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PHYSIOLOGICAL INFORMATION
MEASUREMENT SYSTEM AND METHOD
THEREOF

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application also claims priority to Taiwan
Patent Application No. 101146641 filed in the Taiwan Patent
Office on Dec. 11, 2012, the entire content of which is incor-
porated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a physiological
information measurement system and method, and more par-
ticularly, to a system and a method for physiological infor-
mation measurement.

BACKGROUND

[0003] Heart rate, an index for cardiovascular disease, and
respiratory rate, an index for sleep apnea, are important physi-
ological information for human body. Medical personnel
often determine physiological condition of patients according
to the heart rate and the respiratory rate.

[0004] Conventional heart rate measuring equipments
include pulse oximeter, sphygmomanometer and electrocar-
diograph. Conventional respiratory rate measuring equip-
ments include spirometer, impedance pneumography and res-
piratory inductive plethysmography.

[0005] Measurement by the described equipments is
almost contact-based, which often causes the patients dis-
comfort. Besides, the equipments are expensive and seldom
used by ordinary people.

[0006] To prevent the discomfort caused by the contact-
based equipments, contact-free measuring equipments are
therefore developed.

[0007] The contact-free measuring equipment utilizes
single camera and single video region as a signal source
which can correctly operate only for stable light sources and
motionless objects (patient).

[0008] Even the patients are still, slight movement, facial
expression change or improper camera shooting direction
may influence the measurement and reduce correctness.

SUMMARY

[0009] Inanembodiment, the present disclosure provides a
physiological information measurement system, including: at
least one video capture unit, a calculating unit electrically
coupled to the video capture unit, and a display unit electri-
cally coupled to the calculating unit. The video capture unit
captures at least one video data provided for the calculating
unit to obtain physiological information displayed on the
display unit.

[0010] In another exemplary embodiment, the present dis-
closure provides a physiological information measurement
method, including the steps of: providing a plurality of video
data, wherein each video data contains sequential image data,
extracting and synchronizing the video data to obtain a syn-
chronous features, transforming the features to independent
components, detecting peak value of the independent com-
ponents, selecting a representative component from the inde-
pendent components to generate a physiological information,
and displaying the physiological information.
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[0011] Further scope of applicability of the present appli-
cation will become more apparent from the detailed descrip-
tion given hereinafter. However, it should be understood that
the detailed description and specific examples, while indicat-
ing exemplary embodiments of the disclosure, are given by
way of illustration only, since various changes and modifica-
tions within the spirit and scope of the disclosure will become
apparent to those skilled in the art from this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The present disclosure will become more fully
understood from the detailed description given herein below
and the accompanying drawings which are given by way of
illustration only, and thus are not limitative of the present
disclosure and wherein:

[0013] FIG. 1is a schematic view of a physiological infor-
mation measurement system according to the present disclo-
sure.

[0014] FIG. 2is a flow chart of a physiological information
measurement method according to the present disclosure.
[0015] FIG. 3 is a flow chart of peak detection method
according to the present disclosure.

[0016] FIG. 4A is schematic view of a plurality of video
capture units capturing video data according to the present
disclosure.

[0017] FIG. 4B is schematic view of the video data accord-
ing to the present disclosure.

[0018] FIG. 5A is schematic view of one video capture unit
capturing video data according to the present disclosure.
[0019] FIG. 5B is schematic view of the video data accord-
ing to the present disclosure.

[0020] FIG. 6is a schematic view of capturing a plurality of
respiratory rate diagrams in the present disclosure.

[0021] FIG. 7 depicts a plurality of feature diagrams in the
present disclosure.

[0022] FIG. 8 depicts a plurality of synchronous feature
diagrams according to the present disclosure.

[0023] FIG. 9 depicts a plurality of independent component
diagrams according to the present disclosure.

