US 20160150986A1

a9y United States

12) Patent Application Publication

(10) Pub. No.: US 2016/0150986 A1

CHEN et al. 43) Pub. Date: Jun, 2, 2016
(54) LIVING BODY DETERMINATION DEVICES AG6IB 5/00 (2006.01)
AND METHODS GO6T 7/40 (2006.01)
GO6K 9/00 (2006.01)
(71) Applicant: MediaTek Ine., Hsin-Chu (TW) GO6T 7/00 (2006.01)
GO6T 5/00 (2006.01)
(72) Inventors: TungTChien CHEN., Tz.lip?i City (TW); (52) US.CL
Yu-Ting CHEN, Taipei City (TW) CPC oo A61B 5/02416 (2013.01); GO6T 7/0012
) (2013.01); GO6K 9/46 (2013.01); GO6T 5/002
(21) Appl.No..  14/905,694 (2013.01); GOGK 9/4652 (2013.01); GO6T
i ) 7/408 (2013.01); GO6K 9/00906 (2013.01);
(22) PCTFiled:  May 15,2015 AG61B 5/742 (2013.01); A61B 5/0013
. (2013.01); A61B 5/748 (2013.01); GO6T
(86) PCTNo. PCTICN2015/079024 2207/10016 (2013.01); GO6T 2207/30048
§371 (e)(1), (2013.01); A61B 2560/0475 (2013.01)
(2) Date: Jan. 15, 2016
(57) ABSTRACT
Related U.S. Application Data A measurement apparatus and method for measuring a vital
(60) Provisional application No. 62/134,110, filed on Mar. sign of a subject are provided. A plurality of frames showing
17, 2015, provisional application No. 61/994,237, asubject is captured. A region of interest (ROI) on the subject
filed on May 16, 2014. 1s detected. A vital-sign signal is generated according to the
: sensing signals related to the ROIL. A quality index of the
Publication Classification vital-sign signal is evaluated. Whether the subject is a living
body is determined according to the quality index. A deter-
(51) Imt.Cl mination result of determining whether the subject is the
A61B 5/024 (2006.01) livingbody is used to control a heart-rate measurement opera-
GOG6K 9/46 (2006.01) tion.

—+V



Patent Application Publication Jun. 2,2016 Sheet 1 of 12 US 2016/0150986 A1

operating system —~ 122

communication module [—~—124

display module ——125

contact/motion module  |—~—126

graphics module —128

applications ——129

keyboard module ——131

135
——116 T’\I

RF
112~ controller circuitry —~—130
peripheral 115
interface
110~ processor camera |~—150
touch screen —~—-140

FIG. 1



Patent Application Publication

Jun. 2,2016 Sheet 2 of 12 US 2016/0150986 A1

2
imace S22 ——{ heart-rate
8 processor measurement
sensor )
— device
S21

FIG. 2



Patent Application Publication Jun. 2,2016 Sheet 3 of 12 US 2016/0150986 A1

R20 (SUM30)
430

60 80 100 120 140 BPM

R31 (SUM31)

FIG. 3



Patent Application Publication Jun. 2,2016 Sheet 4 of 12 US 2016/0150986 A1

-V

FIG. 4



Patent Application Publication

S20
S21

Jun. 2,2016 Sheet 5 of 12

US 2016/0150986 A1

53

memory

~21
~50
calculator
lsso
~51 ~52
displayer transmitter

]

FIG. 5



US 2016/0150986 A1

Jun. 2,2016 Sheet 6 of 12

Patent Application Publication

9 "DId

o[npomx anpouwx a[npoux S[npoux

UOIBUIULISISP Aﬂ UOCTIRAJRAD A% uoneIouag uonoaep
9~ €9~ 79~ 19~
W\

09s

JOSUAS

o3ewun
09~




Patent Application Publication Jun. 2,2016 Sheet 7 of 12 US 2016/0150986 A1

70
71
72
73

6

determination
device

FIG. 7



Patent Application Publication Jun. 2,2016 Sheet 8 of 12 US 2016/0150986 A1

Capturing plurality of successive frames from | 380
scenes

l

Detecting a region of interest (ROI) on the

subject S8l
|

Generating a vital-sign signal ~—S82
|

Calculating a heart-rate value of the subject |—S86

|

Evaluating a quality index of the vital-sign
signal

~—S8&3

Determining
whether the vital-sign signal is valid
according to the quality index

Controlling an operation related to the
heart-rate measurement rate according to the |[—S&5
determination result

FIG. 8



Patent Application Publication Jun. 2,2016 Sheet 9 of 12 US 2016/0150986 A1

Capturing plurality of successive frames from | 380
scenes

|

Detecting a region of interest (ROI) on the

subject S8l
|
Generating a vital-sign signal —S82

|

Calculating a heart-rate value of the subject |- S86

}

Evaluating a quality index of the vital-sign
signal

~— 883

Determining
whether the vital-sign signal is valid
according to the quality index

Displaying | [Not displaying
S90~ the heart-rate | | the heart-rate |~ S91
value value

FIG. 9



Patent Application Publication Jun. 2,2016 Sheet100f12  US 2016/0150986 A1

Capturing plurality of successive frames from | S80
scenes

|

Detecting a region of interest (ROI) on the

subject — 581
|
Generating a vital-sign signal —S82

|

Calculating a heart-rate value of the subject |~ S86

l

Evaluating a quality index of the vital-sign
signal

— 583

Determining
whether the vital-sign signal is valid
according to the quality index

S85 ~—
) Omitting
Applying the .
heart-rate applying the
valueina heart-fate
S100~  peart-rate valueina [~—S§101

A heart-rate

statistics . .
A statistics

operation .
operation

FIG. 10



Patent Application Publication Jun. 2,2016 Sheet 11 of 12

US 2016/0150986 A1

Capturing plurality of successive frames from
scenes

~S80

|

Detecting a region of interest (ROI) on the
subject

~S81

|

Generating a vital-sign signal

~S82

|

Calculating a heart-rate value of the subject

—S86

|

Evaluating a quality index of the vital-sign
signal

— 883

Determining
whether the vital-sign signal is valid
according to the quality index

885~
Transmitting tran?rriting
the heart-rate the heart-rate
5110~ valuetoa value to a
memory for memory for
storage storage

~S111

FIG. 11



Patent Application Publication

Jun. 2,2016 Sheet 12 of 12

Capturing plurality of successive frames from

scencs

l

Detecting a region of interest (ROI) on the

subject

l

Generating a vital-sign signal

l

Evaluating a quality index of the vital-sign

signal

US 2016/0150986 A1

Determining

whether the vital-sign signal is valid
according to the quality index

S120—

Performing a
heart-rate

calculation
operation on
the vital-sign
signal to
obtain the
heart rate of
the subject

~S80
~ S81
~S82
~—S83
No
Not
performing a
heart-rate
calculation |~S121
operation on
the vital-sign
signal

FIG. 12



US 2016/0150986 A1

LIVING BODY DETERMINATION DEVICES
AND METHODS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 61/994,237, filed on May 16, 2014,
and U.S. Provisional Application No. 62/134,110, filed on
Mar. 17,2015, the contents of which are incorporated herein
by reference.

