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7) ABSTRACT

A heart rate detection method includes a facial image data
acquiring step, a feature points recognizing step, an effective
displacement signal generating step and a heart rate deter-
mining step. The feature points recognizing step is for
recognizing a plurality of feature points, wherein a number
range of the feature points is from three to twenty, and the
feature points include a center point between two medial
canthi, a point of a pronasale and a point of a subnasale of
the face. The effective displacement signal generating step is
for calculating an original displacement signal, wherein the
original displacement signal is converted to an effective
displacement signal. The heart rate determining step is for
transforming the effective displacement signals of each of
the feature points to an effective spectrum, wherein a heart
rate is determined from one of the effective spectrums
corresponding to the feature points, respectively.
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HEART RATE DETECTION METHOD AND
DEVICE THEREOF

BACKGROUND

Technical Field

[0001] The present disclosure relates to a heart rate detec-
tion method and a device thereof. More particularly, the
present disclosure relates to a non-contact heart rate detec-
tion method from a face and a device thereof.

Description of Related Art

[0002] Cardiovascular diseases (CVD) are the main
causes of illness and even death. Heart is the most important
organ of the body, and it reflects the vital signs of human and
also affects the physiological functions of the body. Heart
rate is the most directly part of monitoring physiological
information. Continuous monitoring of heart rate can pro-
vide a statistical analysis of long-term trends for physicians.
[0003] With the vigorous development of information
technology, the heart rate detection methods are diversely.
The heart rate detection methods can be roughly divided into
two categories: contact and non-contact. The contact heart
rate detection method is required to paste electrodes on the
subject’s skin to process, wherein the famous devices of the
contact heart rate detection method include electrocardio-
graph (ECG) and handheld ECG devices. However, the
contact heart rate detection devices need to touch the body
of the subjects, which may cause discomfort or irritation of
the body. For special groups, such as infants, elders, and
patients with wound, it may cause a great burden on the
body.

[0004] In order to improve the aforementioned situations,
the non-contact heart rate devices have been recently pro-
posed, such as Doppler radar, life detectors and cameras.
Among them, using the cameras to measure the heart rate is
more suitable in daily life. The video-based heart rate
detection methods could be roughly divided into three
categories: thermal imaging, photoplethysmography (PPG),
and head oscillations. In a conventional video-based heart
rate detection method, a principle of optical flow to detect
the pulse is applied. However, the heart rate detection
method is suffering from the influences under the complex
environment such as illumination changes, non-frontal face,
and so on.

[0005] Given the above, the conventional heart rate detec-
tion methods and the devices thereof are usually affected by
the illumination changes, the non-frontal face, the facial
expressions and so on, so that an effective heart rate detec-
tion method and a device thereof has become one of the
important subjects in the market.

SUMMARY

[0006] According to one aspect of the present disclosure,
a heart rate detection method includes a facial image data
acquiring step, a feature points recognizing step, an effective
displacement signal generating step and a heart rate deter-
mining step. The facial image data acquiring step is for
acquiring a plurality of frames of facial image data of a face.
The feature points recognizing step is for recognizing a
plurality of feature points, which are pre-determined, of the
face from the plurality of frames of facial image data,
wherein a number range of the feature points is from three

May 28, 2020

to twenty, and the feature points include a center point
between two medial canthi, a point of a pronasale and a point
of a subnasale of the face. The effective displacement signal
generating step is for calculating an original displacement
signal of each frame time of each of the feature points from
the plurality of frames of facial image data, wherein the
original displacement signal is established based on an
original horizontal displacement and an original vertical
displacement, and converted to an effective displacement
signal. The heart rate determining step is for transforming
the effective displacement signals of each of the feature
points to an effective spectrum, wherein a heart rate is
determined from one of the effective spectrums correspond-
ing to the feature points, respectively.