DETAILED DESCRIPTION

[0024] In the following detailed description, for purposes
of explanation, numerous specific details are set forth in order
to provide a thorough understanding of the disclosed embodi-
ments. It will be apparent, however, that one or more embodi-
ments may be practiced without these specific details. In other
instances, well-known structures and devices are schemati-
cally shown in order to simplify the drawing.

[0025] Please refer to FIG. 1, a physiological information
measurement system of one embodiment of the present dis-
closure includes at least one video capture unit 10, a calcu-
lating unit 11 and a display unit 12. The video capture unit 10
can be a camera, a video file, a universal serial bus web
camera (USB web camera), a camera for mobile devices, web
information, web video streaming or field depth camera. The
video capture unit 10 can be single one or plural.

[0026] Please refer to FIG. 4A, which depicts an embodi-
ment of a video capture unit 21 of the disclosure. The video
capture unit 21 includes several USB web cameras. Each
USB web camera captures video data of a person. As shown
in FIG. 4B, the images include a first video 23, a second video
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24 and a third video 25. The first video 23, the second video
24 and the third video 25 are displayed in a calculating unit
22.

[0027] Please refer to FIG. 5A, which depicts an embodi-
ment of a video capture unit 310 of the disclosure. The video
capture unit 310 is a camera for amobile device 31. As shown
in FIG. 5B, the video capture unit 310 captures at least one
video 32 of a person 30. The video 32 is shown on the mobile
device 31.

[0028] The calculating unit 11 is electrically coupled to the
video capture unit 10. The calculating unit 11 includes a
feature extraction module 110, a data synchronization mod-
ule 111, an independent component analysis module 112, a
peak detection module 113, a physiological information sta-
tistic module 114 and an information carrier module 115.
[0029] The feature extraction module 110 is electrically
coupled to the video capture unit 10. The feature extraction
module 110 receives video data from the video capture units
10 and generates a plurality of features.

[0030] Please refer to FIG. 4B again, the first image 23, the
second image 24 and the third image 25 have regions 230,
231, 240, 241, 250 and 251 respectively. The regions 230,
231, 240, 241, 250 and 251 can be treated as the described
video data. For example, regions 230, 240 and 250 can be
used to measure a heart rate. The regions 231, 241 and 251 can
be used to measure a respiratory rate. However, they are not
limited to measure the heart rate and the respiratory rate.
[0031] The feature extraction module 110 utilizes a tempo-
ral differencing method to obtain motion pixels 40, 41 and 42
in the regions 324, 325 and 326 of FIG. 5B, which are treated
as video data. As shown in FIG. 6, if the amount of the motion
pixels 40, 41 and 42 is figured out, then the amount can be
treated as features for the video data.

[0032] The data synchronization module 111 receives the
features from the feature extraction module 110 and synchro-
nizes the features.

[0033] The independent component analysis module 112
receives the synchronous features and generates a plurality of
independent components.

[0034] The peak detection module 113 receives the inde-
pendent components and generates peak informationand sev-
eral serial peak signals.

[0035] The physiological information statistic module 114
receives and analyzes the serial peak signals to select one of
the independent components. The physiological information
statistic module 114 generates a physiological signal based
on the selected independent component.

[0036] The information carrier module 115 is informa-
tively connected to the feature extraction module 110, the
data synchronization module 111, the independent compo-
nent analysis module 112, the peak detection module 113 and
the physiological information statistic module 114. The infor-
mation carrier module 115 can be an inner or outer data base
or a fixed or mobile memory.

