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(57) ABSTRACT

Disclosed are a heart rate detection system and a wearable
device using the same. The heart rate detection system
includes a light emitting unit, a light sensor and a processor.
The light emitting unit emits a light to a human body. The
light sensor senses a reflected light of the light and accord-
ingly generates a first electric signal. The processor calcu-
lates the low-frequency noise signal and the high-frequency
noise signal of the first electric signal, and removes them.
After that, the processor executes a peak detection with
respect to the first electric signal to calculate peak values of
the first electric signal, and calculate a heart rate based on the
time intervals among the peak values.
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HEART RATE DETECTION SYSTEM AND
WEARABLE DEVICE USING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present disclosure relates to a heart rate detec-
tion system and a wearable device using the same; in
particular, to a heart rate detection system and a wearable
device that are less affected by noises caused by environ-
mental factors.

2. Description of Related Art

[0002] With the development of technology, many kinds
of wearable electronic devices have become available to the
public. One such example is the popular sports bracelet.
Generally, aside from functions offered by different appli-
cations, most sports bracelets function as pedometers, heart
rate detectors, or sleep quality detectors.

[0003] Currently, the sports bracelets detect the heart rate
of a user by using Photoplethysmography (PPG). However,
heart rate detection with PPG are often inaccurate due to
interferences caused by environmental factors, such as
sweat, or the manner which the sports bracelet contacts the
human skin. For a sports bracelet using PPG to detect the
heart rate of a user, there must be a calibration mechanism
or a compensation mechanism to remove noises caused by
the environmental factors. The better the calibration mecha-
nism or the compensation mechanism is designed, the more
precisely the heart rate of the user can be detected by the
sports bracelet.

SUMMARY OF THE INVENTION

[0004] The present disclosure provides a heart rate detec-
tion system. The heart rate detection system includes at least
one light emitting unit, a light sensor and a processor, and
the processor is coupled to the light sensor and the light
emitting unit. The light emitting unit emits a light to a human
body. The light sensor senses a reflected light of the light and
accordingly generates a first electric signal. The processor is
configured to: convert the first electric signal from a time-
domain signal to a frequency-domain signal; calculate a
low-frequency noise signal according to the first electric
signal, and subtract the low-frequency noise signal from the
first electric signal; calculate a high-frequency noise signal
according to the first electric signal, and subtract the high-
frequency noise signal from the first electric signal; convert
the first electric signal from the frequency-domain signal to
the time-domain signal; execute a peak detection with
respect to the first electric signal according to a first sam-
pling rate, and calculate a plurality of peak values of the first
electric signal; and calculate a plurality of time intervals
among the peak values according to the first sampling rate
and the peak values, and calculate a heart rate based on the
time intervals.

[0005] Also, the present disclosure provides another heart
rate detection system. The heart rate detection system
includes at least one light emitting unit, a light sensor, a
motion sensor and a processor, and the processor is coupled
to the light emitting unit, the light sensor and the motion
sensor. The light emitting unit emits a light to a human body.
The light sensor senses a reflected light of the light and
accordingly generates a first electric signal. The motion

Mar. 5, 2020

sensor captures a motion data of the human body and
generates a second electric signal according to the motion
data. The processor is configured to: convert the first electric
signal and the second electric signal from time-domain
signals to frequency-domain signals; normalize the first
electric signal and the second electric signal to make the
amplitude of the first electric signal and the amplitude of the
second electric signal equal; calculate and extend a fre-
quency range of the first electric signal and a frequency
range of the second electric signal by using an extrapolation
method, and filter the first electric signal and the second
electric signal; sample the first electric signal and the second
electric signal to obtain a first discrete value list and a second
discrete value list, wherein the first discrete value list and the
second discrete value list respectively include a plurality of
discrete values; calculate a dominant value according to the
discrete values in the first discrete value list and the discrete
values in the second discrete value list; and calculate a heart
rate according to the dominant value.

[0006] Moreover, the present disclosure provides a wear-
able device. The wearable device includes any of the heart
rate detection systems described above to instantly detect a
heart rate of a user wearing the wearable device.