[0007] According to another aspect of the present disclo-
sure, a heart rate detection device includes a photographing
unit, a heart rate calculation unit and an output unit. The
photographing unit is configured to provide a plurality of
frames of facial image data of a face. The heart rate
calculation unit is communicatively connected to the pho-
tographing unit, wherein the heart rate calculation unit is
configured to recognize a plurality of feature points, which
are pre-determined, of the face from the plurality of frames
of facial image data, a number range of the feature points is
from three to twenty, the feature points include a center point
between two medial canthi, a point of a pronasale and a point
of a subnasale of the face, an effective displacement signal
of each frame time of each of the feature points is calculated
from the plurality of frames of facial image data, the
effective displacement signals of each of the feature points
are transformed to an effective spectrum, and a heart rate is
determined from one of the effective spectrums correspond-
ing to the feature points, respectively. The output unit is
communicatively connected to the heart rate calculation
unit, wherein the heart rate is outputted to the output unit
from the heart rate calculation unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present disclosure can be more fully under-
stood by reading the following detailed description of the
embodiment, with reference made to the accompanying
drawings as follows:

[0009] FIG. 1 is a flow chart of a heart rate detection
method according to the 1st embodiment of the present
disclosure.

[0010] FIG. 2 is a schematic view of landmark points
according to the 1st embodiment.

[0011] FIG. 3 is a schematic view of a feature point
according to the 1st embodiment.

[0012] FIG. 4 is a schematic view of another feature point
according to the 1st embodiment.

[0013] FIG. 5 is a schematic view of still another feature
point according to the 1st embodiment.

[0014] FIG. 6 is a schematic view of yet another feature
points according to the 1st embodiment.

[0015] FIG. 7isa schematic view of original displacement
signals according to thelst embodiment.

[0016] FIG. 8 is a schematic view of effective displace-
ment signals according to the 1st embodiment.

[0017] FIG. 9 is a schematic view of effective spectrums
according to the 1st embodiment.

[0018] FIG. 10 is a block diagram of a heart rate detection
device according to the 2nd embodiment of the present
disclosure.
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DETAILED DESCRIPTION

[0019] The embodiment will be described with the draw-
ings. For clarity, some practical details will be described
below. However, it should be noted that the present disclo-
sure should not be limited by the practical details, that is, in
some embodiment, the practical details is unnecessary. In
addition, for simplifying the drawings, some conventional
structures and elements will be simply illustrated, and
repeated elements may be represented by the same labels.
[0020] FIG. 1 is a flow chart of a heart rate detection
method 100 according to the 1st embodiment of the present
disclosure. In FIG. 1, the heart rate detection method 100
includes a facial image data acquiring step 110, a feature
points recognizing step 120, an effective displacement signal
generating step 130 and a heart rate determining step 140.
[0021] FIG. 2 is a schematic view of a plurality of land-
mark points 980 according to the 1st embodiment. FIG. 3 is
a schematic view of a feature point 991 according to the 1st
embodiment. FIG. 4 is a schematic view of a feature point
992 according to the 1st embodiment. FIG. 5 is a schematic
view of a feature point 993 according to the 1st embodiment.
FIG. 6 is a schematic view of feature points 994, 995, 996,
997 according to the 1st embodiment. In FIG. 2 to FIG. 6,
the facial image data acquiring step 110 is for acquiring a
plurality of frames of facial image data of a face 900. The
feature points recognizing step 120 is for recognizing the
plurality of feature points, which are pre-determined, of the
face 900 from the plurality of frames of facial image data,
wherein a number range of the feature points is from three
to twenty. That is, at least the feature points 991, 995, 996
of the face 900 are included, wherein the feature point 991
is a center point between two medial canthi of the face 900,
the feature point 995 is a point of a pronasale of the face 900,
and the feature point 996 is a point of a subnasale of the face
900.

[0022] FIG. 7 is a schematic view of original displacement
signals D,(t) according to the 1st embodiment. FIG. 8 is a
schematic view of effective displacement signals E(t)
according to the 1st embodiment. In FIG. 7 and FIG. 8, the
effective displacement signal generating step 130 is for
calculating an original displacement signal DM of each
frame time t of each of the feature points (at least the feature
points 991, 995, 996) from the plurality of frames of facial
image data, wherein the original displacement signal Dy(t) is
established based on an original horizontal displacement and
an original vertical displacement, and converted to an effec-
tive displacement signal E(t). The original horizontal dis-
placement is a displacement in a horizontal direction of each
of the feature points, and the original vertical displacement
1s a displacement in a vertical direction of each of the feature
points.