[0037] Please refer to FIG. 2, a physiological information
measurement method of the present disclosure includes the
steps of:

[0038] Step 1 (S1), providing K groups of video data, and
each group of video dada includes sequential image data of
physical physiological information regions. For example, the
physical physiological information region can be a face
region, a neck region, an arm region, a shoulder region, a
chest-abdominal region, a left chest region or a right chest
region.
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[0039] The physiological information regions can be
obtained by a face detecting process, a skin color detecting
process or a manually figuring process. For example the face
detecting process can refer to M.-Z. Poh, D. J. McDuff, and R.
W. Picard, “Advancements in noncontact, multiparameter
physiological measurements using a webcam,” IEEE Trans.
Biomedical Engineering, vol. 58, pp. 7-11, January 2011. The
skin color detecting process can refer to K.-Z. Lee, P-C.
Hung, and L.-W. Tsai, “Contact-free heart rate measurement
using a camera,” in Proc. Ninth Conference on Computer and
Robot Vision, 2012, pp. 147-152. The manually figuring pro-
cess can refer to K. S. Tan, R. Saatchi, H. Elphick, and D.
Burke, “Real-time vision based respiration monitoring sys-
tem,” in Proc. International Symposium on Communication
Systems Networks and Digital Signal Processing, 2010, pp.
770-774.

[0040] Referring to FIG. 1, the format of the video data is
one of three primary color format (red, green and blue, RGB
format), true-color space format (luminance, chrominance
and chrome, YUV format) or color attribute format (hue,
saturation and value, HSV format). The video data captured
by the video capture unit 10 are saved in the information
carrier module 115 based on time sequence for later access
and calculation.

[0041] For example, the K groups of video data are
obtained by shooting a person with the video capture units 10.
The K groups of video data are provided to the calculating
unit 11.

[0042] The K groups of video data can also be obtained by
shooting a person with the video capture units 10 built in a
mobile device such as a mobile phone.

[0043] As described above, Ifk is the image data, where
k=1,2,3,...,K. Ifk is the f* frame in the k” video. T(Ifl‘) is
the time for capturing image Ifk. Unit of the time can be ms, s,
s, minute or hour.

[0044] S2, the feature extraction module 110 obtains fea-
tures including physiological information from each image Ifk
to analyze physiological information.

[0045] For example, if the physiological information is a
heart rate, then the heart rate is obtained by the average color
of skin region accompany with a weighted statistical method.
The weighted statistical method can refer to K.-Z. Lee, P--C.
Hung, and L..-W. Tsai, “Contact-free heart rate measurement
using a camera,” in Proc. Ninth Conference on Computer and
Robot Vision, 2012, pp. 147-152. Therefore, when heart rate
is measured, the feature ufk of the f frame in the k” video can
be a weighting value for color average.

[0046] Ifthe physiological information is a respiratory rate,
then the respiratory rate is obtained by measuring the move-
ment of chest. The movement is obtained by a temporal
differencing method. The temporal differencing method can
refer to K. S. Tan, R. Saatchi, H. Flphick, and D. Burke,
“Real-time vision based respiration monitoring system,” in
Proc. International Symposium on Communication Systems
Networks and Digital Signal Processing, 2010, pp. 770-774.
Therefore, when respiratory rate is measured, the feature ufk
of the f” frame in the k” video can be an amount of motion
pixels.

[0047] S3, since the frame rate of each video data is not
static, frame rate is defined as the number of frames captured
in a specific period. For example, the video capture units 10
has a frame rate N fames/sec, where N is a constant such as 10,
20, 30, 60, 120, 150, 180 or 300.
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[0048] As described above, the time points of the video data
is not synchronous due to unstable frame rate of each video
data. A common frequency H fps is provided for each video
data to obtain a synchronous feature v * at time t by interpo-
lation method, where T(v,5)=1000x1/H is the time index of the
synchronous feature v/, t=1,2,3, ...

[0049] The synchronous feature v,* of each video data has
the same time index T(v) at time t after synchronization.
[0050] If the feature ufk of a known image Ifk has a time
index T (If), the synchronous feature v,* at time t can be
obtained by an interpolation method. The interpolation
method can be a linear interpolation method, a bilinear inter-
polation method or a bicubic interpolation method. These
interpolation methods refer to J. G. Proakis and D. K. Mano-
lakis, Digital Signal Processing (4th Edition): Prentice Hall,
2006.