[0007] The heart rate detection system and the wearable
device in the present disclosure have advantages as
described below. In the present disclosure, the electric signal
generated by the light sensor, despite being affected by
noises caused by environmental factors, can be calibrated, so
that the heart rate of a user can be precisely calculated
according to the calibrated electric signal.

[0008] For further understanding of the present disclosure,
reference is made to the following detailed description
illustrating the embodiments of the present disclosure. The
description is only for illustrating the present disclosure, not
for limiting the scope of the claim.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Embodiments are illustrated by way of example
and not by way of limitation in the figures of the accompa-
nying drawings, in which like references indicate similar
elements and in which:

[0010] FIG. 1 shows a block diagram of a heart rate
detection system according to one embodiment of the pres-
ent disclosure;

[0011] FIG. 2 and FIG. 3 are flow charts showing steps of
the heart rate calculation executed by the processor of the
heart rate detection system in FIG. 1,

[0012] FIG. 4 shows a block diagram of a heart rate
detection system according to another embodiment of the
present disclosure;

[0013] FIG. 5, FIG. 6A and FIG. 6B are flow charts
showing steps of the heart rate calculation executed by the
processor of the heart rate detection system in FIG. 4; and
[0014] FIG. 7 shows a schematic diagram of a wearable
device using a heart rate detection system according to one
embodiment of the present disclosure.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0015] The aforementioned illustrations and following
detailed descriptions are exemplary for the purpose of
further explaining the scope of the present disclosure. Other
objectives and advantages related to the present disclosure
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will be illustrated in the subsequent descriptions and
appended drawings. In these drawings, like references indi-
cate similar elements.

[0016] It will be understood that, although the terms first,
second, third, and the like, may be used herein to describe
various elements, these elements should not be limited by
these terms. These terms are only to distinguish one element
from another element, and the first element discussed below
could be termed a second element without departing from
the teachings of the instant disclosure. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items.

[0017] [One Embodiment of the Heart Rate Detection
System]
[0018] FIG. 1 shows a block diagram of a heart rate

detection system according to one embodiment of the pres-
ent disclosure.

[0019] The heart rate detection system provided by this
embodiment is usually configured in a wearable device, such
as a smart watch, a sports bracelet, and the like. However,
how a user wears the wearable device is not restricted
herein. For example, the user can wear the wearable device
on his wrist.

[0020] As shown in FIG. 1, the heart rate detection system
includes at least one light emitting unit 12, a light sensor 14
and a processor 16, and the processor 16 is coupled to the
light sensor 14 and the light emitting unit 12. The heart rate
detection system instantly detects the heart rate of a user by
using the PPG (Photoplethysmography; PPG). In brief, in
this embodiment, the light emitting unit 12 emits a light to
a human body. Then, the light sensor 14 detects a reflected
light of the light, and accordingly generates a first electric
signal. Finally, the processor 16 calculates the heart rate of
the user according to the first electric signal. For example,
the light emitting unit 12 can be a green light LED (Light
Emitted Diode; LED). The wavelength of the green light is
roughly within the range of 500 nm-550 nm, and thus the
green light will not penetrate too deeply into the human body
but can be almost fully absorbed by the hemoglobin.
[0021] Ttis worth mentioning that, in addition to the PPG;
when calculating the heart rate of the user according to the
first electric signal received from the light sensor, the
processor 16 also uses another operation method to cancel
noises caused by environmental factors, such that the heart
rate of the user can be precisely detected.

[0022] In the following descriptions, the operation method
to cancel noises caused by environmental factors is illus-
trated.

[0023] FIG. 2 and FIG. 3 are flow charts showing steps of
the heart rate calculation executed by the processor of the
heart rate detection system in FIG. 1.

[0024] Inbrief, the heart rate detection system provided by
this embodiment calculates the heart rate of the user accord-
ing to the first electric signal received from the light sensor
by removing the noises from the first electric signal, and
then calculating the heart rate of the user according to the
first electric signal to eliminate any noise caused by the
environment.