TECHNICAL FIELD

[0002] The invention relates to a determination device, and,
more particularly, to a determination device for determining
whether a subject is a living body according to a vital sign
signal.

BACKGROUND

[0003] Recently, measurement apparatuses equipped with
video cameras are provided to detect vital signs of human
subjects (such as heart rate) through non-contact methods.
There are several advantages of extracting vital signs by video
camera; it is convenient, comfortable, and safe to the human
subjects, because of the wireless and non-contact operation of
the video cameras. Moreover, compared with major medical
equipment, the cost of a video camera is low. For long-term
monitoring in home care, the lower cost is beneficial to the
user.

[0004] When user accidentally takes a measurement appa-
ratus equipped with a video camera to capture frames of a
non-living body, such as a picture, a statue, or a doll with
human shape, the measurement apparatus performs vital-sign
measurement operation as usual according to information
contained in the captured frames. However, since the non-
living body does not have any vital signs, the measurement
result may be a random value or a measurement error occurs,
which degrades usage experience.

SUMMARY

[0005] Thus, it is desirable to provide a determination
device which can determine whether a subject is living body.
[0006] An exemplary embodiment of a determining device
is provided. The determination device determines whether a
subject shown in a plurality of frames captured by an image
sensor has a vital-sign feature. The determination device
comprises a detection module, a generation module, an evalu-
ation module, and a determination module. The detection
module detects a region of interest (ROI) on the subject. The
generation module receives a plurality of sensing signals
related to the ROI and generates a vital-sign signal. The
evaluation module receives the vital-sign signal and evaluates
a quality index of the vital-sign signal. The determination
module determines whether the vital-sign signal is valid
according to the quality index to determine whether the sub-
ject has the vital-sign feature.

[0007] An exemplary embodiment of a measurement appa-
ratus for measuring a heart rate of a subject is provided. The
measurement apparatus comprises an image sensor, a proces-
sor, and a heart-rate measurement device. The image sensor
captures a plurality of frames to generate a plurality of sens-
ing signals. A subject is shown in the plurality of frames. The
processor detects a region of interest (ROI) on the subject,
generates a vital-sign signal according to the sensing signals
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related to the ROI, evaluates a quality index of the vital-sign
signal, and determines whether the subject is a living body
according to the quality index to generate a determination
signal. The heart-rate measurement device receives the deter-
mination signal and operates according to the determination
signal.

[0008] An exemplary embodiment of a measurement
method is provided. The measurement method comprises the
steps of capturing a plurality of frames, wherein a subject is
shown in the plurality of frames; detecting a region of interest
(ROI) on the subject; generating a vital-sign signal according
to the sensing signals related to the ROI; evaluating a quality
index of the vital-sign signal; and determining whether the
subject is a living body according to the quality index. A
determination result of determining whether the subject is the
livingbody is used to control a heart-rate measurement opera-
tion.

[0009] A detailed description is given in the following
embodiments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0010] Theinvention can be more fully understood by read-
ing the subsequent detailed description and examples with
references made to the accompanying drawings, wherein:
[0011] FIG. 1is a schematic diagram illustrating a portable
electronic device according to an exemplary embodiment of
the invention;

[0012] FIG. 2 shows one exemplary embodiment of an
electronic system;

[0013] FIG. 3is aschematic diagram illustrating evaluation
of a quality index of a vital-sign signal according to one
exemplary embodiment;

[0014] FIG. 4is aschematic diagram illustrating evaluation
of a quality index of a vital-sign signal according to another
exemplary embodiment;

[0015] FIG. 5 shows an exemplary embodiment of a heart
rate measurement device;

[0016] FIGS. 6 and 7 show exemplary embodiments of a
determination device; and

[0017] FIGS. 8-12 show exemplary embodiments of a mea-
surement method.

DETAILED DESCRIPTION

[0018] The following description is of the best-contem-
plated mode of carrying out the invention. This description is
made for the purpose of illustrating the general principles of
the invention and should not be taken in a limiting sense. The
scope of the invention is best determined by reference to the
appended claims.

[0019] FIG. 1is a schematic diagram illustrating a portable
electronic device 100 according to an exemplary embodiment
of the invention. The portable electronic device 100 may
comprise a processor 110, a memory unit 120, a RF circuitry
130 and a touch screen 140, and a camera 150. In an exem-
plary embodiment, the portable electronic device 100 may be
a cellular telephone, a smartphone or a tablet PC. The pro-
cessor 110 may be one or more data processors, digital signal
processors, graphic processor, image processors and/or cen-
tral processors, which are capable of executing one or more
types of computer readable medium stored in the memory
unit 120. The processor 110 is coupled to the RF circuitry
130, the touch screen 140, and the camera 150 through a
peripheral interface 115, as illustrated in FIG. 1.
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[0020] TheRF circuitry 130 may be coupled to one or more
antennas 135 and may allow communication with one or
more additional devices, computers and/or servers using a
wireless network. The portable electronic device 100 may
support various communications protocols, such as code divi-
sion multiple access (CDMA), Global System for Mobile
Communications (GSM), Enhanced Data GSM Environment
(EDGE), High-Speed Downlink Packet Access (HSDPA),
Wi-Fi (such as IEEE 802.11a/b/g/n), Bluetooth, Wi-MAX, a
protocol for email, instant messaging (IM), and/or a short
message service (SMS), but the invention is not limited
thereto.

[0021] The camera 150 may capture a plurality of frames
from scenes and transmit signals related to the captured
frames to the processor 110 through the peripheral interface
115. The peripheral interface 115 is coupled to the camera
150 by a wired or wireless connection manner. In the embodi-
ment of FIG. 1, the camera 150 is equipped in the portable
electronic device 100. However, in another embodiment, the
camera 150 is implemented independently or implemented in
another device and coupled to the portable electronic device
100 by a wired or wireless manner.