[0051] For example, the synchronous features are obtained
by a linear interpolation method, which is measured by the
following equation:

o g Wi =) x @D - TUR)
Ve S Uy X T
T ) - Tiy)

where T(ij‘)sT(vf)sT(Iﬂlk)

the synchronous features are obtained by a data synchroniza-
tion module 111.

[0052] Please refer to FIG. 7, features of the regions 230,
240 and 250 in FIG. 4B are shown. The features can be a
series of heart rate feature under the frame rate of each video
capture unit is 30 fps and the measurement is performed for 5
seconds.

[0053] Supposed that the three video data have unstable
frame rate, only 129 frames, 150 frames and 140 frames are
captured. In addition, since each video capture unit has dif-
ferent characteristics, the captured features are different.
Three average values of feature series are 138.43, 64.38 and
90.42 respectively.

[0054] A common frequency H fps is therefore defined and
provided to each video data to obtain the synchronous feature
v/ at time t by the interpolation method.

[0055] FIG. 8 shows the synchronous features for heart rate
(after step S3). All features v/* at time t of different groups
have the same time index T(v,) .

[0056] S4, in addition to the physiological information, the
video data also implicitly includes periodical variation of
environment light (blinking lamp), periodical regulation of
camera (automatic light compensation) and other variations
caused by movement or facial expression change. If multiple
groups of video data are measured simultaneously, since each
video data includes the same physiological information, an
independent component analysis method is utilized to extract
stable signals from the video data. The independent compo-
nent analysis method utilizes a linear transformation process
to transform signals to a combination of non-Gaussian dis-
tributed signals which are statistically independent. The inde-
pendent component analysis refers to A. Hyvérinen, J. Kar-
hunen, and a. E. Oja, Independent Component Analysis. New
York: John Wiley & Sons., 2001.

[0057] IfN is the number of features which are intended to
be analyzed. The value of N depends on the common fre-
quency H fps and a reasonable value of the measured physi-
ological information. For example, if N for the heart rate is
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defined as 5H, and N for the respiratory rate is defined as 30H,
that means the heart rate and the respiratory rate use 5 seconds
and 30 seconds as their input features respectively.

[0058] z,is a matrix of all features at time t
Vo Vi
4=
v e
[0059] z, is transformed to a matrix of statistically non-

Gaussian independent components. z,=AX,, where A is a mix-
ing matrix. Since A and x, is unknown, 7, can be rewritten as

1 1
i Yen-1
K
V.
i Yeen-1 gy

where W is a demixing matrix similar to matrix A. Ifa demix-
ing matrix W satisfies W~A~", the independent component
matrix y~x,, and v *is the value of the k™ independent com-
ponent at time t.

[0060] The independent conponents are obtained by the
independent component analysis module 112.

[0061] Referring to FIG. 9, the three independent compo-
nents are analyzed, wherein N=SH and H=30 fps. As shown in
FIG. 9, peaks are indicated by small circles. Each indepen-
dent component has four peaks. The peak detection method is
described in the step S5.

[0062] InstepSS5, thepeak ofthe independent componenty,
is detected to obtain the signal period.

[0063] Inthe peak detection step, noise of signals is filtered
out by a low pass filter or a median filter. Afterwards, local
extreme values are searched to determine peaks’ location.
The signals are the described independent components. The
peak detection method can refer to J. G. Proakis and D. K.
Manolakis, Digital Signal Processing (4th Edition): Prentice
Hall, 2006.

[0064] Referring to FIG. 3, peak detection method for each
independent component is described as follows.

[0065] In step S8, low frequency signals of each indepen-
dent component are filtered out by a filter to obtain a denoised
signal matrix o, where o, is the value of the k™ group of
denoised signal at time t.

[0066] Instep S9, each denoised signal 0% is given a corre-
sponding signal direction D, which can be up, down or none.
[0067] D/J is given an initial value which is none, i.e.
D/=NONE.