[0025] It should be noted that, the noises caused by the
environmental factors may be low-frequency signals or
high-frequency signals. For example, low-frequency noises
may be caused by a slow arm swing or slow body waves, and
the high-frequency noises may be caused by a quick arm
swing or quick body waves. Thus, as shown in FIG. 2, after
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the processor 16 receives the first electric signal from the
light sensor 14, the processor 16 first executes the step S110
and the step S120 to remove the low-frequency noises or the
high-frequency noises caused by the environmental factors.
In the operation for removing the noises, before the step
S110 and the step S120, the processor 16 converts the first
electric signal from a time-domain signal to a frequency-
domain signal.

[0026] To remove the low-frequency noises caused by the
environmental factors, the processor 16 calculates the low-
frequency noise signal by using a low-frequency noise
equation, and then subtracts the low-frequency noise signal
from the first electric signal. In this embodiment, the low-
frequency noise equation can be as follows:

[0027] In this low-frequency noise equation, Y[i] is the
low-frequency noise signal, X[i+] is the first electric signal,
and M is a sampling number.

[0028] Similarly, to remove the high-frequency noises
caused by the environmental factors, the processor 16 cal-
culates the high-frequency noise signal by using a high-
frequency noise equation, and then subtracts the high-
frequency noise signal from the first electric signal. In this
embodiment, the high-frequency noise equation can be as
below:

[0029] In this high-frequency noise equation, S[i] is the
high-frequency noise signal, Z[i+j] is the first electric signal
having the low-frequency noise signal removed, and M is
the sampling number.

[0030] After the processor 16 makes the low-frequency
noise signal and the high-frequency noise signal removed
from the first electric signal, the processor 16 executes the
step S130 to detect peak values of the first electric signal.
Detecting peak values of the first electric signal is to find the
timing of every beat of the heart. In short, the processor 16
can obtain a plurality of peak values by detecting the peak
values of the first electric signal, and the timing when one
peak value occurs is the timing of one beat of the heart.
Before the processor 16 detects peak values of the first
electric signal, it converts the first electric signal back to a
time-domain signal.

[0031] As shown in FIG. 3, the step S130 can be further
divided into steps S132~S138. When detecting the peak
values of the first electric signal, the processor 16 examines
a voltage value of the first electric signal corresponding to
each time unit, which is the step S132. It should be noted
that, the time unit is a reciprocal of the first sampling rate.
Specifically, the processor 16 divides the first electric signal
based on this time unit so that each time unit corresponds to
one voltage value of the first electric signal. Then, the
processor 16 can examine the voltage value of the first
electric signal corresponding to each time unit.
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[0032] The processor 16 determines which voltage value
is a peak value by executing the step S134. In the step S134,
the processor 16 determines whether a voltage value corre-
sponding to one time unit is larger than all of the voltage
values corresponding to the last three time units and the next
three time units, and whether said voltage value is also larger
than an average of the voltage values corresponding to all
time units. If said voltage value is larger than all of the
voltage values corresponding to the last three time units and
the next three time units, and is also larger than an average
of the voltage values corresponding to all time units, the
processor 16 determines that the voltage value is one of the
peak values of the first electric signal.

[0033] However, if the processor 16 determines that the
voltage value is not larger than all of the voltage values
corresponding to the last three time units or is not larger than
all of the voltage values corresponding to the next three time
units, or the processor 16 determines that the voltage value
is not larger than the average of the voltage values corre-
sponding to all time units, the processor 16 determines that
the voltage value is not one of the peak values of the first
electric signal. Then, the processor 16 examines a voltage
value corresponding to the next time unit.

[0034] After executing the step S314, the processor 16
further executes the step S316 to determine whether the
voltage value of the first electric signal corresponds to the
last time unit. If the voltage value of the first electric signal
does not correspond to the last time unit, the processor 16
examines a voltage value corresponding to the next time
unit. On the other hand, if voltage value of the first electric
signal does correspond to the last time unit, the processor 16
ends the peak detection.