[0023] FIG. 9 is a schematic view of effective spectrums
according to the 1st embodiment. In FIG. 9, the heart rate
determining step 140 is for transforming the effective dis-
placement signals E(t) of each of the feature points (at least
the feature points 991. 995, 996) to an effective spectrum,
and a heart rate is determined from one of the effective
spectrums corresponding to the feature points (at least the
feature points 991, 995, 996), respectively. Therefore, peri-
odic motions on the head are caused by the blood flow from
the heart to the head, and the heart rate detection method 100
according to the present disclosure is related to a non-
contact heart rate detection method from the face based on
the aforementioned subtle motions. Moreover, the original
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horizontal displacements of the face are related to the
dynamic balances (such as expressions, e.g. blinks), and the
original vertical displacements of the face are related to the
static balances, wherein the static balances are also the
non-autonomous movements of the human body, including
the heart rate. In the heart rate detection method 100, the
original horizontal displacements and the original vertical
displacements are separately considered, and the feature
points 991, 995 and 996 (the center point between two
medial canthi, the point of the pronasale and the point of the
subnasale of the face 900, respectively), which are interfered
less by the original horizontal displacements, are chosen and
recognized. It is advantageous in not only simplifying the
numbers of the feature points, but also avoiding mistaking
an interference signal and reducing the measurement errors
of the heart rate, which are resulted from too numerous
feature points without a common motion mechanism but
being processed by the same manners, e.g. weighting, fil-
tering and so on.

[0024] In FIG. 2, in the feature points recognizing step
120, a plurality of landmark points 980 of the face 900 may
be recognized from the plurality of frames of facial image
data by an algorithm of ensemble of regression tree (ERT).
A number range of the landmark points 980 is from forty to
ninety, and the feature points (at least the feature points 991,
995, 996) being pre-determined of the face 900 are recog-
nized from the landmark points 980. Therefore, it is benefi-
cial for a proper ratio between a number of the landmark
points and a number of the feature points so as to increase
the efficiency and the accuracy of the feature points recog-
nition, In the 1st embodiment, a number of the landmark
points 980 is 68, and positions of the landmark points 980
are shown in FIG. 2 specifically. In addition, in the feature
points recognizing step 120, the landmark points 980 of the
face 900 may be recognized from the plurality of frames of
facial image data further by an algorithm of histogram of
gradient and an algorithm of support vector machine.

[0025] In FIG. 3 to FIG. 6, in the feature points recogniz-
ing step 120, the number range of the feature points may be
from seven to twenty. That is, at least the feature points 991,
992, 993, 994, 995, 996, 997 of the face 900 are included,
wherein the feature point 991 is the center point between two
medial canthi, the feature point 992 is a center point between
two lateral canthi, the feature point 993 is a center point of
a right eye, the feature point 994 is a point of a sellion, the
feature point 995 is the point of the pronasale, the feature
point 996 is the point of the subnasale, and the feature point
997 is a point of a menton. Therefore, it is advantageous in
reducing the errors of the heart rate detection method 100 by
adding the feature points being a proper number, which are
the feature points 992, 993, 994, 997, also interfered less by
the original horizontal displacements. Preferably, the num-
ber range of the feature points may be from seven to ten, and
at least the feature points 991, 992, 993, 994, 995, 996, 997
of the face 900 are included. In the 1st embodiment, a
number of the feature points is seven, and that is the feature
points 991, 992, 993, 994, 995, 996, 997. In FIG. 3 to FIG.
5, each of the feature points 991,992, 993 is calculated from
corresponding two of the landmark points 980, wherein the
feature point 991 (the center point between two medial
canthi) is calculated from two of the landmark points 980
respectively located on two medial canthi, the feature point
992 (the center point between two lateral canthi) is calcu-
lated from two of the landmark points 980 respectively
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located on two lateral canthi, and the feature point 993 (the
center point of the right eye) is calculated from two of the
landmark points 980 respectively located on the medial
canthus and the lateral canthus of the right eye. In FIG. 6,
each of the 994, 995, 996, 997 is one of the landmark points
980.

