood
vessel and is susceptible to the pressure of blood flow is
clogged or torn due to variation in blood pressure. In other
words, judgement about whether a person has a predispo-
sition to stroke can be made by examining blood pressure at
a steady-state, and variation in blood pressure after exercise
with a very low load. For example, judgement about whether
aperson has a predisposition to stroke can be made based on
whether the difference between a blood pressure value
measured when having sat down and a blood pressure value
measured after standing up once and then sitting down again
is about 15 mmHg or larger. Therefore, the blood pressure
information output apparatus 100 can measure, continuously
and in real time, variation in blood pressure that is observed
between at the time of a steady-state and at the time after low
load exercise by non-contact and continuous blood pressure
measurement so that judgement about a predisposition to
stroke can be performed very simply.

[0306] FIG. 47 shows one example of the configuration of
the pulse wave measuring apparatus 102. The pulse wave
measuring apparatus 102 measures a pulse wave of a living
body based on a region 14 of the living body. The pulse wave
measuring apparatus 102 comprises a pulse waveform infor-
mation acquiring unit 60 and a pulse wave feature amount
calculating unit 70.

[0307] The pulse waveform information acquiring unit 60
acquires pulse waveform information 61 from the region 14
of the living body. For example, the region 14 of the living
body is any of a forearm portion, a wrist, an ankle, the face,
an ear and the nose of the living body. Among them, the nose
can realize a high S/N ratio because capillaries are concen-
trated there. The pulse waveform information 61 is prefer-
ably a pulse wave trace signal.

[0308] The pulse wave feature amount calculating unit 70
calculates a pulse wave feature amount 71 based on the pulse
waveform information 61. The pulse wave feature amount
71 is a characteristic portion of the shape of a pulse wave
which has been turned into a numerical value. Also, the
pulse wave feature amount 71 may include information
about the intensity and time of a pulse wave. For example,
the pulse wave feature amount 71 is calculated based on at

(Estimation of Vascular Age)

(Estimation of Predisposition to Stroke)
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least one of a pulse wave, a speed pulse wave and an
acceleration pulse wave acquired based on the pulse wave
trace signal.

[0309] FIG. 48 shows one example of the configuration of
the pulse wave measuring apparatus 102. The pulse wave-
form information 61 according to the present example is
based on video information 62 acquired from the region 14
of the living body.

[0310] The pulse waveform information acquiring unit 60
acquires the video information 62 from the region 14 of the
living body. The video information 62 is an image or a
moving image that the pulse waveform information acquir-
ing unit 60 optically captured from the region 14 of the
living body. Because the pulse wave measuring apparatus
102 acquires the pulse waveform information 61 based on
the video information 62, the burden on the living body is
small.

[0311] FIG. 49 shows one example of the configuration of
the pulse wave measuring apparatus 102. The pulse wave-
form information acquiring unit 60 according to the present
example is different from the pulse waveform information
acquiring unit 60 in FIG. 47 in that it comprises a camera 63.
[0312] The camera 63 acquires the video information 62
from the region 14 of the living body. For example, the
camera 63 has a CCD sensor or a CMOS sensor. Also, the
camera 63 may be a camera for an information terminal. The
camera for an information terminal is used by being built in
or attached externally to a desktop PC, a laptop PC, a tablet
PC, a mobile phone, a smartphone, a wristwatch-type tet-
minal, a television or a game console. Note that the camera
63 may comprise a video information storage medium that
retains the video information 62, and output the video
information 62 acquired in the past.

[0313] FIG. 50 shows one example of the configuration of
the pulse wave measuring apparatus 102. The pulse wave-
form information acquiring unit 60 acquires video signals
from the video information 62. The pulse waveform infor-
mation acquiring unit 60 according to the present example
comprises a RGB/YCbCr transform unit 64, a pulse wave
trace signal detection unit 65, a BPF 66 and a sampling rate
varying unit 67.

[0314] The RGB/YCbCr transform unit 64 transforms the
video information 62 acquired from the region 14 of the
living body into video signals. For example, the video
signals are RGB signals, CMYK signals or YCbCr signals.
Y corresponds to a luminance signal, and Cb and Cr corre-
spond to color-difference signals. The RGB/YCbhCr trans-
form unit 64 may transform the video signals into any
format. For example, the RGB/YCbCr transform unit 64 can
transform RGB signals into YCbCr signals, and can perform
inverse transform thereof.

[0315] Also, the RGB/YCbCr transform unit 64 may
detect a facial region and a region of interest ROI based on,
among the video signals, any one signal or a combination of
aplurality of signals. For example, the region of interest ROI
can be detected based only on a Y signal among YCbCr
signals.

[0316] Furthermore, the RGB/YCbCr transform unit 64
can acquire a video pulse wave signal from the video
signals. The video pulse wave signal is any one signal or a
signal obtained by combining a plurality of signals from
among the video signals. The video pulse wave signal is
preferably a Cb+Cr signal which provides high signal sta-
bility. The Cb+Cr signal is a signal based on the sum of Ch
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and Cr from among the YCbCr signals. Note that the
RGB/YCbCr transform unit 64 may Gaussian-filter the
video pulse wave signal based on a video region.

[0317] The pulse wave trace signal detection unit 65
detects a pulse wave trace signal obtained by plotting a value
of any clock time based on the video pulse wave signal. The
operation amount can be reduced by detecting the pulse
wave trace signal so that a pulse wave waveform can be
extracted stably. For example, the pulse wave trace signal is
a signal obtained by totaling video pulse wave signals of
respective pixels over the entire video region. Also, the pulse
wave trace signal may be the average of video pulse wave
signals of respective pixels. In this case, the pulse wave trace
signal becomes one value for each video region.

[0318] The BPF 66 filters the pulse wave trace signal. The
BPF 66 removes regions other than a predetermined wave-
length region. Thereby, the BPF 66 can remove noises in
regions other than the wavelength region to be used in the
pulse waveform information 61.

[0319] The sampling rate varying unit 67 varies the sam-
pling rate of signals filtered by the BPF 66. For example, the
sampling rate varying unit 67 interpolates pulse wave trace
signals at 30 Hz acquired from the video information 62 to
turn them into pulse wave trace signals at 1 kHz. The
interpolation method may be spline interpolation, Lagrange
interpolation, linear interpolation or the like. Among them,
sglline interpolation that provides high accuracy is prefer-
able.

[0320] FIG. 51 shows one example of the configuration of
the pulse wave measuring apparatus 102. The pulse wave-
form information acquiring unit 60 according to the present
example comprises the pulse wave trace signal detection
unit 65, the BPF 66, the sampling rate varying unit 67 and
a light-emitting unit and a light receiving unit 68.

[0321] The light-emitting unit and the light receiving unit
68 comprises a light-emitting unit that irradiates the region
14 of the living body with light, and a light receiving unit
that receives reflected light or transmitted light from the
region 14 of the living body. For example, the light-emitting
unit has a light-emitting diode (LED). The light-emitting
unit is preferably a green LED because hemoglobin con-
tained in blood of the region 14 of the living body has a
characteristic of absorbing light in the green wavelength
region. Also, the light receiving unit may have a photodiode
(PD) or a phototransistor. The light receiving unit detects
changes in the amount of light emitted by the light-emitting
unit that results from changes in the blood flow of the living
body.

[0322] Based on the amount of light detected by the light
receiving unit, the pulse wave trace signal detection unit 65
can create a pulse wave trace signal in which values at
predetermined clock times are plotted. The pulse waveform
information acquiring unit 60 according to the present
example can vary the filtering and/or sampling rate.

[0323] FIG. 52 shows one example of the configuration of
the pulse wave measuring apparatus 102. The pulse wave-
form information acquiring unit 60 according to the present
example is different from the configuration in FIG. 51 in that
it further comprises a window segmenting unit 69.

[0324] The window segmenting unit 69 segments out a
trace signal in a predetermined window size. The trace
signal segmented out is called a window signal in the present
specification. Also, the window size refers to a temporal
width of the window signal. The window segmenting unit 69
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segments out the window signal at predetermined intervals.
The window segmenting unit 69 outputs the window signal
segmented out to the BPF 66.

[0325] FIG. 53 shows one example of a method of seg-
menting out a window signal. The window segmenting unit
69 segments out, from the Cb+Cr trace signal, a plurality of
window signals at predetermined time intervals so that they
overlap. A first window signal is an immediately preceding
window signal. Window signals adjacent to the first window
signal are handled as second to fourth window signals,
respectively. In the present specification, shifts between
adjacent window signals are called overlap shift time.
[0326] The overlap shift time is equal to the cycle at which
the pulse waveform information acquiring unit 60 calculates
apulse rate. That is, the pulse waveform information acquir-
ing unit 60 calculates the pulse rate every shift amount of the
overlap time. The overlap shift time according to the present
example is equal to each other.

[0327] FIG. 54 shows one example of the configuration of
the pulse wave measuring apparatus 102. The pulse wave
feature amount calculating unit 70 according to the present
example further comprises a pulse information calculating
unit 72.

[0328] The pulse information calculating unit 72 calcu-
lates, based on the pulse waveform information 61, a pulse
rate 73 of the living body and pulse wave temporal infor-
mation 74 of the living body. The pulse information calcu-
lating unit 72 may calculate the pulse rate 73 and the
temporal information 74 by using the algorithm of calcu-
lating the pulse wave temporal information 46 shown in
FIG. 25.

[0329] The pulse rate 73 can be calculated based on time
intervals of feature points in a pulse wave, or can be
calculated by frequency analysis that provides high stability.
For example, the frequency analysis is Fourier analysis or a
wavelet analysis. Fourier analysis may be any of fast Fourier
transform (FFT) and discrete Fourier transform (DFT). Also,
the wavelet analysis may be any of Haar transform and
Daubechies transform.

[0330] The temporal information 74 is information includ-
ing at least one of the rising time of a pulse wave and the
falling time of the pulse wave. The temporal information 74
may be calculated based on the pulse waveform information
61 and the pulse rate 73. Also, the temporal information 74
may include a feature amount in the time domain explained
with reference to FIG. 40 to FIG. 43.

[0331] For example, when the temporal information 74
includes first time and second time that is different from the
first time, the pulse information calculating unit 72 calcu-
lates independently each of the first time and the second
time. In this case, the systolic blood pressure SBP may be
estimated based on the pulse rate 73 output by the pulse
information calculating unit 72 and the first time. Also, the
diastolic blood pressure DBP may be estimated based on the
pulse rate 73 output by the pulse information calculating unit
72 and the second time. In this manner, by independently
obtaining feature amounts in the time domain to be used for
estimating the systolic blood pressure SBP and the diastolic
blood pressure DBP, an issue about forcible and mutually
linked changes in the systolic blood pressure SBP and the
diastolic blood pressure DBP can be solved.

[0332] Also, when the temporal information 74 includes
rising time TR and falling time TF, the pulse information
calculating unit 72 calculates independently each of the
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rising time TR and the falling time TF. In this case, the
systolic blood pressure SBP may be estimated based on the
pulse rate 73 output by the pulse information calculating unit
72 and the rising time TR. The diastolic blood pressure DBP
may be estimated based on the pulse rate 73 output by the
pulse information calculating unit 72 and the falling time TF.
[0333] Furthermore, the temporal information 74 may
include a length of time between the rising zero-cross point
and the top peak and a length of time between the bottom
peak and the rising zero-cross point, in a first-order differ-
entiation signal corresponding to one pulse in a pulse wave.
Also, the pulse information calculating unit 72 calculates
independently each of a length of time between the rising
zero-cross point and the top peak and a length of time
between the bottom peak and the rising zero-cross point, in
a first-order differentiation signal corresponding to one pulse
in a pulse wave. In this case, the systolic blood pressure SBP
may be estimated based on the pulse rate 73 output by the
pulse information calculating unit 72 and a length of time
between the rising zero-cross point and the top peak in the
first-order differentiation signal corresponding to the one
pulse in the pulse wave. The diastolic blood pressure DBP
may be estimated based on the pulse rate 73 output by the
pulse information calculating unit 72 and a length of time
between the bottom peak and the rising zero-cross point.
[0334] FIG. 55 shows one example of a method of calcu-
lating the pulse wave feature amount 71. (A) to (C) of FIG.
55 show a pulse wave, a speed pulse wave, and an accel-
eration pulse wave, respectively. The speed pulse wave and
the acceleration pulse wave are obtained by first-order
differentiation and second-order differentiation of the pulse
wave, respectively.

[0335] The pulse wave feature amount 71 may be any
single one of a pulse rate, the time interval of feature points
of a pulse wave or the amplitude of feature points in a pulse
wave, or may be a combination of a plurality of these. The
number of the pulse wave feature amounts 71 calculated by
the pulse wave feature amount calculating unit 70 is not
limited. For example, the pulse wave feature amount calcu-
lating unit 70 acquires three feature points (a, b, ¢) of a pulse
wave. The time intervals between a and b, and b and ¢ are
defined as Tab and Tbe, respectively, and the amplitudes of
the point a, b, ¢ are defined as Pa, Pb and Pc, respectively.
In this case, the pulse wave feature amount 71 may be any
one of Tab, Thc, Pa, Pb and Pc, or a power of any of them.
Also, the pulse wave feature amount 71 may be the sum,
remainder, product or quotient of a combination of any two
or more of Tab, Thc, Pa, Pb and Pc. The pulse wave feature
amount 71 is preferably any one of a pulse rate and the time
interval of feature point of a pulse wave, or a combination
of a plurality of them. A reason for this is because fluctuation
in a pulse rate and the time interval of feature points of a
pulse wave that may be caused by a measurement environ-
ment is small, and thus they provide high accuracy.

[0336] For example, a feature point of a pulse wave is at
least one of the maximum or the minimum of each of a pulse
wave, a speed pulse wave and an acceleration pulse wave, or
the maximum point or the minimum point of each of a pulse
wave, a speed pulse wave and an acceleration pulse wave in
a predetermined section. Also, a feature point of a pulse
wave may be a point where the amplitude of each of a pulse
wave, a speed pulse wave and an acceleration pulse wave
meets a predetermined condition. A feature point of a pulse
wave may be a point of each of a pulse wave, a speed pulse
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wave and an acceleration pulse wave after elapse of a
predetermined length of time from another feature point.
[0337] Note that the pulse wave feature amount 71 can be
updated. Update may be done every predetermined number
of beats or every predetermined length of time. When update
is done every predetermined length of time, update is done
preferably within 30 seconds, more preferably within 10
seconds, further preferably within five seconds, and most
preferably within one second. On the other hand, when
update is done every predetermined number of beats, update
is done within 30 beats, more preferably within 10 beats,
further preferably within five beats, and most preferably
every beat. By making short the length of time at which
update is done, rapid changes in a pulse wave can be
reflected in an output. Also, by making short the length of
time at which update is done, detailed variation in a pulse
wave can be measured. Variation in the pulse wave feature
amount due to update may be handled as the pulse wave
feature amount 71. Also, the number of times when the pulse
wave feature amount meets a predetermined condition may
be handled as the pulse wave feature amount 71. The
predetermined number of times may be the number of times
in a predetermined length of time or a predetermined num-
ber of beats.

[0338] FIG. 56 shows one example of the configuration of
the pulse wave feature amount calculating unit 70. The pulse
wave feature amount calculating unit 70 comprises a win-
dow function multiplication unit 75, an integration output
unit 76 and a discrete frequency transform unit 77. In the
case explained below, the pulse wave feature amount cal-
culating unit 70 according to the present example receives,
as the pulse waveform information 61, an input of a pro-
cessing window pulse wave segmented out in a predeter-
mined window size.

[0339] The window function multiplication unit 75 mul-
tiplies the input processing window pulse wave with a
predetermined window function. The window function may
be any function that is generally used in signal processing,
such as the Hanning window, the Kaiser-Bessel derived
window, the Gaussian window, the Hamming window, the
Tukey window or the Blackman window. The window
function multiplication unit 75 outputs, as a window-pro-
cessing pulse wave to the integration output unit 76, the
processing window pulse wave which has been processed by
being multiplied with the window function.