[0022] The touch screen 140 may detect contact and any
movement or break thereof using any of a plurality of touch
sensitivity technologies now known or to be later developed,
including, but not limited to, capacitive, resistive, infrared,
and surface acoustic wave technologies, as well as other
proximity sensor arrays or other elements for determining
one or more points of contact with the touch screen 140.
However, the touch screen 140 may also display visual output
from the portable device 100. In some embodiments, the
portable electronic device 100 may include circuitry (not
shown in FIG. 1) for supporting a location determining capa-
bility, such as that provided by the Global Positioning System
(GPS). In some embodiments, the touch screen 140 can be
replaced by a display screen when the touch-sensitive func-
tion is not needed.

[0023] The memory controller 112 may be coupled to the
memory unit 120, which may include one or more types of
computer readable medium. The memory unit 120 may
include high-speed random access memory (e.g. SRAM or
DRAM) and/or non-volatile memory, such as one or more
magnetic disk storage devices, one or more optical storage
devices, and/or flash memory. The memory unit 120 may
store an operating system 122, such as LINUX, UNIX, OS X,
WINDOWS, Android, or an embedded operating system
such as VxWorks. The operating system 122 may include
procedures for handling basic system services and for per-
forming hardware dependent tasks. The memory unit 120
may also store communication procedures in a communica-
tion module 124. The communication procedures may be
used for communicating with one or more additional devices,
one or more computers and/or one or more servers. The
memory unit 120 may include a display module 125, a con-
tact/motion module 126 to determine one or more points of
contact and/or their movement, and a graphics module 128.
The graphics module 128 may support widgets, that is, mod-
ules or applications with embedded graphics. The widgets
may be implemented using JavaScript, HTML, Adobe Flash,
or other suitable computer program languages and technolo-
gies.

[0024] The memory unit 120 may also include one or more
applications 130. For example, applications stored in the
memory unit 120 may include telephone applications, email
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applications, text messaging or instant messaging applica-
tions, memo pad applications, address books or contact lists,
calendars, picture taking and management applications, and
music playing and management applications. The applica-
tions 129 may include a web browser (not shown in FIG. 1)
for rendering pages written in the Hypertext Markup Lan-
guage (HTML), Wireless Markup Language (WML), or other
languages suitable for composing web pages or other online
content. The memory unit 120 may further include a keyboard
module (or a set of instructions) 131. The keyboard module
131 operates one or more soft keyboards.

[0025] It should be noted that each of the above identified
modules and applications correspond to a set of instructions
for performing one or more functions described above. These
modules (i.e., sets of instructions) need not be implemented
as separate software programs, procedures or modules. The
various modules and sub-modules may be rearranged and/or
combined. Various functions of the portable electronic device
100 may be implemented in hardware and/or in software,
including in one or more signal processing and/or application
specific integrated circuits.

[0026] FIG. 2 shows an exemplary embodiment of an elec-
tronic system. As shown in FIG. 2, an electronic system 2
comprises a processor 20, a heart-rate measurement device
21, and an image sensor 22. The processor 20 operates to
determine whether a subject is a living body. The image
sensor 22 operates to capture a plurality of successive frames
from scenes where a subject exists. Thus, the subject is shown
in the captured frame. In each frame, the image sensor 22
generates a plurality of sensing signals S22 respectively
derived from a plurality of pixels of a sensing array of the
image sensor 22. The processor 20 is coupled to the image
sensor 22 to receive sensing signals S22 related to the cap-
tured frames. The processor 20 detects a region of interest
(ROI) on the subject. Since the color of the skin of a living
body can change when blood flows through it due to the
systole and diastole of the heart, the face area of the living
body is a proper area for determining whether the subject is a
living body. In one embodiment, the processor 20 performs a
face detection operation to search the face area of the subject
to serve as the ROI. In another embodiment, to obtain an
accurate determination result, the processor 20 performs a
face detection operation to search a face area of the subject
and further performs a skin segmentation operation to search
a skin region in the face area. Accordingly, the skin region in
the area serves as the ROIL

[0027] Insomeembodiments, since the subject may move,
the ROI will move with the movement of the subject. Thus, in
the captured frames, the processor 20 is capable of perform-
ing a tracking operation to track the ROI. For example, the
processor 20 performs at least one tracking algorithm to track
the RO, such as an algorithm comprising at least one of mean
shift, particle filter, or mosses.

[0028] When the ROI is detected, the processor 20 gener-
ates a vital-sign signal S21 according to the sensing signals
S22 related to the ROI As described above, in a case that a
living body is captured by a camera with a sensing array in
successive frames, since the color of the skin of the living
body can change when blood flows through it due to the
systole and diastole of the heart, the color information of the
pixels of the sensing array corresponding to the skin can be
used to generate a vital-sign signal related to the heart-rate of
the living body. The color information may be RGB, YUYV,
YerCh, grayscale, infrared data, or sensor raw, In the embodi-
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ment, the processor 20 calculates an average value of at least
one color component (such as R, G, and/or B component) of
the pixels, involved in the sensing signals S22 related to the
RO, within the time-interval of the captured frames, to gen-
erate an average signal. The processor 20 then generates a
vital-sign signal S21 according to the average signal. Since
the vital-sign signal S21 is generated according to the average
signal which is related to the change of the color of the skin in
the ROI, the vital-sign signal S21 can be used to estimate the
heart rate of the subject. In an embodiment, the average signal
directly serves as the vital-sign signal S21.

[0029] In another embodiment, in order to enhance the
accuracy of the determination performed by the processor 20,
the processor 20 may perform a filtering operation on the
average signal to generate the vital-sign signal S21 to filter
noise or components of the average signal which are out of the
range ofthe frequencies related to a heart rate of a living body.
In general, a frequency of a signal generated according a heart
rate of a human being is in a range of 50-200 BPM (Beats per
Minute). Thus, the components of the signal which are out of
the range of 50-200 BPM are useless to estimate the heat rate.
In the embodiment, the processor 20 may perform the filter-
ing operation to filter the components which are out of the
range of 50-200 BPM. In further another embodiment, the
processor 20 may not only perform the above filter operation
on the average signal but also perform an independent com-
ponent analysis on the average to generate the vital-sign sig-
nal S21.