[0026] In FIG. 7, in the effective displacement signal
generating step 130, the original displacement signal DM of
each frame time t of each of the feature points 991, 992, 993,
994, 995, 996, 997 is calculated from the plurality of frames
of facial image data, wherein the original displacement
signal D,(t) is established based on the original horizontal
displacement and the original vertical displacement. Spe-
cifically, in the following Equation (1), the original displace-
ment signal D,(t) is established based on the original hori-
zontal displacement and the original vertical displacement in
the 1st embodiment, wherein D,(t) is the original displace-
ment signal of each frame time t of one of the feature points
991, 992, 993, 994, 995, 996, 997, X,(t) is a horizontal
position of each frame time t of one of the feature points 991,
992, 993, 994, 995, 996, 997, and Y (1) is a vertical position
of each frame time t of one of the feature points 991, 992,
993, 994, 995, 996, 997. Furthermore, X,(t)-X,(t-1) is the
original horizontal displacement of each frame time t of one
of the feature points 991, 992, 993, 994, 995, 996, 997, and
Y,(1)-Y(t-1) is the original vertical displacement of each
frame time t of one of the feature points 991, 992, 993, 994,
995, 996, 997.

DOV X 0O-X - DPHEGDP, =1, 2, ... 7

[0027] The schematic views of the original displacement
signals D (1), D,(1), D;(t), D4(1), Ds(1), D4(1), D(t) accord-
ing to Equation (1) of the feature points 991, 992, 993, 994,
995, 996, 997, respectively, in the 1st embodiment are
shown in FIG. 7 in order from an up side to a down side. In
FIG. 7, the horizontal axis represents the frame time t with
the unit of ms (millisecond), and the vertical axis represents
the original displacement signal D,(t). It shall be realized
that the values of all the original displacement signals D,(t)
can be equally scaled as needed.

[0028] Furthermore, the original displacement signal D,(t)
may be calculated and converted to the effective displace-
ment signal E(t) by a weight of the original horizontal
displacement (X,(1)-X,(t-1) in Equation (1)) and a weight of
the original vertical displacement (Y ,(t)-Y,(t-1) in Equation
(1)), and the weight of the original horizontal displacement
is smaller than the weight of the original vertical displace-
ment. Therefore, it corresponds to the motion mechanism of
the feature points 991, 992, 993, 994, 995, 996, 997 being
pre-determined so as to reduce the interference signal related
to the original horizontal displacement.

[0029] In the effective displacement signal generating step
130, the original displacement signal D,(t) may be calculated
and converted to the effective displacement signal E,(t) by a
fixed-point algorithm of a fast independent component
analysis (FastICA) and a bandpass filter. Therefore, it is
beneficial to increase the accuracy of the heart rate detection
method 100. Specifically, a frequency range of a pass band
of the bandpass filter is 0.75 Hz to 2 Hz, which is corre-
sponding to 45 to 120 beats per minute of the heart rate of
the human being, and the bandpass filter is a Butterworth
filter. Furthermore, the weight of the original horizontal
displacement and the weight of the original vertical dis-
placement may be pre-determined constants, wherein the

Equation(1)
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mathematical forms may be the original horizontal displace-
ment to the power of at least one multiplied by the corre-
sponding weight, the original vertical displacement to the
power of at least one multiplied by the corresponding
weight, the logarithm of the original horizontal displacement
multiplied by the corresponding weight, the logarithm of the
original vertical displacement multiplied by the correspond-
ing weight, or others, but not limited thereto, and the weight
of the original horizontal displacement is smaller than the
weight of the original vertical displacement. Besides, the
weight of the original horizontal displacement and the
weight of the original vertical displacement may not be
pre-determined constants, wherein the weight of the original
horizontal displacement and the weight of the original
vertical displacement may be timely adjusted according to a
difference, or a ratio (but not limited thereto) between the
original horizontal-displacement and the original vertical
displacement of each frame time, or the calculation process
equivalent to the weight of the original horizontal displace-
ment and the weight of the original vertical displacement
may be performed in the fixed-point algorithm of the fast
independent component analysis.

[0030] The schematic views of the effective displacement
signals B, (1), E,(1), E5(1), B.(t), E5(1), E4t), EL(t) of the
feature points 991, 992, 993, 994, 995, 996, 997, respec-
tively, in the 1st embodiment are shown in FIG. 8 in order
from an up side to a down side. In FIG. 8, the horizontal axis
represents the frame time t with the unit of ms (millisecond),
and the vertical axis represents the effective displacement
signal E/(t). It shall be realized that the values of all the
effective displacement signals E,(t) can be equally scaled as
needed. Furthermore, each of the effective displacement
signals E,(t) (shown in FIG. 8) in the 1st embodiment is
calculated via the weight of the original horizontal displace-
ment, the weight of the original vertical displacement, the
fixed-point algorithm of the fast independent component
analysis and the bandpass filter from the original displace-
ment signals D,(t) (shown in FIG. 7). In other embodiments
according to the present disclosure (not shown in drawings),
each of effective displacement signals may be calculated via
at least one of a weight of an original horizontal displace-
ment, a weight of an original vertical displacement, a
fixed-point algorithm of a fast independent component
analysis and a bandpass filter from original displacement
signals.