[0340] The integration output unit 76 generates an inte-
gration window signal formed by integrating the input
window-processing pulse wave with sample data. The
sample data may be integrated before, after or before and
after the window signal multiplied with the window func-
tion.

[0341] For example, when the integration output unit 76
performs zero-extension on the window-processing pulse
wave, the sample data is zero. By performing zero-extension
on the window-processing pulse wave, the resolution of the
window-processing pulse wave increases. The integration
output unit 76 outputs the generated integration window
signal to the discrete frequency transform unit 77.

[0342] The discrete frequency transform unit 77 performs
discrete frequency transform on the integration window
signal output by the integration output unit 76 to calculate a
pulse wave feature amount. The discrete frequency trans-
form unit 77 calculates a fast Fourier transform (FFT: Fast
Fourier Transform) spectrum that is obtained by executing
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FFT on the integration window signal. For example, the
discrete frequency transform unit 77 calculates a high-
resolution pulse rate based on the FFT spectrum obtained
from a high-resolution integration window signal.

[0343] FIG. 57 shows one example of an algorithm of
signal processing by the pulse wave feature amount calcu-
lating unit 70. The processing window pulse wave input to
the pulse wave feature amount calculating unit 70 according
to the present example is a highly reliable pulse wave from
which unnecessary components are removed by the pulse
waveform information acquiring unit 60. The pulse wave
feature amount calculating unit 70 uses the processing
window pulse wave segmented out to perform the process-
ing of Steps S201 to 203 in order to calculate an accurate
pulse rate.

[0344] At Step S201, the window function multiplication
unit 75 executes, on the processing window pulse wave,
window processing by using the Hanning window function
or the Kaiser-Bessel derived window function. Thereby,
temporal weighting becomes possible. Also, a window func-
tion may be selected so as to make the pulse intensities at
both ends of the processing window pulse wave become
equal.

[0345] At Step S202, the integration output unit 76 gen-
erates an integration window signal by integrating sample
data at the end of the window-processing pulse wave. For
example, the sample data is data which is the same as the
pulse intensities at both ends of the processing window pulse
wave having been multiplied with the window function. In
this case, the sample data according to the present example
is zero. Also, the size of the integration window signal is
zero-extended so that it has a size of a power of two. By
performing zero-extension, the resolution can be increased
as compared with that before integration of the sample data.

[0346] At Step S203, the discrete frequency transform unit
77 executes FFT on the integration window signal, and
calculates a FFT spectrum. The frequency resolution Af of
FFT is determined by Af=fs/N based on the sample count N
and the sampling rate fs. Accordingly, the larger the sample
count N, the more improved the resolution Af is.

[0347] For example, when the frequency analysis by FFT
is directly performed without zero-extension on a window
signal with 128 points, the frequency resolution is 0.23 Hz.
Because this corresponds to a pulse rate of 14 bpm, variation
in pulse rates smaller than that cannot be detected. On the
other hand, when 896 zero-signals are added to a window
signal with the same 128 points, and the number of samples
is increased to 1024, the frequency resolution becomes
0.029 Hz. This corresponds to a pulse rate of 1.7 bpm. The
number of samples after zero-extension is not limited, but is
preferably a power of two, and is more preferably 256, 512,
1024, 2048 or 4096.

[0348] As explained above, the pulse wave feature amount
calculating unit 70 calculates an integration window signal
from a processing window pulse wave at a sampling rate as
low as 30 Hz. For this reason, when optically acquiring a
pulse wave signal, pulse rate variation with a high resolution
can be measured without up-sampling of the sampling
frequency.

[0349] FIG. 58 shows the Hanning window function. The
Hanning window function is one example of a window
function for FFT. The Hanning window function is a win-
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dow function that make both ends of a frame zero. Also, the
Hanning window function w(n) is expressed by the follow-
ing Equation 14.

win) = 0.5(1 - COS(ZX%)), O<n<N [Equation 14]

[0350] Here, n indicates a sampling element, and N indi-
cates the number of samples.

[0351] The Hanning window function is a function that
places weight at the window central time (around a portion
corresponding to the number of frames of 64). For this
reason, a pulse rate is to be measured with a pulse wave
around the window central time as the center. For example,
at the frame rate at 30 Hz, when pulse rate measurement is
performed by FFT with the window size of 128 samples,
pulse rate measurement is performed with the pulse wave
about four seconds before as the center in the Hanning
window. That is, there may be response time due to a
temporal difference between the time of pulse rate measure-
ment and the central time.

[0352] FIG. 59 shows one example of the Kaiser-Bessel
derived (KBD) window function. The KBD window func-
tion is a window function that makes both ends of a frame
zero in a similar manner to that of the Hanning window
function.

[0353] The KBD window function d, is expressed by the
following Equation 15 in terms of a Kaiser window w,.

k .
Dm0 Wi

n

=0 Wji

Equation 15

if0<k<n
di = -1k
et W
Zf’f L ifn<k<2n
Zlico Wj
0 if k=<0,2n<k
[0354] Equation 15 defines a window of length 27. Here,

d, satisfies the following Princen-Bradley condition for the
modified discrete cosine transform (MDCT). That is, d, is
expressed as d,>+d,, =1 when w, ,=w,. Also, the KBD
window satisfies symmetricity d,=d,, , , which is another
MDCT condition.

[0355] The KBD window function places more weight
around portions corresponding to the number of frames of
40 to 90. On the other hand, the Hanning window function
concentrates weight around a portion corresponding to the
number of frames of 64. Therefore, the KBD window
function places more weight on a pulse wave close to a
newer extracted sample as compared with the Hanning
window function. For this reason, because the KBD window
is likely to reflect a value of a pulse wave closer to a newer
extracted sample, the response of breathing state estimation
can be improved.

[0356] FIG. 60 shows one example of fixed resampling
using illumination. The pulse waveform information acquir-
ing unit 60 can enhance the accuracy of detecting a pulse
wave by performing fixed resampling on an acquired video.
In FIG. 60, the marks O correspond to a fixed sampling rate,
and the marks x correspond to video sampling rate.
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[0357] The fixed sampling rate refers to an ideal frequency
for the pulse waveform information acquiring unit 60 to
acquire videos. For example, the pulse waveform informa-
tion acquiring unit 60 acquires a video at the fixed sampling
rate of 30 Hz.

[0358] The video sampling rate refers to an actual sam-
pling rate at which the pulse waveform information acquir-
ing unit 60 acquires a video. For example, when the pulse
waveform information acquiring unit 60 is equipped on a
mobile terminal such as a smartphone, fluctuation occurs in
the video sampling rate. For this reason, discrepancies are
generated between the video sampling rate and the fixed
sampling rate. Also, when fluctuation is generated in the
video sampling rate, accurate time at which pulse rates were
acquired cannot be known.

[0359] On the other hand, light generated by illumination
driven by an AC power supply operates accurately at a
constant luminance frequency, although such a luminance
frequency is not sensed by human eyes. Also, a video
acquired by the pulse waveform information acquiring unit
60 includes information necessary for calculating the phase
of illumination. The phase of illumination can be calculated
from the intensity of reflected light of illumination within a
predetermined region. The predetermined region may be a
partial region of an object included in a video. The prede-
termined region preferably does not move. Also, the pulse
waveform information acquiring unit 60 may capture not
reflected light of illumination, but light of illumination
directly. For example, the pulse waveform information
acquiring unit 60 calculates in advance the maximum inten-
sity and minimum intensity of reflected light in a predeter-
mined region. Thereby, the pulse waveform information
acquiring unit 60 can measure the intensity of reflected light
within a predetermined region, and calculate the phase of the
illumination from the video. That is, when a video sampling
rate is different from the target phase, the phase of the video
can be corrected based on the phase of the illumination. In
this manner, the pulse waveform information acquiring unit
60 can improve the accuracy of estimating breathing infor-
mation by correcting fluctuation in the video sampling rate
with the use of the luminance frequency of the illumination.
To put it in another way, the pulse waveform information
acquiring unit 60 can use, as a reference clock, illumination
that has been taken into an image.

[0360] With such a method, the blood pressure informa-
tion output apparatus 100 may correct fluctuation in the
sampling rate of a video at Step S105 in FIG. 23 or at Step
S201 in FIG. 25. The variation in the sampling rate can be
corrected to a fixed sampling rate by spline interpolation
based on timestamps (clock time information) acquired in
association with a video of a measurement subject. Note that
the interpolation method is not limited to the spline inter-
polation, but may be the Lagrange interpolation or the linear
interpolation. But the spline interpolation is preferable
because it takes a small operation amount and provides good
accuracy.

[0361] FIG. 61 shows one example of the configuration of
the pulse wave measuring apparatus 102. The pulse wave
measuring apparatus 102 according to the present example
farther comprises a user information acquiring unit 80.
[0362] The user information acquiring unit 80 identifies a
user based on the video information 62. The user informa-
tion acquiring unit 80 acquires user information 81 of the
identified user. The user information acquiring unit 80 can
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identify a user by extracting, from the video information 62,
a feature of the face of a measurement subject. A relative
position or size of a part of a face, the shape of an eye, nose,
cheekbone or jaw may be utilized as a feature in identifi-
cation of a user. The user information acquiring unit 80
compares the video information 62 of a pre-registered
existing user and the acquired video information 62 to
identify a user who has a matching feature. When not having
been able to identify a user, the user information acquiring
unit 80 registers the user as a new user. The user information
81 includes identification information, confirmation infor-
mation and peripheral information. For example, the iden-
tification information includes a name, an ID and a fixed
phrase. The confirmation information includes a schedule,
an informative matter and a memorandum. The peripheral
information includes measurement history information and
information about another user.

[0363] For example, when a plurality of users uses an
apparatus at a medical institution, home, school or work-
place, measurement results are recorded and managed for
respective users. In this case, information such as names or
IDs identifying individuals needs not be input separately.
Only with the user information 81, the room-entrance clock
time, room-exit clock time, duration of stay and outing time
of users can be managed.

[0364] FIG. 62 shows one example of the configuration of
the pulse wave measuring apparatus 102. The pulse wave
measuring apparatus 102 according to the present example
is different from the example in FIG. 61 in that it comprises
an attribute information acquiring unit 82 instead of the user
information acquiring unit 80.

[0365] The attribute information acquiring unit 82 esti-
mates attribute information 83 based on the video informa-
tion 62. The attribute information acquiring unit 82 can
identify an attribute by extracting, from the video informa-
tion 62, a feature of the face of a measurement subject.
[0366] A relative position or size of a part of a face, the
shape of an eye, nose, cheekbone or jaw may be utilized as
a feature in identification of an attribute. The attribute
information acquiring unit 82 compares a pre-registered
model for each attribute and the acquired attribute informa-
tion 83 to identify an attribute that has a matching feature.
For example, the attribute information 83 includes at least
one of a sex, an age, a generation, a blood type, a birthplace,
a nationality, a mother tongue, a race and a build.

[0367] FIG. 63 shows one example of the configuration of
the pulse wave measuring apparatus 102. The pulse wave
measuring apparatus 102 according to the present example
is different from the example in FIG. 47 in that it further
comprises a health information estimating unit 85.

[0368] The health information estimating unit 85 esti-
mates health information 86 based on the pulse wave feature
amount 71. For example, assuming that the pulse wave
feature amount 71 is a, the health information 86 can
estimated by using a preset function f(a). However, when
there is a plurality of the pulse wave feature amounts 71, a
can be expressed as a matrix including a plurality of ele-
ments.

[0369] Forexample, the health information estimating unit
85 estimates the health information 86 indicating whether or
not a person is in a relaxed state. When a pulse rate
calculated by frequency analysis is handled as the pulse
wave feature amount 71, the health information 86 indicates
a person is as much in a mentally relaxed state as the pulse
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rate is lower. Also, when time Tbe from a minimum b of a
pulse wave to the immediately following maximum c¢ is
handled as the pulse wave feature amount 71, when Thc is
larger, the health information 86 indicates that a person has
a tendency of hypertension.

[0370] The health information 86 may include at least one
of pulse-related information, blood pressure-related infor-
mation, breathing-related information, mental state-related
information and recommendation information. The blood
pressure-related information is any of blood pressure infor-
mation, blood flow information, vascular information, blood
information, function information and circulatory organ
information. For example, the blood pressure information is
any of the highest (systolic) blood pressure, the lowest
(diastolic) blood pressure, the average blood pressure and a
pulse pressure. The blood pressure information may be
expressed in the unit of mmHg. The blood pressure infor-
mation may be stepwise evaluation such as three-step evalu-
ation of high blood pressure, normal blood pressure and low
blood pressure.

[0371] Forexample, the blood flow information is a blood
flow rate or a blood flow amount. Also, the vascular infor-
mation is a blood vessel diameter, a vascular wall thickness,
an arteriosclerosis level, a Young’s modulus or a vascular
age. The blood information may be a blood oxygenation
level, a blood composition, a hemoglobin concentration or a
blood viscosity. The pulse-related information may be a
pulse rate, pulse wave propagation time or a pulse wave
propagation speed. The pulse rate may be expressed in the
unit of bpm or Hz. The mental state-related information may
be the degree of tension, a stress level, an arousal level, the
degree of concentration or an emotion. The recommendation
information may be about drugs, medical institutions,
supplements, exercise schedules, sleeping methods, fitness
clubs, foods and drinks, restaurants, dishes, books, music,
videos, Internet sites, health advice or health risks.

[0372] FIG. 64 shows one example of the configuration of
the pulse wave measuring apparatus 102. The pulse wave
measuring apparatus 102 according to the present example
comprises the pulse waveform information acquiring unit
60, the pulse wave feature amount calculating unit 70, the
user information acquiring unit 80, the attribute information
acquiring unit 82, the health information estimating unit 85
and an information output unit 90.

[0373] The health information estimating unit 85 esti-
mates the health information 86 based on the user informa-
tion 81 in addition to the pulse wave feature amount 71. For
example, assuming that the pulse wave feature amount 71
and the user information 81 are a and b, respectively, the
health information 86 can be estimated by using a preset
function f(a,b). Note that when there are pluralities of the
pulse wave feature amounts 71 and pieces of the user
information 81, respectively, a and b can be expressed as
matrices each including a plurality of elements.

[0374] Also, the health information estimating unit 85
may compare the user information 81 and a measurement
history of a user to estimate the health information 86.
Because the health information estimating unit 85 reflects
the user information 81 to estimate the health information
86, the accuracy of estimating the health information 86
improves. Also, the health information estimating unit 85
can enhance the estimation accuracy by correcting the health
information 86 for each user.
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[0375] The health information estimating unit 85 may
estimate the health information 86 based on the attribute
information 83 in addition to the pulse wave feature amount
71. For example. assuming that the pulse wave feature
amount 71 and the attribute information 83 are a and c,
respectively, the health information 86 can be estimated by
using a function f(a,c). Note that when there are pluralities
of the pulse wave feature amounts 71 and pieces of the
attribute information 83, respectively, a and ¢ can be
expressed by matrices each including a plurality of ele-
ments. In this case, the health information estimating unit 85
can refer to a statistical measurement result for each attri-
bute. That is, the health information estimating unit 85 can
estimate the health information 86 based on a statistical
measurement result.

[0376] Because the health information estimating unit 85
reflects the attribute information 83 to estimate the health
information 86, the accuracy of estimating the health infor-
mation 86 improves. Also, the health information estimating
unit 85 can enhance the estimation accuracy by correcting
the health information 86 for each attribute. Note that the
health information estimating unit 85 may be configured to
include the information output unit 90.