[0030] Then, the processor 20 transforms the vital-sign sig-
nal S21 from the time domain to a frequency domain. The
processor 20 detects a peak value of energy of the vital-sign
signal 821 in the frequency domain. FIG. 3 shows the vital-
sign signal S21 without suffering the filtering operation and
the independent component analysis. As shown in FIG. 3, a
peak value 30 of the energy is detected, and the peak value 30
corresponds to about frequency value 60 BPM. The processor
20 defines a frequency range R30 which contains 60 BPM,
such as a frequency range from 55 BPM to 62 BPM. The
processor 20 further defines a frequency range R31 which
contains the frequency range R30, such as a frequency range
from 40 BPM to 110 BPM. The processor 20 calculates the
sum SUM30 of the energy of the vital-sign signal S21 in the
frequency range R30 and the sum SUM31 of the energy of the
vital-sign signal S21 in the frequency range R30. Then, the
processor 20 calculates the ratio (frequency ratio) of the sum
SUM30 and the SUM31 (SUM30/SUM31) for evaluating a
quality index.

[0031] In another embodiment, as shown in FIG. 4, the
processor 20 may detect the maximum amplitude MAX40 of
the vital-sign signal S21 in the time domain and further cal-
culate the average amplitude MAX41 of the vital-signal sig-
nal S21. The processor 20 calculates the ratio (amplitude
ratio) of the maximum amplitude MAX40 and the average
amplitude MAX41. In this embodiment, the processor 20
evaluates the quality index according to both of the frequency
ratio and the amplitude ratio.

[0032] The processor 20 then determines whether the vital-
sign signal S21 is valid according to the quality index and
generates a determination signal S20 according to the deter-
mination result. In the case that only the frequency ratio is
used for evaluating the quality index, the processor 20 com-
pares the frequency ratio with a predetermined frequency
ratio. When the frequency ratio is greater than the predeter-
mined frequency ratio, the processor 20 determines that the
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vital-sign signal S21 is valid. The valid vital-sign signal S21
indicates that a heart rate which is in a normal range for living
bodies is obtained from the RO, that is the subject has the
vital-sign feature. Accordingly, the processor 20 determines
that the subject is a living body. When the frequency ratio is
less than the predetermined frequency ratio, the processor 20
determines that the vital-sign signal S21 is not valid, which
indicates that the subject does not have the vital-sign feature.
Accordingly, the processor 20 determines that the subject is
not a living body.

[0033] In the case that both of the frequency ratio and the
amplitude ratio are used for evaluating the quality index, the
processor 20 performs the above comparison operation on the
frequency ratio. The processor 20 further compares the
amplitude ratio with a predetermined amplitude ration. The
amplitude ratio greater than the predetermined amplitude
ration indicates that the subject moves by great shifting in the
time-interval of the captured frames, which result in worse
quality of the vital-sign signal S21. The amplitude ratio less
than the predetermined amplitude ration indicates that the
subject does not move or move by slight shifting by great
shifting in the time-interval of the captured frames, which
result in better quality of the vital-sign signal S21. When the
frequency ratio is greater than the predetermined frequency
ratio and the amplitude ratio is less than the predetermined
amplitude ration, the processor 20 determines that the vital-
sign signal S21 is valid. When the frequency ratio is less than
the predetermined frequency ratio and/or the amplitude ratio
is greater than the predetermined amplitude ration, the pro-
cessor 20 determines that the vital-sign signal S21 is not valid.
[0034] In some embodiments, the processor 20 may per-
form living-body detection by detecting facial expression
and/or eye blinking of the subject. The processor 20 deter-
mines whether the vital-sign signal S21 is valid according to
the quality index and the result of the living-body detection.
[0035] According to the above description, the processor
20 is capable of determining whether a subject is a living body
according to the vital-sign signal S21 derived from an ROT on
the subject. The determination signal S20 generated by the
processor 20 may be used to control the operation of the
heart-rate measurement rate.

[0036] Inanembodiment,asshowninFIG.S5,the heart-rate
measurement device 21 comprises a calculator 50 and a dis-
player 51. The calculator 50 receives the vital-sign signal S21
and performs a heart-rate calculation operation on the vital-
sign signal S21 to obtain a heart-rate value S50 according to
the vital-sign signal S21. The displayer 51 is coupled to the
calculator 50 to receive the heart-rate value S50 and con-
trolled by the determination signal. When the processor 20
determines that the vital-sign signal is valid (that is the subject
is a living body), the displayer 51 is controlled by the deter-
mination signal S21 to show the heart-rate value S50. When
the processor 50 determines that the vital-sign signal S21 is
not valid (that is the subject is nota living body), the displayer
51 is controlled by the determination signal S21 and does not
show the heart-rate value S50.

[0037] In another embodiment, the calculator 50 may fur-
ther receive the determination signal S21. The calculator 50 is
controlled by the determination signal S21 to perform a heart-
rate statistics operation. When the processor determines that
the vital-sign signal is valid (that is the subject is a living
body), the calculator 50 is controlled by the determination
signal S21 to apply the heart-rate value in the heart-rate
statistics operation. When the processor 20 determines that
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the vital-sign signal S21 is not valid (that is the subject is not
a living body), the calculator 50 is controlled by the determi-
nation signal S21 to omit applying the heart-rate value in the
heart-rate statistics operation.

[0038] The heart-rate measurement device 21 may further
comprise a transmitter 52. The transmitter is coupled to the
calculator 50 to receive the hear-rate value S50 and controlled
by the determination signal S20. When the processor deter-
mines that the vital-sign signal is valid (that is the subjectis a
living body), the transmitter 52 is controlled by the determi-
nation signal S20 to transmit the heart-rate value S50 to a
memory 53 for storage. In the embodiment, the memory 53 is
equipped in the electronic system 2 or implemented by a
storage which connects the transmitter 52 through wireless
communication, such as a cloud storage.

[0039] In further another embodiment, the calculator 50
may not always perform heart-rate calculation operation each
time when the vital-sign signalis received. Whether the heart-
rate calculation operation is performed may be determined
according to the determination signal S20. When the proces-
sor 20 determines that the vital-sign signal is valid (that is the
subject is a living body), the calculator 50 is controlled by the
determination signal S20 to perform the heart-rate calculation
operation on the vital-sign signal S21 to obtain the heart-rate
value S50. When the processor 20 determines that the vital-
sign signal S21 is not valid (that is the subject is not a living
body), the calculator 50 is controlled by the determination
signal S20 not to perform the heart-rate calculation operation
on the vital-sign signal S21.