[0031] In FIG. 9, in the heart rate determining step 140,
each of the effective displacement signals E,(t), E,(t), E5(1),
E.(1), E5(1), E(t), E,(1) of the feature points 991, 992, 993,
994, 995, 996, 997, respectively, may be transformed to the
effective spectrum by a fast Fourier transform (FFT), and
there is a maximum relative power in each of the effective
spectrums corresponding to the feature points 991, 992, 993,
994, 995, 996, 997, respectively. The heart rate is a fre-
quency corresponding to a maximum among the plurality of
maximum relative powers corresponding to the feature
points 991, 992, 993, 994, 995, 996, 997, respectively.
Therefore, due to the power comparison is performed only
in each single spectrum of the effective spectrums of the
feature points 991, 992, 993, 994, 995, 996, 997, respec-
tively, in the heart rate detection method 100 according to
the present disclosure, it is advantageous in avoiding the
power comparisons among the feature points 991, 992, 993,
994, 995, 996, 997 with different (or not completely the
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same) motion mechanism so as to increase the accuracy of
the heart rate detection method 100.

[0032] Specifically, the schematic views of the effective
spectrums of the feature points 991, 992, 993, 994, 995, 996,
997, respectively, in the 1st embodiment are shown in FIG.
9 in order from an up side to a down side, wherein the
horizontal axis represents the frequency f with the unit of
Hz, and the vertical axis represents power quantity P,(f) of
the effective spectrum calculated from each of the effective
displacement signals E, (t), E,(t), E5(t), E,(t), E5(1), E4(t),
E. (1) of the feature points 991, 992, 993, 994, 995, 996, 997,
respectively. The power quantities P, (f), P,(f), P5(f), P.(),
P.(), P,(D), P,(f) are specifically shown in FIG. 9 in order
from the up side to the down side, and it shall be realized that
the values of all the power quantities P,(f) can be equally
scaled as needed.

[0033] In the following Equation (2) and Equation (3),
each of the effective spectrums of the feature points 991,
992, 993, 994, 9953, 996, 997, respectively, has a maximum
power P, .. (corresponding to a frequency f;) and an
average power P, ., . and each of the effective spectrums of
the feature points 991, 992, 993, 994, 995, 996, 997,
respectively, has the maximum relative power P, ,,,.-P, ...
(also corresponding to the frequency f)). That is, the effec-
tive spectrum of the feature point 991 has the maximum
power P, . (corresponding to the frequency ), the aver-
age power P, ., and the maximum relative power P, .-
P, .. (also corresponding to the frequency f,); the effective
spectrum of the feature point 992 has the maximum power
P (corresponding to the frequency f,), the average

2,max
power P, . and the maximum relative power P, ,,..-P» .,
(also corresponding to the frequency f,); . . . and the

effective spectrum of the feature point 997 has the maximum
power P, . (corresponding to the frequency f,), the aver-
age power P, ., and the maximum relative power P
P; . (also corresponding to the frequency 7).

7.max

P =max(P;(), i=1,2,...7 Equation(2)