[0377] The health information estimating unit 85 can
calculate a correlation between the estimated health infor-
mation 86 and the statistical health information 86 of a
specific attribute. Furthermore, the health information esti-
mating unit 85 may estimate the health information 86 based
on any or both of environment information and the user
information 81 in addition to the pulse wave feature amount
71 and the attribute information 83.

[0378] The information output unit 90 outputs output
information 91 based on the health information 86 estimated
by the health information estimating unit 85. For example,
the information output unit 90 comprises any one or more of
a lamp, a display and a speaker. The lamp may indicate the
output information 91 by means of optical intensity or
optical wavelength. The display may indicate the output
information 91 by combining one or more of characters and
images. The characters are for example any of numbers,
alphabetical characters, Greek characters, Arabic alphabets,
Japanese hiraganas, Japanese katakanas and Japanese kanjis.
The images may be for example graphs, still images or
moving images. The still images are for example illustra-
tions or images of faces obtained by editing/processing the
video information 62. The moving images are for example
image videos that indicate variation in a pulse wave, an
estimate value, blood vessels or a blood flow. The speaker
may output the output information 91 as audio. The infor-
mation output unit 90 may output the output information 91
as pressure, current or shape. The information output unit 90
may transmit the output information 91 to peripheral equip-
ment or a database connected by a wireless or wired net-
work.

[0379] Also, the information output unit 90 may operate/
control peripheral equipment based on the output informa-
tion 91. The peripheral equipment is for example health
equipment, medical equipment, a vehicle or another appa-
ratus. The health equipment is for example a running
machine, an exercise bike, a pressure band or a massage
chair. The medical equipment is for example a defibrillator,
a dialysis apparatus, a drip infusion apparatus, a blood
transfusion apparatus, a blood collecting apparatus or an
artificial respirator. The vehicle is for example a rocket, an
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airplane, a train, a bus, a passenger car, playground equip-
ment or a bicycle. The other apparatus may be an air
conditioner, a heating appliance, a cooling appliance, a
dryer, a humidifier, a dehumidifier, a ventilation fan, lighting
equipment, an acoustic apparatus, a mobile music player, a
cooking appliance, a desktop PC, a laptop PC, a tablet PC,
a mobile phone, a smartphone, a wristwatch-type terminal,
a television, a game console or a door.

[0380] FIG. 65 shows one example of the configuration of
the pulse wave measuring apparatus 102. The pulse wave
measuring apparatus 102 according to the present example
further comprises an environment information acquiring
unit 87 in addition to the configuration of the pulse wave
measuring apparatus 102 in FIG. 64.

[0381] The environment information acquiring unit 87
acquires environment information 88 from the video infor-
mation 62. The environment information 88 is for example
the date on which measurement was performed, the clock
time at which measurement was performed, a location at
which measurement was performed, air temperature, humid-
ity or a barometric pressure. The pulse wave measuring
apparatus 102 according to the present example estimates
the health information 86 based on the environment infor-
mation 88, in addition to the pulse wave feature amount 71.
Also, the health information 86 may be estimated based on
at least one of the user information 81, the attribute infor-
mation 83 and the environment information 88, in addition
to the pulse wave feature amount 71.

[0382] The health information 86 can be estimated by
using a function. For example, assuming that the pulse wave
feature amount 71 and the environment information 88 are
a and d, respectively, the health information 86 can be
estimated by using a function f(a,d). Note that when there
are pluralities of the pulse wave feature amounts 71 and
pieces of the environment information 88, respectively, a
and d can be expressed as matrices each including a plurality
of elements.

[0383] Also, the pulse wave measuring apparatus 102 may
estimate the health information 86 based on at least one of
the user information 81, the attribute information 83 and the
environment information 88, in addition to the pulse wave
feature amount 71. For example, assuming that the pulse
wave feature amount 71, the user information 81, the
attribute information 83 and the environment information 88
are a, b, ¢ and d, respectively, the health information 86 can
be estimated by using a predetermined function f(a,b,c,d).
[0384] FIG. 66 shows one example of the configuration of
the pulse wave measuring apparatus 102. The information
output unit 90 according to the present example outputs
information based on at least one information among the
video information 62, the pulse waveform information 61,
the user information 81 and the attribute information 83, in
addition to the health information 86. Note that, by com-
prising the environment information acquiring unit 87, the
pulse wave measuring apparatus 102 may output the output
information 91 based on the environment information 88.
[0385] FIG. 67 shows one example of the configuration of
the pulse wave measuring apparatus 102. The pulse wave
measuring apparatus 102 according to the present example
comprises a storage unit 89.

[0386] The storage unit 89 memorizes the user informa-
tion 81 and the attribute information 83. Also, the storage
unit 89 may memorize the past health information 86. In the
present example, the user information 81 and the attribute
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information 83 in combination are called personal identifi-
cation information. The storage unit 89 transmits the memo-
rized personal identification information to the health infor-
mation estimating unit 85 when the personal identification
information and personal identification information acquired
by the user information acquiring unit 80 and the attribute
information acquiring unit 82 match. On the other hand, the
storage unit 89 does not transmit the personal identification
information memorized in the storage unit 89 to the health
information estimating unit 85 when the personal identifi-
cation information and personal identification information
acquired by the user information acquiring unit 80 and the
attribute information acquiring unit 82 do not match. That is,
the pulse wave measuring apparatus 102 estimates the health
information 86 only when personal identification informa-
tion matches personal identification information memorized
in advance.

[0387] The pulse wave measuring apparatus 102 disclosed
in the present specification may be clothing or an accessory
worn by a living body. The accessory is for example a finger
ring, a collar, a necklace, a hair ornament, a pierced earring,
an earing, an earplug, an earphone, a headphone, eye
glasses, goggles, an eye mask, a wrist band, a misanga, a
wristwatch, a mask, a hat, a glove, a helmet, a shoe or a
sandal. Also, the pulse wave measuring apparatus 102 may
be a seal or a patch to be applied onto the skin of a living
body.

Embodiment 13

[0388] FIG. 68 shows one example of the pulse wave
measuring apparatus 102 according to Embodiment 13. The
pulse wave measuring apparatus 102 according to the pres-
ent example is implemented on a mobile information ter-
minal 280, and acquires the user information 81. The pulse
wave measuring apparatus 102 receives an input of the video
information 62 at 30 fps acquired by the camera 63 provided
to the mobile information terminal 280. The mobile infor-
mation terminal 280 according to the present example
displays, based on the input video information 62, a user
name, a health judgment result, a systolic blood pressure, a
diastolic blood pressure and a pulse wave. In this manner, a
user can refer to a judgment result of the health information
86 simply.

[0389] FIG. 69 shows one example of signal processing by
the pulse wave measuring apparatus 102 according to
Embodiment 13. The pulse wave measuring apparatus 102
according to the present example executes Step S301 to Step
S314.

[0390] At Step S301, the camera 63 acquires the video
information 62 at 30 fps. At Step S302, RGB signals of the
video information 62 acquired at Step S301 are transformed
into a Y signal and a Cb+Cr signal. At Step S303, a facial
region is detected based on the transformed Y signal. Also,
at Step S304, a region of interest ROI is identified in the
detected facial region.

[0391] At Step S305, a feature of a face is extracted from
an image of the facial region to identify an individual, and
the user information 81 is acquired. At Step S306, a pulse
wave trace signal at 30 Hz is created based on the Ch+Cr
signal of the region of interest ROI. At Step S307, the pulse
wave trace signal is made to pass a band-pass filter BPF, and
then at Step S308, the frequency analysis is performed by
the fast Fourier transform (FFT) to calculate a pulse rate.
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[0392] On the other hand, at Step S309, the pulse wave
trace signal that has been made to pass the band-pass filter
BPF is subjected to spline interpolation to be up-sampled to
a pulse wave at 1 kHz. At Step S310, a pulse wave feature
amount is calculated from the up-sampled 1 kHz pulse wave.
At Step S311, the blood pressure information is estimated
based on the pulse wave feature amount 71 and the user
information 81.

[0393] At Step S312, the health information of a user is
judged based on the blood pressure information, the user
information 81 and the pulse rate. Because at Step S312,
corrections can be made according to comparison with past
measurement data of a measurement subject based on the
user information 81, the accuracy of estimating the blood
pressure information improves.

[0394] At Step S313, a user name, pulse waveform infor-
mation, blood pressure information and health information
are displayed on a display. On the other hand, at Step S314,
health information of a user is recorded as the user infor-
mation 81. Thereby, the pulse wave measuring apparatus
102 can manage health of each user simply.

Embodiment 14

[0395] FIG. 70 shows one example of the pulse wave
measuring apparatus 102 according to Embodiment 14. The
pulse wave measuring apparatus 102 according to the pres-
ent example is implemented on the mobile information
terminal 280 which is one example of mobile devices, and
acquires the attribute information 83. The pulse wave mea-
suring apparatus 102 receives an input of the video infor-
mation 62 at 30 fps acquired by the camera 63 provided to
the mobile information terminal 280. The mobile informa-
tion terminal 280 according to the present example displays,
based on the input video information 62, the attribute
information 83 such as sex or age, a health judgment result,
a systolic blood pressure, a diastolic blood pressure and a
pulse wave. In this manner, a user can refer to a judgment
result of the health information 86 simply.

[0396] FIG. 71 shows one example of signal processing by
the pulse wave measuring apparatus 102 according to
Embodiment 14. The pulse wave measuring apparatus 102
according to the present example executes Step S401 to Step
S413.

[0397] Step S401 to Step S413 are basically executed in a
flow similar to that of Step S301 to Step S313. In the present
example, mainly, differences from Step S301 to Step S313
are explained.

[0398] Step S401 to Step S404 correspond to Step S301 to
Step S304. At Step S405, a feature of a face is extracted from
an image in a facial region detected at Step S403 to judge an
attribute. That is, at Step S405, the attribute information 83
is acquired.

[0399] Also, Step S406 to Step S410 correspond to Step
S306 to Step S310. At Step S411, the blood pressure
information is estimated based on the pulse wave feature
amount 71 and the attribute information 83. Based on the
attribute information 83, the pulse wave measuring appara-
tus 102 according to the present example can make correc-
tions determined for each attribute. For this reason, the
accuracy of estimating the blood pressure information is
high. At Step S412, the health information 86 of a measure-
ment subject is judged based on the blood pressure infor-
mation, the attribute information 83 and the pulse rate. At
Step S413, the attribute information 83, the pulse waveform
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information 61, the blood pressure information and the
health information 86 are displayed on the display. Thereby,
the pulse wave measuring apparatus 102 can manage health
for each attribute simply.

[0400] FIG. 72 shows a method of estimating diastolic
blood pressure information based on the age of a measure-
ment subject. m50 indicates a male in his fifties, m30
indicates a male in his thirties, and 30 indicates a female in
her thirties. Each curve is a logarithmic approximation of
each plot. The vertical axis indicates the ratio between the
square of a pulse frequency HR (Hz) and diastolic blood
pressure DBP [mmHg], and the horizontal axis indicates the
square of the falling time DF (msec). An equation of
estimating the diastolic blood pressure DBP can be derived
from the plots. For example, because the approximation
curves are different for each age, an equation of estimating
the diastolic blood pressure DBP may be switched based on
the age of a measurement subject. Similarly, the equation of
estimating the diastolic blood pressure DBP may be
switched based on the sex of a measurement subject. In this
manner, by switching the equation of estimating the diastolic
blood pressure DBP for each measurement subject, the
accuracy of estimating the diastolic blood pressure DBP of
the pulse wave measuring apparatus 102 improves.

[0401] FIG. 73 shows a method of estimating systolic
blood pressure information based on the age of a measure-
ment subject. m50 indicates a male in his fifties, m30
indicates a male in his thirties, and 30 indicates a female in
her thirties. Fach curve in the figure is a logarithmic approxi-
mation of each plot. The vertical axis indicates the product
of the pulse rate HR (Hz) and the systolic blood pressure
SBP [mmHg]|, and the horizontal axis indicates the ratio
between the square of the rising time TR (msec) and the
pulse rate HR (Hz). An equation of estimating the systolic
blood pressure SBP can be derived from the plots. For
example, because the approximation curves are different for
each age, the equation of estimating the systolic blood
pressure may be switched based on the age of a measure-
ment subject. Similarly, the estimation equation may be
switched based on the sex of a measurement subject. In this
manner, by switching the equation of estimating the systolic
blood pressure SBP for each measurement subject, the
accuracy of estimating the systolic blood pressure SBP of
the pulse wave measuring apparatus 102 improves.

Embodiment 15

[0402] FIG. 74 shows one example of the pulse wave
measuring apparatus 102 according to Embodiment 15. The
pulse wave measuring apparatus 102 according to the pres-
ent example is implemented on a door 290. In a similar
manner to that of the mobile information terminal 280
according to Embodiment 13, the door 290 can estimate
blood pressure information, and display it on the display
291. Furthermore, by registering the user information 81 of
users who are allowed to pass through the door 290 in
advance, authentication of living bodies can be performed
based on the user information 81. Also, the door 290 may
record unlocking of a door lock and entering and leaving
times of users.

[0403] FIG. 75 shows one example of the configuration of
the pulse wave measuring apparatus 102. The pulse wave
measuring apparatus 102 according to the present example
comprises a real-timeness estimating unit 95, in addition to
the pulse waveform information acquiring unit 60 and the
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pulse wave feature amount calculating unit 70. The pulse
wave measuring apparatus 102 can be utilized as a living
body authentication system or a personal identification
information acquiring unit that acquires personal identifica-
tion information of a living body.

[0404] The real-timeness estimating unit 95 estimates
real-timeness information 96 based on the pulse wave fea-
ture amount 71. For example, the real-timeness estimating
unit 95 estimates that an imaged subject is a living body
when the pulse wave feature amount 71 is within a prede-
termined range. Also, the real-timeness estimating unit 95
estimates that an imaged subject is not a living body when
the pulse wave feature amount 71 is not within a predeter-
mined range. Note that the real-timeness estimating unit 95
may estimate the real-timeness information 96 of a living
body based on the health information 86, instead of the
video information 62.

[0405] The real-timeness information 96 indicates
whether or not the video information 62 acquired by the
pulse waveform information acquiring unit 60 is not about
a photograph or an image of a living body, but it has
acquired information about the region 14 of a real living
body. That is, the real-timeness information 96 is used as
living body authentication information, viability informa-
tion or activity information.

[0406] The pulse wave measuring apparatus 102 accord-
ing to the present example performs living body authenti-
cation based on the real-timeness information 96. The pulse
wave measuring apparatus 102 can construct a highly secure
and convenient system by performing object recognition of
a non-imaged object based on the calculated pulse wave
feature amount 71 or the like. For example, the pulse wave
measuring apparatus 102 that performs image authentication
with the use of a camera is utilized for unlocking a door by
identifying an individual, for unlocking an operation lock of
a mobile device, for authenticating an account holder at an
ATM or the like or for other uses. The pulse wave measuring
apparatus 102 can remove necessity for forcing a user to
blink, move his’/her body in a direction of a screen display,
or to do other operation which places a load on the user.
Also, because the pulse wave measuring apparatus 102
according to the present example does not require input of
a personal identification number or the like, authentication
of the real-timeness information 96 can be completed with-
out taking much time.

Embodiment 16

[0407] FIG. 76 shows one example of the pulse wave
measuring apparatus 102 according to Embodiment 16. The
pulse wave measuring apparatus 102 according to the pres-
ent example is implemented on an intercom 295. In a similar
manner to that in a case of Embodiment 13, the pulse wave
measuring apparatus 102 can estimate blood pressure infor-
mation and record unlocking of a door lock and entering and
leaving times based on the user information 81. For
example, the intercom 295 automatically unlocks a lock
when the user information 81 of a measurement subject is
pre-registered, and the lock is unlocked manually when the
user information 81 of a measurement subject is not pre-
registered.