[0068] When of-o0, >0, the signal direction is up, and
when 0/-0, %<0, the signal direction is down. The signal
direction D/ is therefore determined

[0069] In step 510, determine whether the signal direction
changes from up to down at current time t. If the k™ group of
the denoised signal has down direction at time t, and has up
direction at time t-1, i.e. D/~DOWN, D,_*~UP, then a time
point p,*is obtained (S11), where p,” is the time point of the i
peak of the k” group of the denoised signals o 5, i=1, 2, 3, ..
.1y, n, is the peak number of the k* group of the denoised
signals.

[0070] In step S12, if the time t is not the point where the
signal direction changes from UP to DOWN or a new peak is
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obtained, then determine whether the signal is the last one of
the signal series. If the signal is the last one of the signal
series, the peak detection ends (S13); if the signal is not the
last one, then return to step S9 to determine the signal direc-
tion of next time point.

[0071] The peak detection is performed by the peak detec-
tion module 113.

[0072] In step S6, peak-peak interval (PPI) between two
adjacent peaks is calculated and analyzed to select a stable
independent component to be the representative component.
[0073] The q* represents the j* PPI of the k™ group of the
independent components, where j=1, 2,3, ..., n,~1.thevalue
of qjk is obtained by the following equation:

e 15 = ph it 22,
! N else.

[0074] The S, represents the variance of the PPI of the k*
group of the independent components. The independent com-
ponent with the minimal variance (the most stable one) is
selected as the representative component. The variance of PPI
is calculated by the following equation:

ng-1

! > (F-d) itn=2,
=1

Si = =1 P

N? else.

[0075] The qf represents average of PPI of the k* group of
the independent components. The average is calculated by the
following equation:

n—1

P

1
-1

[0076] The average gF is selected to calculate the physi-
ological information value R. R is calculated by the following
equation:

60xH
¢

R=

[0077] The independent component with the minimal vari-
ance 1s selected as the representative component. The average
PPI g* of the representative component can be utilized to
obtain the physiological information.

[0078] The physiological information is obtained by the
physiological information statistic module 114.

[0079] In step S7, the physiological information obtained
in step S6 is displayed on the display unit 12.

[0080] Information or data obtained by the feature extrac-
tion module 110, the data synchronization module 111, the
independent component analysis module 112, the peak detec-
tion module 113 and the physiological information statistic
module 114 can be saved in the information carrier module
115 or loaded from the information carrier module 115.
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[0081] Inthe presentdisclosure, several video capture units
are utilized to capture several video data. The video capture
units can be various kinds of camera or information from
internet.

[0082] Inthe presentdisclosure, measurement of the physi-
ological information is automatic and noncontact based,
which can reduce uncomfortable feeling. Besides, the influ-
ence caused by unstable signal is also reduced.

[0083] With respect to the above description then, it is to be
realized that the optimum dimensional relationships for the
parts of the disclosure, to include variations in size, materials,
shape, form, function and manner of operation, assembly and
use, are deemed readily apparent and obvious to one skilled in
the art, and all equivalent relationships to those illustrated in
the drawings and described in the specification are intended to
be encompassed by the present disclosure.

What is claimed is:

1. A physiological information measurement system, com-
prising:

at least one video capture unit;

a calculating unit electrically coupled to the video capture

unit; and

a display unit electrically coupled to the calculating unit,

wherein the video capture unit captures at least one video

data provided for the calculating unit to obtain a physi-
ological information displayed on the display unit.

2. The physiological information measurement system as
claimed in claim 1, wherein the video capture unit is one of a
camera, a video file, a USB webcam, a camera for mobile
devices, a web information, a video streaming or a 3D depth
camera.