imax
P ave=avgP), i=1,2, ... T

[0034] In FIG. 9, the effective spectrums of the feature
points 991, 992, 993, 994, 995, 996, 997 respectively have
maximum power points ml, m2, m3, m4, m5, mé, m7,
which are respectively corresponding to the maximum pow-
€18 Py oo P s P mwans Pamas P maes P mas P7,ma 10 the
vertical axis, and respectively corresponding to the frequen-
cies f, ,, 5, T, {5, {5, £, in the horizontal axis. Furthermore,
it can be realized that the effective spectrums of the feature
points 991, 992, 993, 994, 995, 996, 997 respectively have
the maximum relative powers P P P P
P aPsag PamerPimg PimaPsg: PomaPomg:
7. max"E7.avgy Which are also respectively corresponding to
the frequencies f1, 2, {3, 4, 15, f6, 7.
[0035] Moreover, in the following Equation (4) to Equa-
tion (6), P, mPoae (-6 1= in Equation (4)) is the
maximum among the plurality of maximum relative powers
PimacPrg PomerPomg PamaPrg: PamarPamg
Ps iP5 aver Poman-Poaver P7,mav-Pravg Lhe frequency f,
corresponding to the maximum relative power P, . -P,, ..
(the frequency f, also corresponding to the maximum power
P, nx) 15 the heart rate, which is denoted as Index in
Equation (5)) with the unit of Hz. The heart rate may be
further calculated via a unit conversion. That is, the fre-
quency f_. corresponding to the maximum relative power
P P (the frequency f,, also corresponding to the

Equation (3)

1,max™" Lavgr 1 2max™" 2,avg:

3,max * 3,avg’

1,max 1 1,avg’ max-

a,max * a,avg
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maximum power P, ,..) is the Index according to Equation
(5), and then the heart rate HR with the unit of 1/minute is
calculated via the unit conversion according to Equation (6).

o=arg; max(P i=1,2,...7 Equation (4)

marLiavg)s

Index=arg, max(P(f)) Equation (5)

HR=60xIndex

[0036] For example as FIG. 9, the effective spectrums of
the feature points 991, 992, 993, 994, 995, 996, 997 respec-
tively have the maximum power points m1, m2, m3, md,
m5, m6, m7, which are respectively corresponding to the
maximum relative powers P p P P

Equation (6)

1,max" l,avg? 2,max" 2,avg’
P3,max_P3,avgs P4,max_P4,avgs PS,max_ S.avg’ 6,max"t 6,avg®
7 max-L7 g Wherein the maximum thereamong is the

maximum relative power Pg ,,,-Pg 4, o the maximum
power point m6 of the feature point 996 (i.e. the point of the
subnasale of the face 900). The frequency f; corresponding
to the maximum power point mé is the heart rate (Index)
with the unit of Hz, and the heart rate HR with the unit of
1/minute can be conversed via the unit conversion.

[0037] FIG. 10 is a block diagram of a heart rate detection
device 200 according to the 2nd embodiment of the present
disclosure. In FIG. 10, the heart rate detection device 200
includes a photographing unit 250, a heart rate calculation
unit 260 and an output unit 270.

[0038] Please refer to the aforementioned paragraphs of
the heart rate detection method 100 of the 1st embodiment
together. In the 2nd embodiment, the photographing unit 250
is configured to provide the plurality of frames of facial
image data of the face 900. The heart rate calculation unit
260 is communicatively connected to the photographing umt
250, wherein the heart rate calculation unit 260 is configured
to recognize the plurality of feature points, which are
pre-determined, of the face 900 from the plurality of frames
of facial image data, and the number range of the feature
points is from three to twenty. That is, at least the feature
points 991, 995, 996 of the face 900 are included, wherein
the feature point 991 is the center point between two medial
canthi of the face 900, the feature point 995 is the point of
the pronasale of the face 900, and the feature point 996 is the
point of the subnasale of the face 900. The effective dis-
placement signal E,(t) of each frame time t of each of the
feature points (at least the feature points 991, 995, 996) is
calculated from the plurality of frames of facial image data,
the effective displacement signals E (1) of each of the feature
points (at least the feature points 991, 995, 996) are trans-
formed to the effective spectrum, and the heart rate is
determined from one of the effective spectrums correspond-
ing to the feature points (at least the feature points 991, 995,
996), respectively. The output unit 270 is communicatively
connected to the heart rate calculation unit 260, wherein the
heart rate is outputted to the output unit 270 from the heart
rate calculation unit 260. Therefore, it is advantageous in
avoiding mistaking an interference signal and reducing the
measurement errors of the heart rate so as to increase the
accuracy of the heart rate detection device 200. In addition,
the output unit 270 may be at least one of a storage
apparatus, a display and a speaker, but not limited thereto.
[0039] In detail, the number range of the feature points
may be from seven to twenty. That is, at least the feature
points 991, 992, 993, 994, 995, 996, 997 of the face 900 are
included, wherein the feature point 991 is the center point
between two medial canthi, the feature point 992 is the
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center point between two lateral canthi, the feature point 993
is the center point of the right eye, the feature point 994 is
the point of the sellion, the feature point 995 is the point of
the pronasale, the feature point 996 is the point of the
subnasale, and the feature point 997 is the point of the
menton. Therefore, it is advantageous in reducing the errors
of the heart rate detection device 200 by adding the feature
points being a proper number, which are feature points 992,
993, 994, 997, also interfered less by the original horizontal
displacements.