Embodiment 17

[0408] FIG. 77 shows one example of the pulse wave
measuring apparatus 102 according to Embodiment 17. The
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pulse wave measuring apparatus 102 according to the pres-
ent example is implemented on a body composition meter
300. In a similar manner to that in the case of Embodiment
13, the pulse wave measuring apparatus 102 can estimate the
blood pressure information, and display it on the display
301. The pulse wave measuring apparatus 102 may estimate
the comprehensive health information 86 based on, in addi-
tion to the blood pressure information, a body weight and a
body fat percentage measured simultaneously. The esti-
mated health information 86 is displayed on the display 301.

Embodiment 18

[0409] FIG. 78 shows one example of the pulse wave
measuring apparatus 102 according to Embodiment 18. The
pulse wave measuring apparatus 102 according to the pres-
ent example is implemented on a customer service counter
310. In a similar manner to that in the case of Embodiment
14, the pulse wave measuring apparatus 102 can estimate the
blood pressure information, and display it on the display
311. Also, the pulse wave measuring apparatus 102 judges
recommendation information about goods suitable for a
customer based on the blood pressure information and the
attribute information 83. The pulse wave measuring appa-
ratus 102 proposes goods to a customer by displaying the
judged recommendation information on the display 311. In
this manner, the pulse wave measuring apparatus 102 can
propose goods optimum for a customer simply by capturing
the customer with the camera 63. Note that when a customer
is a member, the recommendation information may be
judged based further on the user information 81.

Embodiment 19

[0410] FIG. 79 shows one example of the pulse wave
measuring apparatus 102 according to Embodiment 19. The
pulse wave measuring apparatus 102 according to the pres-
ent example is implemented on an entrance gate 320. In a
similar manner to that in Embodiment 14, the pulse wave
measuring apparatus 102 can judge the health information
86 based on the video information 62 acquired with the
camera 63. The pulse wave measuring apparatus 102 con-
trols opening and closing of the entrance gate 320 based on
the health information 86 to limit entrance.

Embodiment 20

[0411] FIG. 80 shows one example of the pulse wave
measuring apparatus 102 according to Embodiment 20. The
pulse wave measuring apparatus 102 according to the pres-
ent example is provided to a dialysis system 330.

[0412] A recliner 331 on which a patient undergoing
dialysis sits comprises a camera 332 that acquires video
information at 30 fps. The video information at 30 fps is
transmitted to a dialysis apparatus main body 333 by Blu-
eTooth (registered trademark) or the like. Note that com-
munication between the recliner 331 and the dialysis appa-
ratus main body 333 may be wired or wireless
communication, and may be performed through a known
system.

[0413] The dialysis apparatus main body 333 calculates
the health information 86 based on the video information
acquired by the camera 332. Also, the dialysis apparatus
main body 333 controls a dialysis flow rate in real-time
based on the calculated health information 86. The calcu-
lated health information 86 may be displayed on a display.
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[0414] FIG. 81 shows one example of signal processing by
the pulse wave measuring apparatus 102 according to
Embodiment 20. The pulse wave measuring apparatus 102
according to the present example executes Step S501 to Step
S515.

[0415] Step S501 to Step S511 are basically similar to Step
S301 to Step S412 and Step S401 to Step S412. However,
the pulse wave measuring apparatus 102 according to the
present example does not execute the personal identification
at Step S305 and the attribute judgment at Step S405. For
this reason, at Step S510, the blood pressure information is
estimated based only on the pulse wave feature amount 71.
Also, at Step S511, the health information 86 of a patient
undergoing dialysis is judged based on the blood pressure
information and the pulse rate.

[0416] At Step S512, a graph indicating pulse rates, blood
pressure information, and transition of the blood pressure
information is displayed on a display. At Step S513, the
blood pressure information is transmitted to the medical
institution 334 which is connected by a network. Thereby,
the blood pressure information of a patient undergoing
dialysis can be informed to a remotely-located medical
worker. The medical institution 334 may be connected to a
data management system.

[0417] At Step S514, the dialysis apparatus is controlled
based on the blood pressure information. For example, the
blood pressure of a patient may drop rapidly during dialysis.
However, a blood pressure measuring apparatus with a cuff
places a burden on a patient due to compression of blood
vessels, and cannot monitor variation in blood pressure
continuously. The dialysis system 330 according to the
present example does not compress blood vessels during
dialysis, and is non-invasive, so the burden on a patient is
small. For this reason, the pulse wave measuring apparatus
102 according to the present example can monitor variation
in blood pressure of a patient continuously. Thereby, the
dialysis system 330 according to the present example can
control a dialysis flow rate in real-time so as to reduce a load
on a patient undergoing dialysis.

[0418] The dialysis system 330 according to the present
example may transmit the health information 86 or an alarm
to a data management system at the medical institution 334
when the health information 86 is not within a predeter-
mined range. On the other hand, when the health informa-
tion 86 is within a predetermined range, the health infor-
mation 86 or an alarm may not be transmitted to the data
management system at the medical institution 334. The data
management system at the medical institution 334 outputs
the alarm upon receiving the health information 86 or the
alarm. Note that in the present embodiment, the dialysis
system 330 is shown as an example. However, the pulse
wave measuring apparatus 102 may monitor variation in
blood pressure of a patient non-invasively and continuously
similarly in a defibrillator, a drip infusion apparatus, a blood
transfusion apparatus, a blood collecting apparatus and an
artificial respirator.

Embodiment 21

[0419] FIG. 82 shows one example of the pulse wave
measuring apparatus 102 according to Embodiment 21. The
pulse wave measuring apparatus 102 according to the pres-
ent example is provided to the dialysis system 330. A pulse
wave trace signal at 30 Hz acquired by the light-emitting
unit and the light receiving unit provided to a wrist band 336
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worn on a wrist of the patient undergoing dialysis is trans-
mitted, by BlueTooth (registered trademark), and input to
the dialysis apparatus main body 333. The dialysis apparatus
main body 333 and the medical institution 334 may function
in a similar manner to those in Embodiment 20.

[0420] FIG. 83 shows one example of signal processing by
the pulse wave measuring apparatus 102 according to
Embodiment 21. The pulse wave measuring apparatus 102
according to the present example executes Step S601 to Step
Se611.

[0421] At Step S601, light emitted by the light-emitting
unit provided to the wrist band 336 is received by the light
receiving unit. Thereby, the wrist band 336 can detect a
pulse wave at 30 Hz (Step S602). In Step S603 to Step S611,
steps that are basically similar to Step S506 to Step S514 are
executed. The dialysis system 330 according to the present
example can monitor transitions in the blood pressure of a
patient undergoing dialysis at any time with a simple con-
figuration of wrapping the wrist band 336 around a wrist of
the patient undergoing dialysis.

Embodiment 22

[0422] FIG. 84 shows one example of the pulse wave
measuring apparatus 102 according to Embodiment 22. The
pulse wave measuring apparatus 102 according to the pres-
ent example is provided to an operator management system
340. The operator management system 340 is configured
with a helmet 341 and a management computer 343. The
operator management system 340 manages health informa-
tion of a worker at a construction site or the like.

[0423] Video information at 30 fps acquired by a camera
342 provided to the helmet 341 worn by a measurement
subject is transmitted to the management computer 343 by
BlueTooth (registered trademark). The management com-
puter 343 judges the health information 86 of the measure-
ment subject by using the video information 62. The judged
health information 86 is displayed on a display 344. Note
that when a plurality of measurement subjects are respec-
tively wearing the helmets 341, the management computer
343 may display, on the display 344 collectively, the health
information 86 of the plurality of measurement subjects.

Embodiment 23

[0424] FIG. 85 shows one example of the pulse wave
measuring apparatus 102 according to Embodiment 23. The
pulse wave measuring apparatus 102 according to the pres-
ent example is provided to a passenger management system
350. The passenger management system 350 comprises a
seat 351 and a management computer 353.

[0425] Video information at 30 fps acquired by a camera
352 provided to a head rest of the seat 351 in front of a
measurement subject is transmitted and input to the man-
agement computer 353 by BlueTooth (registered trademark).
The management computer 353 judges the health informa-
tion 86 of the measurement subject by using the video
information 62. The judged health information 86 is dis-
played on a display 354. Note that when a plurality of
measurement subjects are respectively seated on the seats
351, the management computer 353 may display, on the
display 354 collectively, the health information 86 of the
plurality of measurement subjects.
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Embodiment 24

[0426] FIG. 86 shows one example of the pulse wave
measuring apparatus 102 according to Embodiment 24. The
pulse wave measuring apparatus 102 according to the pres-
ent example is implemented on a massage chair 360.
[0427] The massage chair 360 comprises an arm rest 361
having a light-emitting unit and a light receiving unit 362.
The light-emitting unit and the light receiving unit 362
acquire a pulse wave trace signal from a skin surface of a
forearm of a measurement subject. The massage chair 360
judges the health information 86 by using the pulse wave
trace signal. The massage chair 360 can adjust the load of
massage based on the health information 86. Although an
example of the massage chair 360 is shown here, by pro-
viding the pulse wave measuring apparatus 102 according to
the present invention to a reclining bed, for example, its
reclining angle can be manipulated based on the health
information 86.

[0428] As explained above, the pulse wave measuring
apparatus 102 estimates highly accurately a blood pressure
by a non-invasive method which does not compress blood
vessels of a living body. For this reason, by implementing
the pulse wave measuring apparatus 102 on various tools,
apparatuses and the like utilized by humans, pulse waves of
humans can be measured in a natural form.

[0429] FIG. 87 shows one example of the configuration of
an empathy detection system 500. The empathy detection
system 500 according to the present example comprises a
first biometric sensor 510, a second biometric sensor 515, a
wireless connection unit 520, a signal judging unit 530 and
an empathy judging unit 540. Each of the biometric sensors
is worn by each of two or more subjects. In the present
example, the first biometric sensor 510 is worn by a first
subject, and the second biometric sensor 515 is worn by a
second subject. The signal judging unit 530 and the empathy
judging unit 540 may be installed in a server linked by a
network with a first biosignal acquiring unit 511 and a
second biosignal acquiring unit 516.

[0430] The empathy detection system 500 causes the first
biometric sensor 510 and the second biometric sensor 515 to
cooperate with each other, and judges whether or not each
biometric sensor has output a significant signal simultane-
ously or in a certain length of time. Thereby, the empathy
detection system 500 detects empathy among a plurality of
subjects.

[0431] The first biometric sensor 510 comprises a first
biosignal acquiring unit 511 and a first empathy notifying
unit 512. The first biosignal acquiring unit 511 acquires a
first biosignal from a region 14 of a living body. For
example, the first biosignal is the pulse waveform informa-
tion 61 of the first subject. The pulse waveform information
61 may be acquired from the video information 62 or
acquired by measurement of skin conductivity.

[0432] The second biometric sensor 515 comprises a sec-
ond biosignal acquiring unit 516 and a second empathy
notifying unit 517. The second biosignal acquiring unit 516
acquires a second biosignal from a region 14 of a living
body. For example, the second biosignal is the pulse wave-
form information 61 of the second subject. Although the
second biosignal according to the present example is mea-
sured by a measurement method similar to that for the first
biosignal, it may be measured by a measurement method
different from that for the first biosignal.
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[0433] The wireless connection unit 520 performs wire-
less communication of a signal between the first biometric
sensor 510 and the second biometric sensor 515. Also, the
wireless connection unit 520 is connected to the first bio-
signal acquiring unit 511 and the second biosignal acquiring
unit 516. The wireless connection unit 520 receives an input
of the first biosignal acquired by the first biosignal acquiring
unit 511 and the second biosignal acquired by the second
biosignal acquiring unit 516. The wireless connection unit
520 transmits the first biosignal and the second biosignal to
the signal judging unit 530.

[0434] The signal judging unit 530 judges whether or not
the first biosignal and the second biosignal are significant
signals, and obtains a first judgment result and a second
judgment result. For example, a significant signal refers to a
signal which is not caused by a noise. Also, a significant
signal refers to a signal that is generated by a change in the
emotion of a subject. The signal judging unit 530 transmits
the first judgment result and the second judgment result to
the empathy judging unit 540.

[0435] Based on the first judgment result and the second
judgment result, the empathy judging unit 540 judges
whether or not empathy has occurred between the first
subject and the second subject. Specifically, by judging
whether or not two or more of the first judgment result and
the second judgment result have occurred within a prede-
termined period, the empathy judging unit 540 judges
whether or not empathy has occurred. For example, that two
or more have occurred in a predetermined period means that
a significant signal occurs from the second biosignal acquir-
ing unit 516 while a significant signal keeps occurring from
the first biosignal acquiring unit 511. The empathy judging
unit 540 transmits the judged empathy occurrence informa-
tion to the wireless connection unit 520. The wireless
connection unit 520 transmits the empathy occurrence infor-
mation to the first empathy notifying unit 512 and the second
empathy notifying unit 517.

[0436] The first empathy notifying unit 512 transmits the
empathy occurrence information to the first subject, and the
second empathy notifying unit 517 notifies the second
subject about the empathy occurrence information. For
example, the empathy detection system 500 determines that
empathy of subjects has not occurred when any of the
biometric sensors of the first biometric sensor 510 and the
second biometric sensor 515 sensed a insignificant signal.
Also, the empathy detection system 500 detects empathy
among a plurality of subjects when significant signals of a
plurality of subjects are sensed simultaneously. When a
plurality of subjects are wearing biometric sensors, empathy
of all the subjects may be notified, or only empathy of
subjects who felt empathy may be notified.

[0437] FIG. 88 shows one example of the configuration of
the empathy detection system 500. The empathy detection
system 500 according to the present example comprises the
first biometric sensor 510, the second biometric sensor 515
and a sensor with analysis functions 550. For example, the
first biometric sensor 510 and the second biometric sensor
515 are smart watches (client units) and the sensor with
analysis functions 550 is a smartphone (base unit). The
respective smart watches and smartphone comprise wireless
connection units. Also, the same configuration as that of the
empathy detection system 500 shown in FIG. 87 operates in
a similar manner to that in the example of FIG. 87.
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[0438] The first biometric sensor 510 comprises the first
biosignal acquiring unit 511, the first empathy notifving unit
512 and the first wireless connection unit 521. The first
wireless connection unit 521 transmits, to the sensor with
analysis functions 550, a first biosignal acquired by the first
biosignal acquiring unit 511. The first wireless connection
unit 521 according to the present example performs com-
munication by Bluetooth (registered trademark), but may
perform Internet communication by Wi-Fi (registered trade-
mark).

[0439] The second biometric sensor 515 comprises the
second biosignal acquiring unit 516, the second empathy
notifying unit 517 and the second wireless connection unit
522. The second wireless connection unit 522 transmits, to
the sensor with analysis functions 550, a second biosignal
acquired by the second biosignal acquiring unit 516. The
second wireless connection unit 522 according to the present
example performs communication by Bluetooth (registered
trademark), but may perform Internet communication by
Wi-Fi (registered trademark).

[0440] The sensor with analysis functions 550 comprises
a third wireless connection unit 523, the signal judging umt
530 and the empathy judging unit 540. The third wireless
connection unit 523 receives the first biosignal and the
second biosignal, and transmits them to the signal judging
unit 530. Also, the third wireless connection unit 523
receives the empathy occurrence information judged by the
empathy judging unit 540, and transmits it to the first
wireless connection unit 521 and the second wireless con-
nection unit 522.

[0441] Because the first biometric sensor 510 and the
second biometric sensor 515 according to the present
example respectively comprise the wireless connection
units, the smartphones and the smart watch can communi-
cate with each other. For this reason, the empathy detection
system 500 according to the present example can be used for
a wide range of applications.

[0442] FIG. 89 shows one example of the configuration of
the empathy detection system 500. The empathy detection
system 500 according to the present example is configured
with the sensor with analysis functions 550 and the second
biometric sensor 515. The sensor with analysis functions
550 is a base unit of a smart watch, and the second biometric
sensor 515 1s a smart watch client unit.