[0040] In the embodiment of FIG. 2, the electronic system
2 may be implemented by a measurement apparatus, such as
the portable electronic device 100 shown in FIG. 1. In this
case, the processor 20 may be implemented by the processor
110 0f FIG. 1, and the image sensor 20 may be a camera, such
as the camera 150 shown in FIG. 1. The heart-rate measure-
ment device 21 may be implemented by different portions in
the portable electronic device 100, such as the processor 110
for calculating the heart-rate value S50, the touch screen 140
for displaying the heart-rate value S50, and the RF circuitry
130 for transmitting the heart-rate value S50.

[0041] According to the above embodiment, when the sub-
jectisnot aliving body, the calculated heart-rate value may be
notdisplayed or may be omitted, thereby enhancing the usage
experience.

[0042] FIG. 6 shows an exemplary embodiment of a deter-
mination device. As shown in FIG. 6, a determination device
6 comprises a detection module 61, a generation module 62,
an evaluation module 63, and a determination module 64. The
determination device 6 operates to determine whether a sub-
ject is a living body. There is an image sensor 60 coupled to
the determination device 6 by a wired or wireless connection
manner. The image sensor 60 operates to capture a plurality of
successive frames from scenes where a subject exists. Thus,
the subject is shown in the captured frames. In each frame, the
image sensor 60 generates a plurality of sensing signals S60
respectively derived from a plurality of pixels of a sensing
array of the image sensor 60. The detection module 61 is
coupled to the image sensor 60 to receive sensing signals S60
related to the captured frames. The detection module 61
detects a region of interest (ROI) on the subject. Since the
color of the skin ofa living body can change when blood flows
through it due to the systole and diastole of the heart, the face
area of the living body is a proper area for determining
whether the subject is a living body. In one embodiment, the
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detection module 61 performs a face detection operation to
search the face area of the subject to serve as the ROL In
another embodiment, to obtain an accurate determination
result, the detection module 61 performs a face detection
operation to search a face area of the subject and further
performs a skin segmentation operation to search a skin
region in the face area. Accordingly, the skin region in the area
serves as the ROIL In the embodiment, the ROI covers a
plurality of pixels of a sensing array of the image sensor 22 in
each frame, and one sensing signal S22 is generated from one
pixel.

[0043] Insome embodiments, since the subject may move,
the ROI will move with the movement of the subject. Thus, in
the captured frames, the detection module 61 is capable of
performing a tracking operation to track the ROI. For
example, the processor 20 performs at least one tracking
algorithm to track the ROI, such as an algorithm comprising
at least one of mean shift, particle filter, or mosses.

[0044] When the ROl is detected, the generation module 62
generates a vital-sign signal S62 according to the sensing
signals S60 related to the ROI. As described above, in a case
thata living body is captured by acamera with a sensing array
in successive frames, since the color of the skin of the living
body can change when blood flows through it due to the
systole and diastole of the heart, the color information of the
pixels of the sensing array corresponding to the skin can be
used to generate a vital-sign signal related to the heart-rate of
the living body. The color information may be RGB, YUYV,
YerCh, grayscale, infrared data, or sensor raw, In the embodi-
ment, the generation module 62 calculates an average value of
at least one color component (such as R, G, and/or B compo-
nent) of the pixels, involved in the sensing signals S60 related
to the ROI, within the time-interval of the captured frames, to
generate an average signal. The generation module 62 then
generates a vital-sign signal S62 according to the average
signal. Since the vital-sign signal S62 is generated according
to the average signal which is related to the change of the
color of the skin in the ROI, the vital-sign signal S62 can be
used to estimate the heart rate of the subject. In an embodi-
ment, the average signal directly serves as the vital-sign sig-
nal S62.

[0045] In another embodiment, in order to enhance the
accuracy of the determination performed by the determina-
tion device 6, the generation module 62 may perform a filter-
ing operation on the average signal to generate the vital-sign
signal S62 to filter noise or components of the average signal
which are out of the range of the frequencies related to a heart
rate of a living body. In general, a frequency of a signal
generated according a heart rate of a human being is in a range
0f50-200 BPM. Thus, the components of the signal which are
out of the range of 50-200 BPM are useless to estimate the
heat rate. In the embodiment, the generation module 62 may
perform the filtering operation to filter the components which
are out of the range of 50-200 BPM. In further another
embodiment, the generation module 62 may not only perform
the above filter operation on the average signal but also per-
form an independent component analysis on the average to
generate the vital-sign signal S62.

[0046] Then, the evaluation module 63 transforms the vital-
sign signal S62 from the time domain to a frequency domain.
The evaluation module 63 detects a peak value of energy of
the vital-sign signal S62 in the frequency domain. FIG. 3
shows the vital-sign signal S62 without suffering the filtering
operation and the independent component analysis. As shown
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in FIG. 3, a peak value 30 of the energy is detected, and the
peak value 30 corresponds to about frequency value 60 BPM.
The evaluation module 63 defines a frequency range R30
which contains 60 BPM, such as a frequency range from 55
BPM to 62 BPM. The evaluation module 63 further defines a
frequency range R31 which contains the frequency range
R30, such as a frequency range from 40 BPM to 110 BPM.
The evaluation module 63 calculates the sum SUM30 of the
energy of the vital-sign signal S62 in the frequency range R30
and the sum SUM31 of'the energy of the vital-sign signal S62
in the frequency range R30. Then, the evaluation module 63
calculates the ratio (frequency ratio) of the sum SUM30 and
the SUM31 (SUM30/SUM31) for evaluating a quality index
S63.

[0047] In another embodiment, as shown in FIG. 4, the
evaluation module 63 may detect the maximum amplitude
MAX40 of the vital-sign signal S62 in the time domain and
further calculate the average amplitude MAX41 of the vital-
signal signal S62. The evaluation module 63 calculates the
ratio (amplitude ratio) of the maximum amplitude MAX40
and the average amplitude MAX41. In this embodiment, the
evaluation module 63 evaluates the quality index S63 accord-
ing to both of the frequency ratio and the amplitude ratio.