[0040] Furthermore, the heart rate calculation unit 260
may be configured to generate the original displacement
signal D,(t) of each frame time of each of the feature points
991, 992, 993, 994, 995, 996, 997 calculated from the
plurality of frames of facial image data. The original dis-
placement signal DO) is calculated and converted to the
effective displacement signal E(t) by the weight of the
original horizontal displacement (i.e. X,(t)-X,(t-1) in Equa-
tion (1)) and the weight of the original vertical displacement
(ie. Y, ()-Y,(t-1) in Equation (1)). The weight of the
original horizontal displacement is smaller than the weight
of the original vertical displacement, Therefore, it corre-
sponds to the motion mechanism of the feature points 991,
992, 993, 994, 995, 996, 997 being pre-determined so as to
reduce the interference signal related to the original hori-
zontal displacement.

[0041] The effective displacement signals E(t) of each of
the feature points 991, 992, 993, 994, 995, 996, 997 may be
transformed to the effective spectrum by the Fourier trans-
form, there is the maximum relative power (i.e. P, ,.-P, ..
in Equation (4)) in each of the effective spectrums corre-
sponding to the feature points 991, 992, 993, 994, 995, 996,
997, respectively, and the heart rate is the frequency corre-
sponding to the maximum among the plurality of maximum
relative powers. Therefore, due to the power comparison is
performed only in each single spectrum of the effective
spectrums of the feature points 991, 992, 993, 994, 995, 996,
997, respectively, in the heart rate detection device 200
according to the present disclosure, it is advantageous in
avoiding the power comparisons among the feature points
991, 992, 993, 994, 995, 996, 997 with different (or not
completely the same) motion mechanism so as to increase
the accuracy of the heart rate detection device 200.

[0042] Although the present disclosure has been described
in considerable detail with reference to certain embodiments
thereof, other embodiments are possible. Therefore, the
spirit and scope of the appended claims should not be limited
to the description of the embodiments contained herein. It
will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present disclosure without departing from the scope or
spirit of the disclosure. In view of the foregoing, it is
intended that the present disclosure cover modifications and
variations of this disclosure provided they fall within the
scope of the following claims.

What is claimed is:

1. A heart rate detection method, comprising:

a facial image data acquiring step for acquiring a plurality
of frames of facial image data of a face;

a feature points recognizing step for recognizing a plu-
rality of feature points, which are pre-determined, of
the face from the plurality of frames of facial image
data, wherein a number range of the feature points is
from three to twenty, and the feature points comprise a
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center point between two medial canthi, a point of a
pronasale and a point of a subnasale of the face;

an effective displacement signal generating step for cal-
culating an original displacement signal of each frame
time of each of the feature points from the plurality of
frames of facial image data, wherein the original dis-
placement signal is established based on an original
horizontal displacement and an original vertical dis-
placement, and converted to an effective displacement
signal; and

a heart rate determining step for transforming the effective
displacement signals of each of the feature points to an
effective spectrum, wherein a heart rate is determined
from one of the effective spectrums corresponding to
the feature points, respectively.

2. The heart rate detection method of claim 1, wherein, in
the feature points recognizing step, a plurality of landmark
points of the face are recognized from the plurality of frames
of facial image data by an algorithm of ensemble of regres-
sion tree, a number range of the landmark points is from
forty to ninety, and the feature points being pre-determined
of the face are recognized from the landmark points.

3. The heart rate detection method of claim 1, wherein the
number range of the feature points is from seven to twenty,
and the feature points further comprise a center point
between two lateral canthi, a center point of a right eye, a
point of a sellion and a point of a menton of the face.

4. The heart rate detection method of claim 1, wherein, in
the effective displacement signal generating step, each of the
original displacement signals is calculated and converted to
the effective displacement signal by a weight of the original
horizontal displacement and a weight of the original vertical
displacement, and the weight of the original horizontal
displacement is smaller than the weight of the original
vertical displacement.