[0443] The sensor with analysis functions 550 comprises
the first biosignal acquiring unit 511, the first empathy
notifying unit 512, the first wireless connection unit 521, the
signal judging unit 530 and the empathy judging unit 540.
Thereby, the sensor with analysis functions 550 can execute
all of acquisition of a biosignal, judgement, empathy judge-
ment and empathy notification. The configuration shown in
the example of FIG. 87 operates in a similar manner to that
in FIG. 87.

[0444] The sensor with analysis functions 550 according
to the present example is implemented on a smart watch. For
this reason, the empathy detection system 500 according to
the present example can notify empathy information to a
user only with a smart watch without using a smartphone.
[0445] FIG. 90 shows one example of operation of the
empathy detection system 500. The empathy judging umt
540 judges empathy by executing Step S701 to Step S706.
[0446] At Step S701, the signal judging unit 530 receives
the first biosignal acquired by the first biosignal acquiring
unit 511. At Step S702, the signal judging unit 530 judges



US 2016/0302735 Al

whether or not the first biosignal is a significant signal.
When the signal judging unit 530 judges that the first
biosignal is a significant signal, the process proceeds to Step
S703. On the other hand, when the signal judging unit 530
judges that the first biosignal is not a significant signal, the
process returns to Step S701.

[0447] At Step S703, the signal judging unit 530 receives
the second biosignal of the second biosignal acquiring unit
516. At Step S704, the signal judging unit 530 judges
whether or not the second biosignal is a significant signal.
When the signal judging unit 530 judges that the second
biosignal is a significant signal, the process proceeds to Step
S705. On the other hand, when the signal judging unit 530
judges that the second biosignal is not a significant signal,
the process returns to Step S701.

[0448] At Step S705, the empathy judging unit 540 judges
whether or not the first biosignal and the second biosignal
have occurred simultaneously. When the empathy judging
unit 540 has judged that occurrence of the first biosignal and
occurrence of the second biosignal are simultaneous, the
process proceeds to Step S706. On the other hand, when the
empathy judging unit 540 has judged that occurrence of the
first biosignal and occurrence of the second biosignal are not
simultaneous, the process returns to Step S701. At Step
S706, the first wireless connection unit 521 and the second
wireless connection unit 522 are notified about the empathy
occurrence information. Basically, after Step S706 is ended,
the process returns to Step S701, and Step S701 to Step S706
are repeated. However, when it became unnecessary to cause
the empathy detection system 500 to operate, the process
may be ended at any timing.

[0449] FIG. 91 shows one example of the configuration of
the empathy detection system 500. The empathy detection
system 500 according to the present example further com-
prises an N-th biometric sensor 560, in addition to the
configuration shown in FIG. 88.

[0450] The N-th biometric sensor 560 comprises an N-th
biosignal acquiring unit 561, an N-th empathy notifying unit
562 and an N-th wireless connection unit 526 The N-th
biosignal acquiring unit 561 acquires an N-th biosignal. The
N-th wireless connection unit 526 transmits the N-th bio-
signal to the third wireless connection unit 523.

[0451] The third wireless connection unit 523 transmits
the first to N-th biosignals to the signal judging unit 530. The
signal judging unit 530 transmits, to the empathy judging
unit 540, the first to N-th judgment results obtained by
judging whether or not the first to N-th biosignals are
significant. The empathy judging unit 540 judges presence
and absence of empathy based on the first to N-th judgment
results and generates empathy occurrence information.
[0452] For example, when the first subject wearing the
first biometric sensor 510 and the second subject wearing the
second biometric sensor 515 are feeling empathy, and the
N-th subject wearing the N-th biometric sensor 560 is not
feeling empathy, the third wireless connection unit 523
transmits empathy occurrence information to the first wire-
less connection unit 521 and the second wireless connection
unit 522, and on the contrary, does not transmit empathy
occurrence information to the N-th wireless connection unit
526. In this manner, because the empathy detection system
500 according to the present example can notify only
subjects who are feeling empathy about empathy occurrence
information, it can let people who are feeling empathy know
the empathy occurrence information without letting subjects
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who are not feeling empathy know it. Note that the empathy
judging unit 540 may be provided to each of the first
biometric sensor 510, the second biometric sensor 515 and
the N-th biometric sensor 560.

[0453] FIG. 92 shows one example of operation of the
empathy detection system 500. The empathy detection sys-
tem 500 executes Step S801 to Step S810.

[0454] At Step S801 the third wireless connection unit 523
receives a first biosignal from the first biosignal acquiring
unit 511. At Step S802, the third wireless connection unit
523 receives a second biosignal from the second biosignal
acquiring unit 516. At Step S803, the third wireless connec-
tion unit 523 receives an N-th biosignal from the N-th
biosignal acquiring unit 561.

[0455] At Step S804, the signal judging unit 530 judges a
significant signal among the first to the N-th signals, and
calculates first to N-th judgment results. Also, the empathy
Judging unit 540 judges whether or not there are two or more
signals which are significant and have occurred simultane-
ously based on the first to N-th judgment results.

[0456] At Step S805, the empathy judging unit 540 judges
whether or not the first biosignal is a signal indicating
empathy. When the first biosignal is a signal indicating
empathy, the process proceeds to Step S806. On the other
hand, when the first biosignal is not a signal indicating
empathy, the process proceeds to Step S807. At Step S806,
the third wireless connection unit 523 notifies the first
wireless connection unit 521 about empathy occurrence
information.

[0457] At Step S807, the empathy judging unit 540 judges
whether or not the second biosignal is a signal indicating
empathy. When the second biosignal is a signal indicating
empathy, the process proceeds to Step S808. On the other
hand, when the second biosignal is not a signal indicating
empathy, the process proceeds to Step S809. At Step S808,
the third wireless connection unit 523 notifies the second
wireless connection unit 522 about empathy occurrence
information.

[0458] At Step S809, the empathy judging unit 540 judges
whether or not the N-th biosignal is a signal indicating
empathy. When the N-th biosignal is a signal indicating
empathy, the process proceeds to Step S810. On the other
hand, when the N-th biosignal is not a signal indicating
empathy, the process returns to Step S801. At Step S810, the
third wireless connection unit 523 notifies the N-th wireless
connection unit 526 about empathy occurrence information.
Basically, after Step S810 is ended, the process returns to
Step S801, and Step S801 to Step S810 are repeated.
However, when it became unnecessary to cause the empathy
detection system 500 to operate, the process may be ended
at any timing.

[0459] FIG. 93 shows one example of the configuration of
the empathy detection system 500. The empathy detection
system 500 according to the present example comprises the
first biometric sensor 510 and the second biometric sensor
515. The first biometric sensor 510 is implemented in a first
smart watch, and the second biometric sensor 515 is imple-
mented in a second smart watch.

[0460] The first biometric sensor 510 comprises a wireless
intensity determining unit 570, a partner positional infor-
mation display unit 580, a first positional information
acquiring unit 581 and a fourth wireless connection unit 524,
in addition to the first biosignal acquiring unit 511, the first
empathy notifying unit 512, the first wireless connection
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unit 521, the first signal judging unit 531 and the first
empathy judging unit 541. On the other hand, the second
biometric sensor 515 comprises a fifth wireless connection
unit 525 and a second positional information acquiring unit
582, in addition to the second biosignal acquiring unit 516,
the second empathy notifying unit 517, the second wireless
connection unit 522, the second signal judging unit 532 and
the second empathy judging unit 542.

[0461] The wireless intensity determining unit 570
receives an input of wireless intensity information from the
first wireless connection unit 521. For example, the wireless
intensity information is information indicating whether or
not the first biosignal acquiring unit 511 and the second
biosignal acquiring unit 516 are connected wirelessly. Also,
the wireless intensity information indicates whether or not
the intensity of wireless signals between the first wireless
connection unit 521 and the second wireless connection unit
522 is at a predetermined threshold or higher. The wireless
intensity determining unit 570 calculates a wireless intensity
judgment result based on the wireless intensity information.
The wireless intensity determining unit 570 according to the
present example is provided only to the first biometric
sensor 510, but the wireless intensity determining unit 570
may be provided also to the second biometric sensor 515.

[0462] The partner positional information display unit 580
determines whether or not to display partner positional
information according to the wireless intensity judgment
result. More specifically, the partner positional information
display unit 580 does not display partner positional infor-
mation when the wireless intensity judgment result is within
a predetermined range. On the other hand, the partner
positional information display unit 580 displays partner
positional information when the wireless intensity judgment
result is not within a predetermined range.

[0463] When displaying the partner positional informa-
tion, the partner positional information display unit 580
displays the distance and direction from the first biometric
sensor 510 to the second biometric sensor 515 based on the
positional information of the first biometric sensor 510 and
the second biometric sensor 515. Also, the partner positional
information may be the distance and direction from the first
biosignal acquiring unit 511 to the second biosignal acquir-
ing unit 516. The distance may include a barometric pressure
difference, and the direction may be a point of the compass
or an upward, downward, forward, backward, leftward or
rightward direction.

[0464] The first positional information acquiring unit 581
acquires first positional information indicating the positional
information of the first biometric sensor 510. For example,
the first positional information is at least one of information
obtained by using a global positioning system, information
obtained by using a wireless base station, and information
obtained by using a barometric pressure sensor.

[0465] The fourth wireless connection unit 524 receives,
from the second biometric sensor 515, second positional
information indicating the positional information of the
second biometric sensor 515. The fourth wireless connection
unit 524 transmits the second positional information to the
partner positional information display unit 580. The fourth
wireless connection unit 524 according to the present
example performs Internet communication by Wi-Fi (regis-
tered trademark), but may perform communication by Blu-
etooth (registered trademark).
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[0466] The second positional information acquiring unit
582 acquires the second positional information. For
example, the second positional information is information
about the second biometric sensor 515, which is at least one
of information obtained by using a global positioning sys-
tem, information obtained by using a wireless base station
and information obtained by using a barometric pressure
sensot.

[0467] FIG. 94 shows one example of operation of the
empathy detection system 500. The empathy detection sys-
tem 500 according to the present example executes Step
S901 to Step S904. By executing Step S901 to Step S904,
positional information is displayed on the partner positional
information display unit 580 when the first biometric sensor
510 and the second biometric sensor 515 are not linked.
Thereby, users of the first biometric sensor 510 and the
second biometric sensor 515 can approach a position where
their biometric sensors can be linked.

[0468] At Step S901, the wireless intensity determining
unit 570 judges whether or not the first wireless connection
unit 521 and the second wireless connection unit 522 are
linked. When the first wireless connection unit 521 and the
second wireless connection unit 522 are linked, the process
does not proceed to Step S902. The wireless intensity
determining unit 570 starts execution of Step S901 again
after elapse of a predetermined period. On the other hand,
when the first wireless connection unit 521 and the second
wireless connection unit 522 are not linked, the process
proceeds to Step S902.

[0469] At Step S902, the partner positional information
display unit 580 acquires the first positional information
from the first positional information acquiring unit 581. At
Step S903, the second positional information is acquired
from the fifth wireless connection unit 525 by using the
fourth wireless connection unit 524. At Step S904, the
partner positional information display unit 580 displays the
distance and the direction from the first biosignal acquiring
unit 511 to the second biosignal acquiring unit 516 based on
the first positional information and the second positional
information.

[0470] Note that basically, after Step S904 is ended, the
process returns to Step S901, and Step S901 to Step S904 are
repeated. However, when it became unnecessary to cause the
empathy detection system 500 to operate, when it became
unnecessary for the wireless intensity determining unit 570
to judge the wireless intensity, or in any other certain cases,
the process may be ended at any timing.

[0471] FIG. 95 shows one example of the configuration of
the empathy detection system 500. The empathy occurrence
map unit 585 according to the present example further
comprises an empathy occurrence map unit 585 provided to
a server 583, in addition to the first biometric sensor 510 and
the second biometric sensor 515. The server 583 is linked
with the fourth wireless connection unit 524 by a network.
[0472] The empathy occurrence map unit 585 plots, on a
map and by using the acquired positional information, a
geographical point at which empathy has occurred. The map
on which the geographical point is plotted may be a facility
plan view, in addition to a general map. When plotting, on
a map, geographical points at which empathy has occurred,
the empathy occurrence map unit 585 can classify the
geographical points based on user information.

[0473] FIG. 96 shows one example of the configuration of
the empathy detection system 500. The first biometric sensor
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510 and the second biometric sensor 515 according to the
present example comprise the first user information regis-
tering unit 513 and the second user information registering
unit 518, respectively.

[0474] The first user information registering unit 513
pre-registers user information 81 of a user of the first
biometric sensor 510. By registering the user information 81
in the first user information registering unit 513, the accu-
racy of signal judgement and empathy judgement improves.
Also, the first user information registering unit 513 may
register the user information 81 of a user of the second
biometric sensor 515 with whom a pair is formed.

[0475] The empathy detection system 500 may classify
occurrence of empathy based on the user information 81.
Thereby, tendency about the user information 81 that users
who feel empathy together have can be known. For example,
the user information 81 includes at least one of age, gen-
eration, sex, race, nationality and mother tongue.

[0476] FIG. 97 shows one example of the configuration of
a biological information communication system 610. The
biological information communication system 610 is con-
figured with a plurality of the pulse wave measuring appa-
ratuses 102 and a correlation judging unit 611.

[0477] The biological information communication system
610 is used for users of the pulse wave measuring appara-
tuses 102 who are highly correlated to communicate with
each other. Thereby, communication among users who get
along well with each other can be enhanced.

[0478] The correlation judging unit 611 judges respective
correlations of a plurality of the pulse wave feature amounts
71 or the health information 86 calculated by the plurality of
pulse wave measuring apparatuses 102. When there is a
correlation which is among judged respective correlations
and is higher than a predetermined value, the correlation
judging unit 611 transmits information indicating that the
correlation is higher than the predetermined value to the
pulse wave measuring apparatus 102 that calculates a cor-
responding pulse wave feature amount among the plurality
of pulse wave feature amounts 71.

[0479] At least one of the pulse wave measuring appara-
tuses 102 may have configuration comprising the correlation
judging unit 611. In such a case, the pulse wave measuring
apparatus 102 provided with the correlation judging unit 611
judges correlations of the pulse wave feature amounts 71
calculated by the other pulse wave measuring apparatuses
102. Then, when a correlation is higher than a predetermined
value, the pulse wave measuring apparatus 102 provided
with the correlation judging unit 611 may output information
indicating that the correlation is higher than the predeter-
mined value.

[0480] FIG. 98 shows feeling monitoring based on the
wavelength of a pulse wave and skin conductivity. A subject
in the present example wears a pulse wave sensor on the
back side of the right wrist, and wears a skin conductivity
sensor on the front side of the left wrist. The graph (A)
shows the wavelength of a pulse wave measured by the pulse
wave sensor, and the graph (B) shows a first derivation of the
measured skin conductivity. The horizontal axes of the
graphs (A) and (B) indicate the number of samples of
sampling at 20 Hz, and the vertical axes indicate respective
signal indexes.

[0481] The subject watches a movie of a female singer
who has passed a talent finding contest while wearing the
respective sensors. In the graph (A), the period during which
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the wavelength of the pulse wave becomes gradually shorter
corresponds to a period during which the pulse rates gradu-
ally rises. Referring to the graphs (A) and (B), the period
during which the pulse rate gradually rises and the period
during which the skin conductivity gradually rises match.
That is, in both the sensors, changes are observed at the same
timing, and it can be said that the feeling of the subject was
detected in both the sensors. Therefore, in the present
specification, the pulse wave sensors used for measuring
pulses can replace sensors used for measurement of skin
conductivity.

Embodiment 25

[0482] FIG. 99 shows one example of the empathy detec-
tion system 500 according to Embodiment 25. The empathy
detection system 500 according to the present example is
implemented within a wrist band 336.