3. The physiological information measurement system as
claimed in claim 1, wherein the calculating unit comprises:

a feature extraction module electrically coupled to video

capture unit to receive the video data and generate a
plurality of features;

a data synchronization module receiving and synchroniz-

ing the features;

an independent component analysis module receiving the

synchronous features and generating a plurality of inde-
pendent components;

a peak detection module receiving the independent com-

ponents and generating a plurality of serial peak signals;

a physiological information statistic module receiving the

serial peak signals, selecting an independent component
from the serial peak signals and generating a physiologi-
cal information according to the independent compo-
nent; and

an information carrier module carrying the physiological

information.

4. The physiological information measurement system as
claimed in claim 3, wherein the information carrier module
comprises a data base or a memory.

5. A physiological information measurement method,
comprising the steps of:

providing a plurality of video data, wherein each video data

has sequential image data;

extracting and synchronizing the video data to obtain syn-

chronous features;

converting the features to independent components;

detecting peak values of the independent components;

selecting a representative component from the independent
components to generate a physiological information;
and

displaying the physiological information.
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6. The physiological information measurement method as
claimed in claim 5, wherein the sequential image data com-
prise a physical physiological information region.

7. The physiological information measurement method as
claimed in claim 6, wherein the physical physiological infor-
mation region is a face region, a neck region, an arm region,
a shoulder region, a chest-abdominal region, a left chest
region or a right chest region.

8. The physiological information measurement method as
claimed in claim 7, wherein the physical physiological infor-
mation region is obtained by a face detecting process, a skin
color detecting process or a manually figuring process.

9. The physiological information measurement method as
claimed in claim 5, wherein the format of the video data is a
three primary colors format, a true-color format or a color
attribute format.

10. The physiological information measurement method as
claimed in claim 5, wherein the physiological information
comprises a heart rate or a respiratory rate.

11. The physiological information measurement method as
claimed in claim 10, wherein the heart rate is obtained by an
average color of the images and a weighted average method.

12. The physiological information measurement method as
claimed in claim 10, wherein the respiratory rate is obtained
by temporal differencing of the images.

13. The physiological information measurement method as
claimed in claim 5, further comprising:

providing a common frequency and an interpolation

method to obtain the synchronous features from the
video data.

14. The physiological information measurement method as
claimed in claim 13, wherein the interpolation method is a
linear interpolation method, a bilinear interpolation method
or a bicubic interpolation method.

15. The physiological information measurement method as
claimed in ¢laim 5, wherein the features are transformed to a
combination of non-Gaussian distributed signals which are
statistically independent by a linear transformation method.

16. The physiological information measurement method as
claimed in claim 5, wherein in the peak detection step, noises
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of the independent components are filtered by a low pass filter
or a median filter first. Then, the local extreme values of the
independent components are searched to determine peaks’
location.

17. The physiological information measurement method as
claimed in claim 16, wherein the peak detection step com-
prising the steps of:

filtering out low frequency signals of each independent

component to obtain a plurality of denoised signal
traces;

providing corresponding signal direction, which is up,

down or none, for each denoised signals;

setting an initial value to specify the signal direction to be

none;
when 0/-0,_,*>0, the signal has an up direction, and when
0,-0,_ <0, the signal has a down direction, where o * is
a value of a denoised signal at time t;

determining the time t on which the signal direction
changes from up to down, if the denoised signal has a
down direction at a time point and has an up direction at
the previous time point, then a peak is obtained; and

determining whether a signal is the last signal when the
signal direction of the signal is not down, if the signal is
the last signal, then the peak detection step ends, and if
the signal is not the last signal, then determine the signal
direction.

18. The physiological information measurement method as
claimed in claim 5, wherein the representative component is
selected according to variances of peak-peak intervals, and
the independent component having the minimal variance is
selected as the representative component.

19. The physiological information measurement method as
claimed in claim 18, wherein an average value of the peak-
peak intervals is calculated from the representative compo-
nent to obtain the physiological information.

20. The physiological information measurement method as
claimed in claim 5, wherein the video data are caught by one
video capture unit or a plurality of video capture units.
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