5. The heart rate detection method of claim 1, wherein, in
the effective displacement signal generating step, each of the
original displacement signals is calculated and converted to
the effective displacement signal by a fixed-point algorithm
of a fast independent component analysis and a bandpass
filter.

6. The heart rate detection method of claim 1, wherein, in
the heart rate determining step, the effective displacement
signals of each of the feature points are transformed to the
effective spectrum by a Fourier transform, there is a maxi-
mum relative power in each of the effective spectrums
corresponding to the feature points, respectively, and the
heart rate is a frequency corresponding to a maximum
among the plurality of maximum relative powers.

7. A heart rate detection device, comprising:

a photographing unit configured to provide a plurality of

frames of facial image data of a face;

a heart rate calculation unit communicatively connected
to the photographing unit, wherein the heart rate cal-
culation unit is configured to recognize a plurality of
feature points, which are pre-determined, of the face
from the plurality of frames of facial image data, a
number range of the feature points is from three to
twenty, the feature points comprise a center point
between two medial canthi, a point of a pronasale and
a point of a subnasale of the face, an effective displace-
ment signal of each frame time of each of the feature
points is calculated from the plurality of frames of
facial image data, the effective displacement signals of
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each of the feature points are transformed to an effec-
tive spectrum, and a heart rate is determined from one
of the effective spectrums corresponding to the feature
points, respectively; and

an output unit communicatively connected to the heart

rate calculation unit, wherein the heart rate is outputted
to the output unit from the heart rate calculation unit.

8. The heart rate detection device of claim 7, wherein the
number range of the feature points is from seven to twenty,
and the feature points further comprise a center point
between two lateral canthi, a center point of a right eye, a
point of a sellion and a point of a menton of the face.

9. The heart rate detection device of claim 7, wherein the
heart rate calculation unit is configured to generate an
original displacement signal of each frame time of each of
the feature points calculated from the plurality of frames of
facial image data, the original displacement signal is calcu-
lated and converted to the effective displacement signal by
a weight of an original horizontal displacement and a weight
of an original vertical displacement, and the weight of the
original horizontal displacement is smaller than the weight
of the original vertical displacement.

10. The heart rate detection device of claim 7, wherein the
effective displacement signals of each of the feature points
are transformed to the effective spectrum by a Fourier
transform, there is a maximum relative power in each of the
effective spectrums corresponding to the feature points,
respectively, and the heart rate is a frequency corresponding
to a maximum among the plurality of maximum relative
powets.

May 28, 2020



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

KRN

IPCHRS

CPCH%E=

H 20T S0k
ShEREELE

BEG®F)

DR G ECEEREGHRERRSR  BUERRINSR  ARUB

EEERSRAVEBES R, BHUERRINTRAT RIS MER

Hep , BUERNBETEN =211 , BUEREBER N HNcanBZHH
FOR, HIRRNERR,
HERBRUBES  EPRAUBESHERNERUBES. VXH
ESRATHEMIERNBERUBESHRANBRIE , Hd , 23
MERIE R N B RIAE 2 —BELR,

patsnap

LERNAEREEE

US20200163560A1 K (nE)R 2020-05-28
US16/202110 g H 2018-11-28
By MR RE

f£%& B =MKRZE

BE B =MKRE

CHANG CHUAN YU
LIU HSIANG CHI
MA MATTHEW HUEI MING

CHANG, CHUAN-YU
LIU, HSIANG-CHI
MA, MATTHEW HUEI-MING

A61B5/024 GO6T7/73 GO6K9/00 GO6T7/00 A61B5/00 A61B5/11

A61B2576/02 GO6T7/74 A61B5/7257 A61B5/1128 GO6T7/0016 A61B5/02416 G06T2207/30041
G06T2207/20056 GO6K9/00281 G06T2207/30201 A61B5/1102 GO6K9/00523

US10722126

Espacenet USPTO

900

REHHREE. BERUBESFESRAT

980



https://share-analytics.zhihuiya.com/view/59e1990b-08c6-48b4-89ae-5ddc990ffaae
https://worldwide.espacenet.com/patent/search/family/070771343/publication/US2020163560A1?q=US2020163560A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220200163560%22.PGNR.&OS=DN/20200163560&RS=DN/20200163560