[0483] A feeling sensor, a vibrator and a communicator are
implemented in the one wrist band 336 (including a smart
watch), and two users respectively wear the wrist bands 336.
When the two feeling sensors detect feeling simultaneously,
the vibrators are vibrated to notify the users so as to monitor
empathy between the two users. The feeling sensors may
monitor changes in the wavelength of pulse wave signals or
the number of beats, and furthermore changes in blood
pressure computed from pulse wave signals, or may monitor
changes in the first derivation of the skin conductivity.
Changes in pulse waves are caused by exercising, changes
in skin conductivity are caused by deep breathing and
changes in signals of these feeling sensors are caused also by
contact failures. However, the empathy detection system
500 according to the present example can reduce misjudg-
ments attributable to factors other than feeling by monitor-
ing only empathy.

[0484] The vibrator can be realized by oscillators similar
to vibrators used in mobile phones in manner mode or
vibrators used in controllers of home game consoles. The
communicators directly connect the two wrist bands 336 by
Bluetooth (registered trademark). Note that although noti-
fication means is mainly vibration, notification may be done
by using any other means such as the sense of touch, light,
sound or temperature.

[0485] Also, the communicators can connect the two wrist
bands 336 to one smartphone by Bluetooth (registered
trademark), and indirectly connect the two wrist bands 336
via the smartphone. Alternatively, one wrist band and one
smartphone are connected by Bluetooth (registered trade-
mark), and two smartphones are connected by the Internet
through Wi-Fi (registered trademark) so as to enable indirect
connection of the two wrist bands.

[0486] The present implementation example does not limit
the number of users to two, but can be implemented even if
the number of users is three or more. In such a case,
notification about occurrence of empathy may be done only
to users who have contributed to empathy detection, or may
be done simultaneously to all users that can be connected
wirelessly. For example, by pre-registering the sex of a user
or by preparing a wrist band dedicated to each sex, it is
possible to devise a method to ignore occurrence of empathy
among the same sex.

[0487] By plotting, on a map or a facility plan view, a
position at which empathy has occurred, a feeling map with
less noises can be created. Also, by monitoring the intensity
of wireless signals connecting the two wrist bands 336, it is
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possible to judge the distance from partners, and the tech-
nique can be evolved into an application that indicates the
distance and direction to the partners so that the two users
will not get separated and lost.

Embodiment 26

[0488] FIG. 100 shows one example of the empathy
detection system 500 according to Embodiment 26. The
empathy detection system 500 according to the present
example is implemented in a videophone 590.

[0489] The videophone 590 detects a pulse wave signal
from each of an image of the face of a communication
partner and an image of the face captured by its own camera.
Also, the videophone 590 monitors changes in the wave-
length of pulse wave signals, the number of beats or blood
pressure to judge whether or not feeling has been detected
simultaneously. The videophone 590 displays the judged
feeling on a screen to notify a user about occurrence of
empathy. The judged feeling may be notified to a user by a
vibrator provided to a smartphone as occurrence of empathy.
Also, notification about occurrence of empathy may be done
by voice or a sound icon (chime) from a speaker of a
smartphone. Note that the videophone 590 can share occur-
rence of empathy with a communication partner by trans-
mitting, in addition to a video and audio, notification infor-
mation superimposed on the video and audio.

Embodiment 27

[0490] FIG. 101 shows one example of the empathy
detection system 500 according to Embodiment 27. The
empathy detection system 500 according to the present
example is implemented in a smartphone 595.

[0491] The smartphone 595 comprises an in-camera 596.
The smartphone 595 detects a pulse wave signal from an
image of a face captured by the in-camera 596. Changes in
the wavelength of pulse wave signals, the number of beats
or blood pressure are monitored in the pulse wave signal,
and feeling occurrence information is detected. The smart-
phone 595 transmits detected occurrence of feeling in a
social network/message exchange application (examples of
which include LINE (registered trademark) and Messenger
(registered trademark)). The smartphone 595 detects occur-
rence of empathy based on feeling occurrence information
of its own and feeling occurrence information transmitted
from a partner, and notifies occurrence of empathy to users
by using decoration functions of a message exchange appli-
cation (examples which include LINE (registered trade-
mark) stamps, and emojis)

[0492] In the present embodiment, feeling felt mutually
needs not occur temporally simultaneously. For example,
information indicating that feeling has occurred to one of
users while he/she is editing a message may be transmitted
to a partner together with a message, and feeling may occur
to the partner while he/she is editing a reply message. This
may be regarded as occurrence of empathy.

Embodiment 28

[0493] FIG. 102 shows one example of the empathy
detection system 500 according to Embodiment 28. The
empathy detection system 500 according to the present
example is implemented on a camera 600.

[0494] The camera 600 detects pulse wave signals from an
image of the face of each subject while an image of a
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plurality of subjects is captured. The camera 600 monitors
changes in the wavelength of pulse wave signals, the number
of beats or blood pressure to identify a pair of subjects
between which empathy has occurred. An image indicating
occurrence of empathy and the identified pair is superim-
posed on a photograph or moving image. The camera 600
may capture an image automatically at the timing of occur-
rence of empathy irrespective of whether or not the shutter
is pressed.

Embodiment 29

[0495] FIG. 103 shows one example of the empathy
detection system 500 according to Embodiment 29. The
empathy detection system 500 according to the present
example is implemented on a smartphone 605 comprising an
out-camera 606 and an in-camera 607.

[0496] The smartphone 605 detects a pulse wave signal
from each of an image of the face of a subject captured by
the out-camera 606 and an image of the face of a user
captured by the in-camera 607. The subject is not limited to
a human being, but may be a pet dog or cat, and the image
of the face of the subject may include the noses or tongues
of the pets. The smartphone 605 monitors changes in the
wavelength of pulse wave signals, the number of beats or
blood pressure to judge whether or not feeling has been
detected simultaneously. Occurrence of empathy is notified
to a user by a vibrator provided to the smartphone 605.
Notification of occurrence of empathy may be recorded as a
proof of empathy with a user by using an icon or audio
(guidance or sound icon) in a photograph or movie captured.
Alternatively, a photograph of the face of a user of the
in-camera 607 may be superimposed on a part of an image
of the out-camera 606 only when empathy has occurred.
[0497] The empathy detection system 500 disclosed in the
present specification utilizes a phenomenon in which the
same living body responses are caused simultaneously when
a plurality of users receive the same stimulus so as to reduce
misjudgments attributable to noises. For example, a phe-
nomenon in which the same responses of a living body are
caused simultaneously may mean a phenomenon in which
people cry at the same scene in a movie theater, people are
moved by the sudden appearance of a popular character at a
theme park, or two people who are physically distant and
having a conversation on the phone are moved at the same
time.

[0498] Due to the empathy detection system 500 disclosed
in the present specification, people can know mutual empa-
thy in real-time even in situations where they cannot com-
municate with each other such as situations where they
cannot see facial expressions of one another or cannot have
conversations. For example, a situation where people go to
amovie theater is considered. While watching a movie, they
cannot see faces of his/her company, and feel awkward to
talk with them, so they cannot know whether or not the
company felt empathy at a certain scene. But by wearing
wrist bands comprising biometric sensors on their wrists,
and causing the sensors to sense that they felt empathy and
to issue notifications by using vibrators similarly provided to
the wrist bands, empathy that is felt by the company can be
known in real-time without bothering the other audience.
[0499] FIG. 104 shows one example of the hardware
configuration of a computer 1900 according to the present
embodiment. The computer 1900 according to the present
embodiment comprises: a CPU peripheral unit having a
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CPU 2000, a RAM 2020, a graphics controller 2075 and a
display apparatus 2080 that are interconnected by a host
controller 2082; an input/output unit having a communica-
tion interface 2030, a hard disk drive 2040 and a CD-ROM
drive 2060 connected to the host controller 2082 by an
input/output controller 2084; and a legacy input/output unit
having a ROM 2010, a flexible disk drive 2050 and an
input/output chip 2070 connected to the input/output con-
troller 2084.

[0500] The host controller 2082 connects the RAM 2020,
and the CPU 2000 and graphics controller 2075 that access
the RAM 2020 at high transfer rates. The CPU 2000 operates
based on a program stored on the ROM 2010 and the RAM
2020, and controls each unit. The graphics controller 2075
acquires image data generated on a frame buffer provided
within the RAM 2020 by the CPU 2000 or the like, and
displays the image data on the display apparatus 2080.
Instead of this, the graphics controller 2075 may include
therein a frame buffer that stores image data generated by the
CPU 2000 or the like.

[0501] The input/output controller 2084 connects the host
controller 2082, and the communication interface 2030, hard
disk drive 2040 and CD-ROM drive 2060 that are relatively
high speed input/output apparatuses. The communication
interface 2030 communicates with other apparatuses via a
network. The hard disk drive 2040 stores therein a program
and data to be used by the CPU 2000 within the computer
1900. The CD-ROM drive 2060 reads out a program or data
from the CD-ROM 2095, and provides them to the hard disk
drive 2040 via the RAM 2020.

[0502] Also, the ROM 2010, and relatively low speed
input/output apparatuses of the flexible disk drive 2050 and
input/output chip 2070 are connected to the input/output
controller 2084. The ROM 2010 stores therein a boot-
program that the computer 1900 executes at the time of
start-up and/or a program that is dependent on hardware of
the computer 1900, or the like. The flexible disk drive 2050
reads out a program or data from the flexible disk 2090, and
provides them to the hard disk drive 2040 via the RAM
2020. The input/output chip 2070 connects the flexible disk
drive 2050 to the input/output controller 2084, and also
connects various types of input/output apparatuses to the
input/output controller 2084 via, for example, a parallel port,
a serial port, a keyboard port, a mouse port or the like.
[0503] A program to be provided to the hard disk drive
2040 via the RAM 2020 is provided by a user by being
stored in a recording medium such as the flexible disk 2090,
the CD-ROM 2095, an IC card or the like. The program is
read out from the recording medium, installed in the hard
disk drive 2040 within the computer 1900 via the RAM
2020, and executed in the CPU 2000.

[0504] The program installed on the computer 1900 and
causes the computer 1900 to function as a blood pressure
information output apparatus comprises a video input mod-
ule, blood pressure information output module and a pulse
information calculating module. These programs or modules
act on the CPU 2000 or the like to respectively cause the
computer 1900 to function as a blood pressure information
output apparatus.

[0505] The information processing described in the pro-
gram is read into the computer 1900 to function as the pulse
waveform information acquiring unit 21, the blood pressure
information output unit 30 and the pulse information calcu-
lating unit 40 which are specific means realized by coop-
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eration among software and the above-mentioned various
types of hardware resources. By realizing operations or
processes on information according to use purposes of the
computer 1900 in the present embodiment by means of these
specific means, the unique blood pressure information out-
put apparatus 100 and the real-time blood pressure infor-
mation output apparatus 101 according to the use purposes
are constructed.

[0506] Also, the program installed on the computer 1900
and causes the computer 1900 to function as a pulse wave
measuring apparatus comprises a pulse waveform informa-
tion acquiring module, a pulse wave feature amount calcu-
lating module, and a health information estimating module.
The program or modules act on the CPU 2000 or the like to
respectively cause the computer 1900 to function as a pulse
wave measuring apparatus.

[0507] The information processing described in the pro-
gram is read into the computer 1900 to function as the pulse
waveform information acquiring unit 60, the pulse wave
feature amount calculating unit 70 and the health informa-
tion estimating unit 85 which are specific means realized by
cooperation among software and the above-mentioned vari-
ous types of hardware resources. By realizing operations or
processes on information according to use purposes of the
computer 1900 in the present embodiment by means of these
specific means, the unique pulse wave measuring apparatus
102 according to the use purposes is constructed.

[0508] Inoneexample, when communication is performed
between the computer 1900 and an external apparatus or the
like, the CPU 2000 executes a communication program
loaded onto the RAM 2020, and based on the processing
contents described in the communication program, instructs
the communication interface 2030 to perform communica-
tion processing. Under control of the CPU 2000, the com-
munication interface 2030 reads out transmitted data memo-
rized in a transmission buffer region or the like provided on
a storage such as the RAM 2020, the hard disk drive 2040,
the flexible disk 2090 or the CD-ROM 2095 to transmit the
data to a network, or writes received data received from a
network into a reception buffer region or the like provided
on a storage. In this manner, the communication interface
2030 may transfer transmitted/received data between stor-
ages by the DMA (direct memory access) system, or instead
of this, the CPU 2000 may transfer transmitted/received data
by reading out data from a transfer source storage or
communication interface 2030, and writing the data into a
transfer destination communication interface 2030 or stor-
age.

[0509] Also, the CPU 2000 causes all or necessary por-
tions of files, databases or the like stored in an external
storage such as the hard disk drive 2040, the CD-ROM drive
2060 (CD-ROM 2095) or the flexible disk drive 2050
(flexible disk 2090) to be read into the RAM 2020 by the
DMA transfer or other systems, and performs various types
of processing on the data on the RAM 2020. The CPU 2000
writes the data on which processing has been performed
back into an external storage by the DMA transfer or other
systems. Because in such processing, the RAM 2020 can be
regarded as retaining contents of the external storage tem-
porarily, the RAM 2020 and the external storage or the like
are collectively called a memory, a storage unit, a storage or
the like in the present embodiment. Various types of infor-
mation such as various types of programs, data, tables,
databases or the like in the present embodiment are stored in
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such a storage, and are subjected to information processing.
Note that the CPU 2000 can also retain a portion of the RAM
2020 on a cache memory, and read out from and write in the
cache memory. Because in such an embodiment also, the
cache memory plays some of the functions of the RAM
2020, in the present embodiment, the cache memory is also
regarded as being included in the RAM 2020, a memory
and/or a storage unless otherwise they are distinguished
from each other.

[0510] Also, the CPU 2000 performs, on data read out
from the RAM 2020, various types of processing including
various types of operation, information processing, condi-
tional judgment, information search/replacement or the like
described in the present embodiment that are specified in an
instruction sequence of a program, and writes the data back
into the RAM 2020. For example, when performing condi-
tional judgment, the CPU 2000 compares various types of
variables shown in the present embodiment to judge whether
they meet conditions such as being larger than, smaller than,
equal to or larger than, equal to or smaller than other
variables or constants, and when a condition is met (or when
it is not met) branches to a different instruction sequence or
calls up a subroutine.

[0511] Also, the CPU 2000 can search information stored
in files, databases or the like in a storage. For example, when
a plurality of entries in which attribute values of a second
attribute are respectively associated with attribute values of
a first attribute are stored in a storage, the CPU 2000
searches, from among the plurality of entries stored in the
storage, an entry whose attribute value of the first attribute
matches a specified condition, and reads out the attribute
value of the second attribute stored in the entry, thereby
obtaining the attribute value of the second attribute associ-
ated with the first attribute that meets a predetermined
condition.

[0512] The operations, procedures, steps, and stages of
each process performed by an apparatus, system, program,
and method shown in the claims, embodiments, or diagrams
can be performed in any order as long as the order is not
indicated by “prior to,” “before,” or the like and as long as
the output from a previous process is not used in a later
process. Even if the process flow is described using phrases
such as “first” or “next” in the claims, embodiments, or
diagrams, it does not necessarily mean that the process must
be performed in this order.

[0513] The program or module shown above may be
stored in an external recording medium. As the recording
medium, other than the flexible disk 2090 and the CD-ROM
2095, an optical recording medium such as DVDs or CDs,
a magneto-optical recording medium such as MOs, a tape
medium, a semiconductor memory such as IC cards or the
like may be used. Also, a storage such as a hard disk or a
RAM provided to a server system connected to a dedicated
communication network or the Internet may be used as the
recording medium, and may provide the program to the
computer 1900 via a network

[0514] Implementation Aspects of the embodiments
explained above are shown below.