[0048] After the determination module 64 receives the
quality index S63 the determination module 64 then deter-
mines whether the vital-sign signal S62 is valid according to
the quality index according to the determination result. In the
case that only the frequency ratio is used for evaluating the
quality index, the determination module 64 compares the
frequency ratio with a predetermined frequency ratio. When
the frequency ratio is greater than the predetermined fre-
quency ratio, the determination module 64 determines that
the vital-sign signal S62 is valid. The valid vital-sign signal
S62 indicates that a heart rate which is in a normal range for
living bodies is obtained from the ROI, that is the subject has
the vital-sign feature. Accordingly, the determination module
64 determines that the subject is a living body. When the
frequency ratio is less than the predetermined frequency ratio,
the determination module 64 determines that the vital-sign
signal 862 is not valid, which indicates that the subject does
not have the vital-sign feature. Accordingly, the determina-
tion module 64 determines that the subject is not a living
body.

[0049] In the case that both of the frequency ratio and the
amplitude ratio are used for evaluating the quality index, the
determination module 64 performs the above comparison
operation on the frequency ratio. The determination module
64 further compares the amplitude ratio with a predetermined
amplitude ration. The amplitude ratio greater than the prede-
termined amplitude ration indicates that the subject moves by
great shifting in the time-interval of the captured frames,
which result in worse quality of the vital-sign signal S62. The
amplitude ratio less than the predetermined amplitude ration
indicates that the subject does not move or move by slight
shifting by great shifting in the time-interval of the captured
frames, which result in better quality of the vital-sign signal
S62. When the frequency ratio is greater than the predeter-
mined frequency ratio and the amplitude ratio is less than the
predetermined amplitude ration, the determination module
64 determines that the vital-sign signal S62 is valid. When the
frequency ratio is less than the predetermined frequency ratio
and/or the amplitude ratio is greater than the predetermined
amplitude ration, the determination module 64 determines
that the vital-sign signal S62 is not valid.
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[0050] Insomeembodiments, the determinationmodule 64
may further perform living-body detection by detecting facial
expression and/or eye blinking. The determinationmodule 64
then determines whether the vital-sign signal S61 is valid
according to the quality index and the result of the living-
body detection.

[0051] According to the above description, the determina-
tion device 6 is capable of determining whether a subject is a
living body according to the vital-sign signal S62 derived
from an ROI on the subject. The determination result may be
used to a measurement device, which is coupled to the deter-
mination device 6, for measurement vital-signs, such as heart
rate.

[0052] Inthe embodiment of FIG. 6, the detection device 6
may be implemented by a processor, such as the processor
110 shown in FIG. 1. In an embodiment, each of the modules
in the determination device 6 may be implemented in a pro-
cessor, such as the processor 1 shown in FIG. 1 by hardware
and/or software performing one or more corresponding func-
tions described above. In another embodiment, a memory is
coupled to the determination device 6. As shown in FIG. 7, a
memory 7 stores sets of instructions (or coding) 70, 71, 72,
and 73, respectively corresponding to the functions of the
modules of FIG. 6. The determination device 6 is coupled to
the memory 7 to load the sets of instructions 70-73. When the
determination device 6 performs any one set of instructions,
the hardware and/or software in the determination device 6 is
referred to as the corresponding module. For example, when
the determination device 6 performs the set of instructions
related to the quality-index evaluation function, the hardware
and/or software in the determination device 6 is referred to as
the evaluation module 63.

[0053] FIG. 8 shows one exemplary embodiment of a mea-
surement method. The determination method may be per-
forming by at least one processor, such as the portable elec-
tronic device 100 shown in FIG. 1 or the electronic system 2
shown in FIG. 2. The measurement method is performed to
determine whether a subject is a living body and further to
measure vital-sign of the subject. The measurement method
comprises a step (S80) of capturing plurality of successive
frames from scenes where a subject exists by an image sensor,
such as the camera 150 shown in FIG. 1. Thus, the subject is
shown in the captured frames. In each frame, a plurality of
sensing signals are generated respectively from a plurality of
pixels of a sensing array of the image sensor. The measure-
ment method further comprising a step (S81) of detecting a
region of interest (ROI) on the subject. Since the color of the
skin of a living body can change when blood flows through it
due to the systole and diastole of the heart, the face area of the
living body is a proper area for determining whether the
subject is a living body. In one embodiment, a face detection
operation is performed in the step S81 to search the face area
of the subject to serve as the ROL. In another embodiment, a
face detection operation is performed in the step S81 to search
a face area of the subject, and a skin segmentation operation
id further performed in the step S81 to search a skin region in
the face area. Accordingly, the skin region in the area serves as
the ROL

[0054] Insome embodiments, since the subject may move,
the ROI will move with the movement of the subject. Thus, in
the captured frames, a tracking operation to track the ROI
may be performed in the step S81. For example, at least one
tracking algorithm to track the ROI, such as an algorithm
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comprising at least one of mean shift, particle filter, or mosses
are performed for tracking the ROL

[0055] The measurement method also comprises a step
(S82) of generating a vital-sign signal according to the sens-
ing signals related to the ROI. As described above, in a case
that a living body is captured by a camera with a sensing array
in successive frames, since the color of the skin of the living
body can change when blood flows through it due to the
systole and diastole of the heart, the color information of the
pixels of the sensing array corresponding to the skin can be
used to generate a vital-sign signal related to the heart-rate of
the living body. The color information may be RGB, YUV,
YerCh, grayscale, infrared data, or sensor raw, In the embodi-
ment, in the step S82 an average value of at least one color
component (such as R, G, and/or B component) of the pixels,
involved in the sensing signals S22 related to the ROI, within
the time-interval of the captured frames, is calculated to gen-
erate an average signal. The vital-sign signal is generated
according to the average signal. Since the vital-sign signal is
generated according to the average signal which is related to
the change of the color of the skin in the RQOI, the vital-sign
signal can be used to estimate the heart rate of the subject. In
an embodiment, the average signal directly serves as the
vital-sign signal.

[0056] In another embodiment, in order to enhance the
accuracy of the determination and the measurement, in the
step S82, a filtering operation is performed on the average
signal to generate the vital-sign signal to filter noise or com-
ponents of the average signal which are out of the range of the
frequencies related to a heart rate of a living body. In general,
a frequency of a signal generated according a heart rate of a
human being is in a range of 50-200 BPM. Thus, the compo-
nents of the signal which are out of the range of 50-200 BPM
are useless to estimate the heat rate. In the embodiment, the
filtering operation is performed to filter the components
which are out of the range of 50-200 BPM. In further another
embodiment, not only the above filter operation but also an
independent component analysis is performed on the average
to generate the vital-sign signal.