[Implementation Aspect 1]

[0515] A blood pressure information output apparatus
comprising: a pulse waveform information acquiring unit
that optically acquires pulse waveform information from a
region of a living body;
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[0516] a pulse information calculating unit that calculates
a pulse rate of the living body by frequency analysis based
on the pulse waveform information, and calculates temporal
information of a pulse wave of the living body based on the
pulse waveform information; and

[0517] a blood pressure information output unit that esti-
mates and outputs blood pressure information of the living
body based on the pulse rate and the temporal information.

[Implementation Aspect 2]

[0518] The blood pressure information output apparatus
according to Implementation Aspect 1, wherein the temporal
information is at least one of rising time of the pulse wave
and falling time of the pulse wave.

[Implementation Aspect 3]

[0519] The blood pressure information output apparatus
according to Implementation Aspect 1 or 2, wherein the
region is a nose of the living body.

[Implementation Aspect 4]

[0520] The blood pressure information output apparatus
according to Implementation Aspect 1 or 2, wherein the
region is a fingertip of the living body.

[Implementation Aspect 5]

[0521] The blood pressure information output apparatus
according to any one of Implementation Aspects 2 to 4,
wherein the blood pressure information output unit estimates
and outputs the blood pressure information based on a
square of the temporal information.

[Implementation Aspect 6]

[0522] The blood pressure information output apparatus
according to any one of Implementation Aspect 1 to 5,
wherein the blood pressure information indicates at least one
of a blood pressure, a blood pressure state, arteriosclerosis,
a vascular age and a predisposition to stroke.

[Implementation Aspect 7]

[0523] The blood pressure information output apparatus
according to any one of Implementation Aspects 1 to 6,
wherein the pulse information calculating unit calculates the
temporal information based on the pulse rate calculated by
the frequency analysis and the pulse waveform information.

[Implementation Aspect 8]

[0524] A blood pressure information output apparatus
comprising:
[0525] a video input unit that receives an input of a video

of a region of a living body;

[0526] a pulse information calculating unit that calculates
a pulse rate of the living body and temporal information of
a pulse wave of the living body based on the video; and
[0527] a blood pressure information output unit that esti-
mates and outputs blood pressure information of the living
body based on the pulse rate and the temporal information.

[Implementation Aspect 9]

[0528] The blood pressure information output apparatus
according to Implementation Aspect 8, wherein the temporal
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information is at least one of rising time of the pulse wave
and falling time of the pulse wave.

[Implementation Aspect 10]

[0529] The blood pressure information output apparatus
according to Implementation Aspect 9, wherein the pulse
information calculating unit includes:

[0530] a pulse wave component signal extracting unit that
extracts a pulse wave component signal of the living body
from the video;

[0531] a pulse rate calculating unit that calculates a pulse
rate of the living body from the pulse wave component
signal; and

[0532] a temporal information calculating unit that calcu-
lates at least one of the rising time and the falling time from
the pulse wave component signal.

[Implementation Aspect 11]

[0533] The blood pressure information output apparatus
according to Implementation Aspect 10, wherein the pulse
rate calculating unit calculates the pulse rate based on
frequency analysis.

[Implementation Aspect 12]

[0534] The blood pressure information output apparatus
according to Implementation Aspect 11, wherein the fre-
quency analysis is discrete-time analysis, and the number of
points of the pulse wave component signal input in the
discrete-time analysis is 128 points per window.

[Implementation Aspect 13]

[0535] The blood pressure information output apparatus
according to Implementation Aspect 12, wherein the fre-
quency analysis is FFT analysis.

[Implementation Aspect 14]

[0536] The blood pressure information output apparatus
according to Implementation Aspect 12, wherein the fre-
quency analysis is wavelet analysis.

[Implementation Aspect 15]

[0537] The blood pressure information output apparatus
according to any one of Implementation Aspects 10 to 14,
wherein the temporal information calculating unit calculates
the temporal information based on first-order differentiation
of the pulse wave component signal.

[Implementation Aspect 16]

[0538] The blood pressure information output apparatus
according to any one of Implementation Aspects 8 to 15,
wherein the region is a nose of the living body.

[Implementation Aspect 17]

[0539] The blood pressure information output apparatus
according to any one of Implementation Aspects 7 to 15,
wherein the region is a fingertip of the living body.

[Implementation Aspect 18]

[0540] The blood pressure information output apparatus
according to any one of Implementation Aspects 8 to 17,
wherein the blood pressure information output unit estimates
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and outputs the blood pressure information based on a
square of the temporal information.

[Implementation Aspect 19]

[0541] The blood pressure information output apparatus
according to any one of Implementation Aspects 8 to 18,
wherein the blood pressure information indicates at least one
of a blood pressure, a blood pressure state, arteriosclerosis,
a vascular age and a predisposition to stroke.

[Implementation Aspect 20]

[0542] The blood pressure information output apparatus
according to any one of Implementation Aspects 8 to 19,
further comprising an information input apparatus to be used
when the living body inputs information to the blood pres-
sure information output apparatus, wherein

[0543] the blood pressure information output unit has a
display, and displays the blood pressure information on the
display when input to the information input apparatus has
not been made for a predetermined length of time.

[Implementation Aspect 21]

[0544] The blood pressure information output apparatus
according to Implementation Aspect 20, wherein the blood
pressure information output unit stops displaying the blood
pressure information on the display when information has
been input to the information input apparatus.

[Implementation Aspect 22]

[0545] The blood pressure information output apparatus
according to Implementation Aspect 20 or 21, wherein the
information input apparatus is a keyboard or a mouse.

[Implementation Aspect 23]

[0546] The blood pressure information output apparatus
according to any one of Implementation Aspects 8 to 19,
wherein the blood pressure information output unit has a
display, and displays, as a screen saver, the blood pressure
information on the display.

[Implementation Aspect 24]

[0547] A blood pressure information output program that
causes a computer to function as the blood pressure infor-
mation output apparatus according to any one of Implemen-
tation Aspects 8§ to 23.

[Implementation Aspect 25]

[0548] A medium having the blood pressure information
output program according to Implementation Aspect 24.

[Implementation Aspect 26]

[0549] A blood pressure information output method to be
executed by a computer, the method comprising:

[0550] acquiring a video of a single region of a living
body; calculating of a pulse rate of the living body and
temporal information of a pulse wave of the living body
based on the video; and

[0551] estimating and outputting blood pressure informa-
tion of the living body based on the pulse rate and the
temporal information.
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[Implementation Aspect 27]

[0552] A blood pressure information output apparatus
comptrising:
[0553] a video input unit that receives an input of a video

of a single region of a living body; and

[0554] a blood pressure information output unit that out-
puts blood pressure information of the living body based on
the video.

[Implementation Aspect 28]

[0555] The blood pressure information output apparatus
according to Implementation Aspect 27, wherein the video
input unit has a camera that captures the video.

[Implementation Aspect 29]

[0556] The blood pressure information output apparatus
according to Implementation Aspect 27, wherein the blood
pressure information output unit has a display that displays
the blood pressure information.

[Implementation Aspect 30]

[0557] The blood pressure information output apparatus
Implementation Aspect 29, further comprising an informa-
tion input apparatus through which the living body inputs
information, wherein

[0558] the blood pressure information output unit displays
the blood pressure information on the display when input to
the information input apparatus has not been made for a
predetermined length of time.

[Implementation Aspect 31]

[0559] The blood pressure information output apparatus
according to Implementation Aspect 30, wherein the blood
pressure information output unit stops displaying the blood
pressure information on the display when information has
been input to the information input apparatus.

[Implementation Aspect 32]

[0560] The blood pressure information output apparatus
according to Implementation Aspect 30, wherein the infor-
mation input apparatus is a keyboard or a mouse.

[Implementation Aspect 33]

[0561] The blood pressure information output apparatus
according to Implementation Aspect 29, wherein the blood
pressure information output unit displays, as a screen saver,
the blood pressure information on the display.

[Implementation Aspect 34]

[0562] The blood pressure information output apparatus
according to Implementation Aspect 27, wherein the blood
pressure information output unit has a speaker that outputs
the blood pressure information.

[Implementation Aspect 35]

[0563] The blood pressure information output apparatus
according to Implementation Aspect 27, wherein the blood
pressure information output unit transmits the blood pres-
sure information to electronic equipment.
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[Implementation Aspect 36]

[0564] The blood pressure information output apparatus
according to Implementation Aspect 27, wherein the blood
pressure information output unit transmits the blood pres-
sure information to a database at a medical institution.

[Implementation Aspect 37]

[0565] The blood pressure information output apparatus
according to Implementation Aspect 27, wherein the video
is a video of a nose of the living body.

[Implementation Aspect 38]

[0566] The blood pressure information output apparatus
according to Implementation Aspect 27, wherein the video
is a video of a fingertip of the living body.

[Implementation Aspect 39]

[0567] A medium having a program that causes a com-
puter to function as the blood pressure information output
apparatus according to Implementation Aspect 27.

[Implementation Aspect 40]

[0568] A blood pressure information output method to be
executed by a computer, the method comprising:

[0569] inputting a video of a single region of a living
body; and outputting blood pressure information of the
living body based on the video.

[Implementation Aspect 41]

[0570] The blood pressure information output method
according to Implementation Aspect 40, further comprising
acquiring the video by a camera.

[Implementation Aspect 42]

[0571] The blood pressure information output method
according to Implementation Aspect 40, further comprising
displaying the blood pressure information on a display.

[Implementation Aspect 43]

[0572] The blood pressure information output method
according to Implementation Aspect 42, wherein the dis-
playing is to display the blood pressure information on the
display when the living body has not input information to the
information input apparatus for a predetermined length of
time.

[Tmplementation Aspect 44]

[0573] The blood pressure information output method
according to Implementation Aspect 43, wherein displaying
the blood pressure information on the display is stopped
when information has been input to the information input
apparatus.

[Implementation Aspect 45]

[0574] The blood pressure information output method
according to Implementation Aspect 43, wherein the infor-
mation input apparatus is a keyboard or a mouse.
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[Implementation Aspect 46]

[0575] The blood pressure information output method
according to Implementation Aspect 42, wherein the dis-
playing is to display, as a screen saver, the blood pressure
information on the display.

[Implementation Aspect 47]

[0576] The blood pressure information output method
according to Implementation Aspect 40, further comprising
transmitting the blood pressure information to electronic
equipment.

[Implementation Aspect 48]

[0577] The blood pressure information output method
according to Implementation Aspect 40, further comprising
transmitting the blood pressure information to a database at
a medical institution.

[Implementation Aspect 49]

[0578] A real-time blood pressure information output
apparatus, comprising:
[0579] afacial video input unit that receives an input of
a facial video of a living body; and

[0580] a real-time blood pressure information output
unit that outputs real-time blood pressure information
of the living body based on the facial video.

[Implementation Aspect 50]

[0581] The real-time blood pressure information output
apparatus according to Implementation Aspect 49, wherein
the facial video input unit has a camera that captures the
facial video.

[Implementation Aspect 51]

[0582] The real-time blood pressure information output
apparatus according to Implementation Aspect 49, wherein
the real-time blood pressure information output unit has a
display that displays the real-time blood pressure informa-
tion.

[Implementation Aspect 52]

[0583] The real-time blood pressure information output
apparatus according to Implementation Aspect 51, further
comprising an information input apparatus through which
the living body inputs information, wherein

[0584] the real-time blood pressure information output
unit displays the real-time blood pressure information on the
display when input to the information input apparatus has
not been made for a predetermined length of time.

[Implementation Aspect 53]

[0585] The real-time blood pressure information output
apparatus according to Implementation Aspect 52, wherein
the real-time blood pressure information output unit stops
displaying the real-time blood pressure information on the
display when information has been input to the information
input apparatus.
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[Implementation Aspect 54]

[0586] The real-time blood pressure information output
apparatus according to Implementation Aspect 52, wherein
the information input apparatus is a keyboard or a mouse.

[Tmplementation Aspect 55]

[0587] The real-time blood pressure information output
apparatus according to Implementation Aspect 51, wherein
the blood pressure information output unit displays, as a
screen saver, the real-time blood pressure information on the
display.

[Implementation Aspect 56]

[0588] The real-time blood pressure information output
apparatus according to Implementation Aspect 49, wherein
the real-time blood pressure information output unit has a
speaker that outputs the real-time blood pressure informa-
tion.

[Implementation Aspect 57]

[0589] The real-time blood pressure information output
apparatus according to Implementation Aspect 49, wherein
the real-time blood pressure information output unit trans-
mits the real-time blood pressure information to electronic
equipment.

[Implementation Aspect 58]

[0590] The real-time blood pressure information output
apparatus according to Implementation Aspect 49, wherein
the real-time blood pressure information output unit trans-
mits the real-time blood pressure information to a database
at a medical institution.

[Implementation Aspect 59]

[0591] The real-time blood pressure information output
apparatus according to Implementation Aspect 49, wherein
the facial video is a video of a nose of the living body.

[Implementation Aspect 60]

[0592] A medium having a program that causes a com-
puter to function as the real-time blood pressure information
output apparatus according to Implementation Aspect 49.

[Implementation Aspect 61]

[0593] A real-time blood pressure information output
method to be executed by a computer, the method compris-
ing:

[0594] inputting a facial video of a living body; and
outputting real-time blood pressure information of the living
body based on the facial video.

[Implementation Aspect 62]

[0595] The real-time blood pressure information output
method according to Implementation Aspect 61, further
comprising acquiring the facial video by a camera.
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[Implementation Aspect 63]

[0596] The real-time blood pressure information output
method according to Implementation Aspect 62, further
comprising displaying the real-time blood pressure informa-
tion on a display.

[Implementation Aspect 64]

[0597] The real-time blood pressure information output
method according to Implementation Aspect 63, wherein the
displaying is to display the real-time blood pressure infor-
mation on the display when the living body has not input
information to an information input apparatus for a prede-
termined length of time.

[Implementation Aspect 65]

[0598] The real-time blood pressure information output
method according to Implementation Aspect 64, further
comprising stopping displaying the real-time blood pressure
information when information has been input to the infor-
mation input apparatus.

[Implementation Aspect 66]

[0599] The real-time blood pressure information output
method according to Implementation Aspect 64, wherein the
information input apparatus is a keyboard or a mouse.

[Implementation Aspect 67]

[0600] The real-time blood pressure information output
method according to Implementation Aspect 63, wherein the
displaying is to display, as a screen saver, the real-time blood
pressure information on the display.

[Implementation Aspect 68]

[0601] The real-time blood pressure information output
method according to Implementation Aspect 61, further
comprising transmitting the real-time blood pressure infor-
mation to electronic equipment.

[Implementation Aspect 69]

[0602] The real-time blood pressure information output
method according to Implementation Aspect 61, further
comprising transmitting the real-time blood pressure infor-
mation to a database at a medical institution.

[Implementation Aspect 70]

[0603] A healthcare screen saver computer, comprising:

[0604] a facial video input unit that receives an input of a
facial video of a living body; and

[0605] a blood pressure information display display that
displays, as a screen saver, blood pressure information of the
living body based on the facial video.

[Implementation Aspect 71]

[0606] A head mount display comprising:

[0607] a video input unit that receives an input of a video
of a living body; and

[0608] a blood pressure information display unit that dis-
plays blood pressure information based on the video.
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[Implementation Aspect 72]

[0609] A wristwatch comprising:

[0610] a pulse waveform information acquiring unit that
acquires pulse waveform information of a living body; and
[0611] a blood pressure information display unit that dis-
plays blood pressure information based on the pulse wave-
form information.

[Implementation Aspect 73]

[0612] A blood pressure information output apparatus
comprising:
[0613] a video receiving unit that receives a video of a

living body acquired by a head mount display; and

[0614] a blood pressure information output unit that out-
puts blood pressure information via wireless communication
based on the video.

[Implementation Aspect 74]

[0615] The blood pressure information output apparatus
according to Implementation Aspect 73, wherein the wire-
less communication is BlueTooth (registered trademark).

[Implementation Aspect 75]

[0616] The blood pressure information output apparatus
according to Implementation Aspect 74, wherein the wire-
less communication is Wi-Fi (registered trademark).

[Implementation Aspect 76]

[0617] A blood pressure information output apparatus
comprising:
[0618] a pulse waveform information receiving unit that

receives pulse waveform information of a living body
acquired by a wristwatch; and

[0619] a blood pressure information output unit that out-
puts blood pressure information via wireless communication
based on the pulse waveform information.

[Implementation Aspect 77]

[0620] The blood pressure information output apparatus
according to Implementation Aspect 76, wherein the wire-
less communication is BlueTooth (registered trademark).

[Implementation Aspect 78]

[0621] The blood pressure information output apparatus
according to Implementation Aspect 77, wherein the wire-
less communication is Wi-Fi (registered trademark).

[Implementation Aspect 79]

[0622] A blood pressure information output apparatus
comprising:
[0623] a video input unit that receives an input of a video

of a living body;

[0624] a video transmitting unit that transmits the video to
a network server;

[0625] a blood pressure information receiving unit that
receives blood pressure information from the network
server; and

[0626] a blood pressure information output unit that out-
puts the blood pressure information.
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[Implementation Aspect 80]

[0627] A mood monitor comprising:

[0628] a video input unit that receives an input of a video
of a living body; and

[0629] a mood display unit that displays mood informa-
tion of the living body based on the video.

[Implementation Aspect 81]

[0630] The mood monitor according to Implementation
Aspect 80, wherein

[0631] the video input unit receives an input of a video of
a plurality of living bodies, and

[0632] the mood display unit displays mood information
of the plurality of living bodies.

[Implementation Aspect 82]

[0633] A mirror comprising;

[0634] a video input unit that receives an input of a video
of a living body; and

[0635] a blood pressure information display unit that dis-
plays blood pressure information of the living body based on
the video.

[Implementation Aspect 83]

[0636] A health monitor comprising:

[0637] a camera that acquires a video of a living body on
a bed; and

[0638] a mobile device that receives the video to output

blood pressure information of the living body.

[Implementation Aspect 84]

[0639] An operator monitoring system comprising:
[0640] an operation control room camera that acquires a
video of a vehicle operator; and

[0641] a physical condition information output computer
that receives the video to output physical condition infor-
mation of the operator.

[Implementation Aspect 85]

[0642] The operator monitoring system according to
Implementation Aspect 84, further comprising an alarm
output unit that receives the physical condition information
to output an alarm.

[Implementation Aspect 86]

[0643] A player monitor system comprising:

[0644] a game controller that has a camera that acquires a
video of a game player; and

[0645] a game console main body that receives the video
to transmit information of the game player to a network
game server, and game progression of which is controlled by
the network game server.

[Implementation Aspect 87]

[0646] A viewer monitoring system comprising:

[0647] a camera that receives an input of a video of a
viewer; and

[0648] a contents display control television that controls

display of contents based on the video.
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[Implementation Aspect 88]

[0649] The viewer monitoring system according to Imple-
mentation Aspect 87, wherein the contents display control
television is shut down when the viewer is experiencing
photosensitive epilepsy.

[Implementation Aspect 89]

[0650] The viewer monitoring system according to Imple-
mentation Aspect 87, wherein the contents display control
television is shut down when having received contents that
are likely to cause photosensitive epilepsy to the viewer.
[0651] While the embodiments of the present invention
have been described, the technical scope of the invention is
not limited to the above described embodiments. It is
apparent to persons skilled in the art that various alterations
and improvements can be added to the above-described
embodiments. It is also apparent from the scope of the
claims that the embodiments added with such alterations or
improvements can be included in the technical scope of the
invention.

[0652] The operations, procedures, steps, and stages of
each process performed by an apparatus, system, program,
and method shown in the claims, embodiments, or diagrams
can be performed in any order as long as the order is not
indicated by “prior to,” “before,” or the like and as long as
the output from a previous process is not used in a later
process. Even if the process flow is described using phrases
such as “first” or “next” in the claims, embodiments, or
diagrams, it does not necessarily mean that the process must
be performed in this order.

[0653] As made clear from the above, the embodiments of
the present invention can be used to realize a pulse wave
measuring device, a mobile device, a medical equipment
system and a biological information communication system.

What is claimed is:

1. A pulse wave measuring apparatus comprising:

a pulse waveform information acquiring unit that opti-
cally acquires pulse waveform information from a
region of a living body; and

a pulse wave feature amount calculating unit that calcu-
lates a pulse wave feature amount based on the pulse
waveform information.

2. The pulse wave measuring apparatus according to

claim 1, wherein

the pulse waveform information acquiring unit has a
video input unit that receives an input of a video of the
region of the living body,

the pulse waveform information acquiring unit outputs,
from the video, the pulse waveform information and
whose sampling rate is fixed to a predetermined rate
based on a reference signal indicating time.

3. The pulse wave measuring apparatus according to
claim 2, wherein the reference signal is a timestamp
included in a frame configuring the video.

4. The pulse wave measuring apparatus according to
claim 2, wherein

the video includes light emitted by an illumination driven
by an AC power supply, and

the reference signal is a signal according to a luminance
frequency of the illumination.

5. The pulse wave measuring apparatus according to

claim 1, wherein the pulse wave feature amount includes at
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least one of a pulse rate, a time interval of feature points of
a pulse wave, and an amplitude of feature points of a pulse
wave.

6. The pulse wave measuring apparatus according to
claim 2, further comprising a health information estimating
unit that estimates health information of the living body
based on the pulse wave feature amount.

7. The pulse wave measuring apparatus according to
claim 6, wherein

the pulse wave feature amount calculating unit has a pulse

information calculating unit that calculates a pulse rate
of the living body by frequency analysis based on the
pulse waveform information, and calculates temporal
information of a pulse wave of the living body based on
the pulse waveform information, and

the health information estimating unit has a blood pres-

sure information output unit that estimates and outputs
blood pressure information of the living body based on
the pulse rate and the temporal information.

8. The pulse wave measuring apparatus according to
claim 7, wherein the temporal information includes at least
one of rising time of the pulse wave, falling time of the pulse
wave, and a length of time between any two points of a
rising zero-cross point, a falling zero-cross point, a top peak
and a bottom peak in a first-order differentiation signal
corresponding to one pulse of the pulse wave.

9. The pulse wave measuring apparatus according to
claim 8, wherein the temporal information includes at least
either of the rising time and the falling time, and

the blood pressure information output unit estimates and

outputs the blood pressure information based on a
square of the temporal information.

10. The pulse wave measuring apparatus according to
claim 7, wherein the pulse information calculating unit
calculates the temporal information based on the pulse rate
calculated by the frequency analysis and the pulse waveform
information.

11. The pulse wave measuring apparatus according to
claim 8, wherein the temporal information includes first
time, and second time different from the first time, and

the pulse information calculating unit calculates indepen-

dently each of the first time and the second time.

12. The pulse wave measuring apparatus according to
claim 11, wherein the blood pressure information output
unit:

estimates a systolic blood pressure of the living body

based on the pulse rate and the first time;
estimates a diastolic blood pressure of the living body
based on the pulse rate and the second time; and

outputs information indicating the estimated systolic
blood pressure and the estimated diastolic blood pres-
sure as the blood pressure information.

13. The pulse wave measuring apparatus according to
claim 8, wherein

the temporal information includes the rising time and the

falling time, and

the pulse information calculating unit calculates indepen-

dently each of the rising time and the falling time.

14. The pulse wave measuring apparatus according to
claim 13, wherein the blood pressure information output
unit:

estimates a systolic blood pressure of the living body

based on the pulse rate and the rising time;

Oct. 20, 2016

estimates a diastolic blood pressure of the living body
based on the pulse rate and the falling time; and

outputs information indicating the estimated systolic
blood pressure and the estimated diastolic blood pres-
sure as the blood pressure information.

15. The pulse wave measuring apparatus according to
claim 14, wherein the blood pressure information output
unit:

estimates a systolic blood pressure of the living body
based on the pulse rate, the rising time, and a length of
time between the rising zero-cross point and the top
peak;

estimates a diastolic blood pressure of the living body
based on the pulse rate, the falling time, and a length of
time between the bottom peak and the rising zero-cross
point; and

outputs information indicating the estimated systolic
blood pressure and the estimated diastolic blood pres-
sure as the blood pressure information.

16. The pulse wave measuring apparatus according to

claim 6, wherein

the pulse waveform information acquiring unit has a
video input unit that receives an input of a video of the
region of the living body,

the pulse wave feature amount calculating unit has a pulse
information calculating unit that calculates a pulse rate
of the living body and temporal information of a pulse
wave of the living body based on the video, and

the health information estimating unit has a blood pres-
sure information output unit that estimates and outputs
blood pressure information of the living body based on
the pulse rate and the temporal information.

17. The pulse wave measuring apparatus according to
claim 16, wherein the temporal information includes at least
one of rising time of the pulse wave and falling time of the
pulse wave.

18. The pulse wave measuring apparatus according to
claim 17, wherein the pulse information calculating unit
includes:

a pulse wave component signal extracting unit that
extracts a pulse wave component signal of the living
body from the video;

a pulse rate calculating unit that calculates a pulse rate of
the living body from the pulse wave component signal;
and

a temporal information calculating unit that calculates at
least one of the rising time and the falling time from the
pulse wave component signal.

19. The pulse wave measuring apparatus according to
claim 18, wherein the pulse rate calculating unit calculates
the pulse rate based on a result of frequency analysis on the
pulse wave component signal.

20. The pulse wave measuring apparatus according to
claim 19, wherein the frequency analysis is FFT analysis or
wavelet analysis.

21. The pulse wave measuring apparatus according to
claim 18, wherein the temporal information calculating unit
calculates the temporal information based on first-order
differentiation of the pulse wave component signal.

22. The pulse wave measuring apparatus according to
claim 18, wherein

the temporal information includes first time, and second
time different from the first time, and
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the pulse information calculating unit calculates indepen-

dently each of the first time and the second time.

23. The pulse wave measuring apparatus according to
claim 22, wherein the blood pressure information output
unit:

estimates a systolic blood pressure of the living body

based on the pulse rate and the first time;
estimates a diastolic blood pressure of the living body
based on the pulse rate and the second time, and

outputs information indicating the estimated systolic
blood pressure and the estimated diastolic blood pres-
sure as the blood pressure information.

24. The pulse wave measuring apparatus according to
claim 18, wherein

the temporal information includes the rising time and the

falling time, and

the pulse information calculating unit calculates indepen-

dently each of the rising time and the falling time.

25. The pulse wave measuring apparatus according to
claim 24, wherein the blood pressure information output
unit:

estimates a systolic blood pressure of the living body

based on the pulse rate and the rising time;
estimates a diastolic blood pressure of the living body
based on the pulse rate and the falling time; and

outputs information indicating the estimated systolic
blood pressure and the estimated diastolic blood pres-
sure as the blood pressure information.

26. The pulse wave measuring apparatus according to
claim 18, wherein

the pulse information calculating unit further calculates a

length of time between a rising zero-cross point and a
top peak and a length of time between a bottom peak
and a rising zero-cross point in a first-order differen-
tiation signal corresponding to one pulse of the pulse
wave component signal, and

the blood pressure information output unit estimates and

outputs the blood pressure information based further on
a length of time between the rising zero-cross point and
the top peak and a length of time between the bottom
peak and the rising zero-cross point.

27. The pulse wave measuring apparatus according to
claim 26, wherein the blood pressure information output
unit:

estimates a systolic blood pressure of the living body

based on the pulse rate, the rising time, and a length of
time between the rising zero-cross point and the top
peak:

estimates a diastolic blood pressure of the living body

based on the pulse rate, the falling time, and a length of
time between the bottom peak and the rising zero-cross
point; and

outputs information indicating the estimated systolic

blood pressure and the estimated diastolic blood pres-
sure as the blood pressure information.

28. The pulse wave measuring apparatus according to
claim 16, wherein the blood pressure information output unit
estimates and outputs the blood pressure information based
on a square of the temporal information.

29. The pulse wave measuring apparatus according to
claim 7, wherein the region is a nose of the living body.

30. The pulse wave measuring apparatus according to
claim 7, wherein the region is a fingertip of the living body.

Oct. 20, 2016

31. The pulse wave measuring apparatus according to
claim 7, wherein the blood pressure information indicates at
least one of a blood pressure, a blood pressure state, arte-
riosclerosis, a vascular age and a predisposition to stroke.

32. The pulse wave measuring apparatus according to
claim 6, further comprising an attribute information acquit-
ing unit that acquires attribute information of the living body
from the pulse waveform information or the video of the
region of the living body,
wherein

the health information estimating unit estimates health

information of the living body based on the attribute
information and the pulse wave feature amount.

33. The pulse wave measuring apparatus according to
claim 32, wherein the attribute information includes at least
one of a sex, an age, a generation, a blood type, a birthplace,
a nationality, a mother tongue, a race and a build.

34. A mobile device comprising:

the pulse wave measuring apparatus according to claim

32; and

a display that displays at least either of the attribute

information and the health information.

35. The mobile device according to claim 34, wherein

the pulse wave measuring apparatus further has a personal

identification information acquiring unit that acquires
personal identification information of the living body
from the video,

the mobile device further comprises a storage unit that

memorizes the personal identification information and
past health information of the living body,

health information of the living body is estimated when

personal identification information memorized in the
storage unit and personal identification information
acquired by the personal identification information
acquiring unit match, and

health information of the living body is not estimated

when the personal identification information memo-
rized in the storage unit and personal identification
information acquired by the personal identification
information acquiring unit do not match.

36. A medical equipment system comprising:

the pulse wave measuring apparatus according to claim 6;

and

medical equipment controlled based on the health infor-

mation.

37. The medical equipment system according to claim 36,
wherein the medical equipment is a dialysis apparatus that
controls a dialysis flow rate based on the health information.

38. The medical equipment system according to claim 37,
wherein the pulse wave measuring apparatus controls the
dialysis flow rate of the dialysis apparatus based on the
health information.

39. The medical equipment system according to claim 37,
wherein the health information is blood pressure informa-
tion.

40. The medical equipment system according to claim 37,
wherein the pulse wave measuring apparatus or the dialysis
apparatus transmits the health information to a data man-
agement system at a medical institution.

41. The medical equipment system according to claim 40,
wherein the pulse wave measuring apparatus or the dialysis
apparatus:
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transmits the health information or an alarm to the data
management system when the health information is not
within a predetermined range, and

does not transmit the health information or an alarm to the

data management system when the health information
is within the predetermined range.

42. The medical equipment system according to claim 41,
wherein upon receiving the health information or the alarm,
the data management system outputs an alarm.

43. The medical equipment system according to claim 37,
wherein the dialysis apparatus has a display that displays the
health information.

44. A biological information communication system, hav-
ing a plurality of the pulse wave measuring apparatuses
according to claim 6 and comprising a correlation judging
unit that judges respective correlations of a plurality of pulse
wave feature amounts or pieces of health information cal-
culated by the plurality of the pulse wave measuring appa-
ratuses, wherein
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when there is a correlation that is higher than a predeter-
mined value among the respective correlations, the
correlation judging unit transmits, to a pulse wave
measuring apparatus that calculates a corresponding
pulse wave feature amount among the plurality of pulse
wave feature amounts, information indicating that the
correlation is higher than the predetermined value.

45. A biological information communication system hav-
ing the two pulse wave measuring apparatuses according to
claim 6, wherein

at least one of the two pulse wave measuring apparatuses
judges a correlation of two pulse wave feature amounts
calculated by the two pulse wave measuring appara-
tuses, and when the correlation is higher than a prede-
termined value, outputs information indicating that the
correlation is higher than the predetermined value.

* ok %k
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