[0057] Themeasurement method comprises a step (S83) of
evaluating a quality index of the vital-sign signal. In the step
S83, the vital-sign signal is transformed from the time domain
to a frequency domain. A peak value of energy of the vital-
sign signal in the frequency domain is detected. FIG. 3 shows
the vital-sign signal without suffering the filtering operation
and the independent component analysis. As shown in FIG. 3,
a peak value 30 of the energy is detected, and the peak value
30 corresponds to about frequency value 60 BPM. A fre-
quency range R30 which contains 60 BPM, such as a fre-
quency range from 55 BPM to 62 BPM, is defined. A fre-
quency range R31 which contains the frequency range R30,
such as a frequency range from 40 BPM to 110 BPM, is also
defined. The sum SUM30 of the energy of the vital-sign
signal S21 in the frequency range R30 is calculated, and the
sum SUM31 of'the energy of the vital-sign signal S21 in the
frequency range R30 is calculated. Then, the ratio (frequency
ratio) of the sum SUM30 and the SUM31 (SUM30/SUM31)
is calculated for evaluating a quality index.

[0058] In another embodiment, as shown in FIG. 4, in the
step S83, the maximum amplitude MAX40 of the vital-sign
signal in the time domain is detected, and the average ampli-
tude MAX41 of the vital-signal signal is calculated the ratio
(amplitude ratio) of the maximum amplitude MAX40 and the
average amplitude MAX41 is calculated. In this embodiment,

Jun. 2, 2016

the quality index is evaluated according to both of the fre-
quency ratio and the amplitude ratio.

[0059] The determination method is further comprises a
step (S84) of determining whether the vital-sign signal is
valid according to the quality index. In the case that only the
frequency ratio is used for evaluating the quality index, the
step S84 is performed by comparing the frequency ratio with
a predetermined frequency ratio. When the frequency ratio is
greater than the predetermined frequency ratio, it is deter-
mined that the vital-sign signal is valid. The valid vital-sign
signal S21 indicates that a heart rate which is in a normal
range for living bodies is obtained from the ROI, that is the
subject has the vital-sign feature. Accordingly, it is deter-
mined that the subject is a living body. When the frequency
ratio is less than the predetermined frequency ratio, it is
determined that the vital-sign signal S21 is not valid, which
indicates that the subject does not have the vital-sign feature.
Accordingly, it is determined that the subject is not a living
body.

[0060] In the case that both of the frequency ratio and the
amplitude ratio are used for evaluating the quality index, the
step S84 is performed by performing the above comparison
operation on the frequency ratio and comparing the amplitude
ratio with a predetermined amplitude ration. The amplitude
ratio greater than the predetermined amplitude ration indi-
cates that the subject moves by great shifting in the time-
interval of the captured frames, which result in worse quality
of the vital-sign signal. The amplitude ratio less than the
predetermined amplitude ration indicates that the subject
does not move or move by slight shifting by great shifting in
the time-interval of the captured frames, which result in better
quality of the vital-sign signal. When the frequency ratio is
greater than the predetermined frequency ratio and the ampli-
tude ratio is less than the predetermined amplitude ration, it is
determined that the vital-sign signal is valid. When the fre-
quency ratio is less than the predetermined frequency ratio
and/or the amplitude ratio is greater than the predetermined
amplitude ration, it is determined that the vital-sign signal is
not valid.

[0061] In some embodiments, living-body detection may
be performed by detecting facial expression and/or eye blink-
ing. Thus, in the step S84, whether the vital-sign signal S61 is
valid is determined according to the quality index and the
result of the living-body detection.

[0062] According to the above description, the steps S80-
S84 are performed to determine whether a subject is a living
body according to the vital-sign signal derived from an ROI
on the subject. The determination result may be used to con-
trol the operation related to the heart-rate measurement rate
(step S85).

[0063] In the embodiment of FIG. 8 after the vital-sign
signal is generated in the step S82, a step (S86) of calculating
a heart-rate value of the subject is performed. In FIG. 8, the
step S86 is performed between the steps S82 and S83. How-
ever, in other embodiments, the step S86 may be performed
between the steps S83 and S84 or after the step S84.

[0064] FIG.9 shows one exemplary embodiment of the step
of controlling the operation related to the heart-rate measure-
ment rate. As shown in FIG. 9, in the step S85, when it is
determined that the vital-sign signal is valid (that is the sub-
ject is a living body), the heart-rate value is displayed on a
displayer (step S90). When it is determined that the vital-sign
signal is not valid (that is the subject is not a living body), the
vital-sign signal is not displayed on a displayer (step S91).
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[0065] FIG. 10 shows another exemplary embodiment of
the step of controlling the operation related to the heart-rate
measurement rate. As shown in FIG. 10, in the step S85, when
it is determined that the vital-sign signal is valid (that is the
subject is a living body), the heart-rate value is applied in a
heart-rate statistics operation (step S100). When it is deter-
mined that the vital-sign signal is not valid (that is the subject
is not a living body), the heart-rate value is (step S101).
[0066] FIG. 11 shows further another exemplary embodi-
ment of the step of controlling the operation related to the
heart-rate measurement rate. As shown in FIG. 11, in the step
S85, when it is determined that the vital-sign signal is valid
(that is the subject is a living body), the heart-rate value is
transmitted to a memory for storage (step S110). When it is
determined that the vital-sign signal is not valid (that is the
subject is not a living body), the heart-rate value is not trans-
mitted to a memory for storage (step S111).

[0067] Inan embodiment, the calculation of the heart-rate
of the subject is performed in the step S85. As shown in FIG.
12, in the step S85, when it is determined that the vital-sign
signal is valid (that is the subject is a living body), a heart-rate
calculation operation is performed on the vital-sign signal to
obtain the heart rate of the subject (step S120). When it is
determined that the vital-sign signal is not valid (that is the
subject is not a living body), the heart-rate calculation opera-
tion is not performed (step S121).

[0068] While the invention has been described by way of
example and in terms of the preferred embodiments, it is to be
understood that the invention is not limited to the disclosed
embodiments. On the contrary, it is intended to cover various
modifications and similar arrangements (as would be appar-
ent to those skilled in the art). Therefore, the scope of the
appended claims should be accorded the broadest interpreta-
tion so as to encompass all such modifications and similar
arrangements.

1. A determination device for determining whether a sub-
ject shown in a plurality of frames captured by an image
sensor has a vital-sign feature:

a detection module to detect a region of interest (ROI) on

the subject;

a generation module to receive a plurality of sensing sig-

nals related to the ROI and generate a vital-sign signal;
an evaluation module to receive the vital-sign signal and
evaluate a quality index of the vital-sign signal; and

a determination module to determine whether the vital-

sign signal is valid according to the quality index to
determine whether the subject has the vital-sign feature.

2. The determination device as claimed in claim 1, wherein
when the determination module determines that the vital-sign
signal is valid, the subject has the vital-sign feature.

3. The determination device as claimed in claim 1, wherein
when the determination module determines that the vital-sign
signal is not valid, the subject does not have the vital-sign
feature.

4. The determination device as claimed in claim 1, wherein
aresult of determining whether the subject has the vital-sign
feature indicates that the subject is a living body or not.

5. The determination device as claimed in claim 1, wherein
the evaluation module detects a peak value of energy of the
vital-sign signal in a frequency domain, calculates a first sum
of the energy of the vital-sign signal in a first frequency range
which contains a frequency value corresponding to the peak
value, calculates a second sum of the energy of the vital-sign
signal in a second frequency range which contains the first
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frequency range, calculates a first ratio of the first sum and the
second sum, and evaluates the quality index according to the
first ratio.

6. The determination device as claimed in claim 1, wherein
the evaluation module further detects a maximum amplitude
of the vital-sign signal, calculates an average amplitude of the
vital-sign signal, calculates a second ratio of the maximum
amplitude and the average amplitude, and evaluates the qual-
ity index according to the first ratio and the second ratio.

7. A measurement apparatus for measuring a heart rate of a
subject:

an image sensor to capture a plurality of frames to generate
aplurality of sensing signals, wherein a subject is shown
in the plurality of frames;

a processor to detect a region of interest (ROI) on the
subject, generate a vital-sign signal according to the
sensing signals related to the ROI, evaluate a quality
index of the vital-sign signal, and determine whether the
subject is a living body according to the quality index to
generate a determination signal; and

a heart-rate measurement device to receive the determina-
tion signal and operate according to the determination
signal.

8. The measurement apparatus as claimed in claim 7,

wherein the heart-rate measurement device comprises:

a calculator to receive the vital-sign signal and calculate a
heart-rate value according to the vital-sign signal; and

a displayer coupled to the calculator to receive the heart-
rate value and controlled by the determination signal,

wherein when the processor determines that the subject is
the living body, the displayer is controlled by the deter-
mination signal to show the heart-rate value.

9. (canceled)

10. The measurement apparatus as claimed in claim 7,

wherein the heart-rate measurement device comprises:

a calculator, controlled by determination signal, to receive
the vital-sign signal, calculate a heart-rate value accord-
ing to the vital-sign signal, and perform a heart-rate
statistics operation; and

wherein when the processor determines that the subject is
the living body, the calculator is controlled by the deter-
mination signal to apply the heart-rate value in the heart-
rate statistics operation.

11. (canceled)

12. The measurement apparatus as claimed in claim 7,

wherein the heart-rate measurement device comprises:

a calculator to receive the vital-sign signal and calculate a
heart-rate value according to the vital-sign signal,

atransmitter, coupled to the calculator, to receive the heart-
rate value and controlled by the determination signal,

wherein when the processor determines that the subject is
the living body, the transmitteris controlled by the deter-
mination signal to transmit the heart-rate value to a
memory.

13. The measurement apparatus as claimed in claim 12,
wherein when the processor determines that the subject is not
the living body, the transmitter is controlled by the determi-
nation signal not to transmit the heart-rate value to the
memory.

14. The measurement apparatus as claimed in claim 12,
wherein the transmitter transmits the heart-rate to the
memory through wireless communication.

15. The measurement apparatus as claimed in claim 12,
wherein the memory is implemented by a cloud storage.
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16. The measurement apparatus as claimed in claim 7,
wherein the heart-rate measurement device comprises:

a calculator controlled by the determination signal,

wherein when the processor determines that the subject is

the living body, the calculator is controlled by the deter-
mination signal to perform a heart-rate calculation
operation on the vital-sign signal for obtaining a heart-
rate value.

17. The measurement apparatus as claimed in claim 16,
wherein when the processor determines that the subject is not
the living body, the calculator is controlled by the determina-
tion signal not to perform the heart-rate calculation operation
on the vital-sign signal.

18. The measurement apparatus as claimed in claim 7,
wherein the processor detects a peak value of energy of the
vital-sign signal in a frequency domain, calculates a first sum
of the energy of the vital-sign signal in a first frequency range
which contains a frequency value corresponding to the peak
value, calculates a second sum of the energy of the vital-sign
signal in a second frequency range which contains the first
frequency range, calculates a first ratio of the first sum and the
second sum, and evaluates the quality index according to the
first ratio.

19. The measurement apparatus as claimed in claim 18,
wherein the processor detects a maximum amplitude of the
vital-sign signal, calculates an average amplitude of the vital-
sign signal, calculates a second ratio of the maximum ampli-
tude and the average amplitude, and evaluates the quality
index according to the first ratio and the second ratio.

20. A measurement method:

capturing a plurality of frames, wherein a subject is shown

in the plurality of frames;

detecting a region of interest (ROI) on the subject;
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generating a vital-sign signal according to the sensing sig-
nals related to the ROL;

evaluating a quality index of the vital-sign signal; and

determining whether the subject is a living body according
to the quality index,

wherein a determination result of determining whether the
subject is the living body is used to control a heart-rate
measurement operation.

21.-28. (canceled)

29. The measurement method as claimed in claim 20, inthe
step of evaluating the quality index of the vital-sign signal, a
peak value of energy of the vital-sign signal in a frequency
domain within a time-interval in which the plurality of frames
occur is detected, a first sum of the energy of the vital-sign
signal in a first frequency range which contains a frequency
value corresponding to the peak value within the time-inter-
val is calculated, a second sum of the energy of'the vital-sign
signal in a second frequency range which contains the first
frequency range is calculated, a first ratio of the first sum and
the second sum is calculated, and the quality index according
to the first ratio is evaluated.

30. The measurement method as claimed in claim 29,
wherein in the step of evaluating the quality index of the
vital-sign signal, a maximum amplitude of the vital-sign sig-
nal within the time-interval is detected, an average amplitude
of the vital-sign signal within the time-interval is calculated,
a second ratio of the maximum amplitude and the average
amplitude is calculated, and the quality index according to the
first ratio and the second ratio is evaluated.
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