[0035] After the processor 16 ends the peak detection for
the first electric signal and calculates a plurality of peak
values, the processor 16 executes the step S140 to calculate
the heart rate of the user according to the peak values. As
shown in FIG. 3, the step S140 can be further divided to the
steps S142~S144. Specifically speaking, the processor 16
executes the step S142 to calculate a plurality of time
intervals among the peak values of the first electric signal.
To calculate the time intervals among the peak values of the
first electric signal, the processor 16 divides a difference
between every two adjacent peak values by the first sam-
pling rate. Then, the processor 16 executes the step S144 to
convert the time intervals into the heart rate of the user. The
processor 16 converts the time intervals into the heart rate of
the user according to the time intervals and a first heart rate
conversion equation, and the first heart rate conversion
equation is as follows.

BPM = 260
=
1l3]+13+1]
[0036] In the above equation, BPM is the heart rate, T is

the difference between two adjacent peak values, and n is the
number of the peak values.

[0037] According to the above descriptions, the heart rate
detection system provided by this embodiment can calibrate
the first electric signal generated by the light sensor by
removing the low-frequency noise signals or the high-
frequency noise signals caused by the environmental factors.
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Therefore, the heart rate detection system can precisely
calculate the heart rate of the user according to the calibrated
first electric signal.

[0038] [Another Embodiment of the Heart Rate Detection
System]
[0039] FIG. 4 shows a block diagram of a heart rate

detection system according to another embodiment of the
present disclosure.

[0040] The heart rate detection system provided by this
embodiment is usually configured in a wearable device, such
as a smart watch, a sports bracelet and the like. However,
how a user wears the wearable device is not restricted
herein. For example, the user can wear the wearable device
on his wrist.

[0041] To effectively find the noises and remove them,
different from the heart rate detection system provided in the
above embodiment, the heart rate detection system provided
in this embodiment further includes a motion sensor. By
using the motion sensor, the heart rate detection system can
capture a motion data of the human body, take the motion
data as a comparison data to find noises in the first electric
signal, and remove the noises from the first electric signal.
Compared with the heart rate detection system provided in
the above embodiment that calculates a low-frequency noise
signal or a high-frequency noise signal based on the first
electric signal and removes it, the heart rate detection system
provided in this embodiment can detect the user’s heart rate
more precisely.

[0042] As shown in FIG. 4, the heart rate detection system
provided in this embodiment includes at least one light
emitting unit 12, a light sensor 14, a motion sensor 15 and
a processor 16, and the processor 16 is coupled to the light
sensor 14, the motion sensor 15 and the light emitting unit
12.

[0043] The heart rate detection system instantly detects the
heart rate of a user also by using the PPG (Photoplethys-
mography; PPG). In brief, in this embodiment, the light
emitting unit 12 emits a light to a human body. Then, the
light sensor 14 detects a reflected light of the light, and
accordingly generates a first electric signal. At the same
time, the motion sensor 15 captures a motion data of the
human body and accordingly generates a second electric
signal. The heart rate detection system provided by this
embodiment calculates the heart rate of the user according to
the first electric signal generated by the light sensor 14 and
the second electric signal generated by the motion sensor 15.
[0044] Compared with the heart rate detection system
provided by the previous embodiment, the heart rate detec-
tion system provided by this embodiment additionally has
the motion sensor 15, and thus the processor 16 of the heart
rate detection system provided by this embodiment uses a
different operation method to calculate the heart rate of the
user.

[0045] FIG. 5, FIG. 6A and FIG. 6B are flow charts
showing steps of the heart rate calculation executed by the
processor of the heart rate detection system in FIG. 4.
[0046] In this embodiment, the processor 16 calculates the
heart rate of the user according to the first electric signal
generated by the light sensor 14 and the second electric
signal generated by the motion sensor 15, so that the
processor 16 will first execute the step S210 which helps to
do calculations for the first electric signal and the second
electric signal. As shown in FIG. 5, the processor 16
executes the step S210 to normalize the first electric signal
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and the second electric signal such that the amplitude of the
first electric signal and the amplitude of the second electric
signal become equal. Tt should be noted that, before execut-
ing the step S210, the processor 16 converts the first electric
signal and the second electric signal from time-domain
signals to frequency-domain signals.

[0047] As shown in FIG. 6-1 and FIG. 6-2, the step S210
can be further divided into the steps S212~S218. In the step
S212, the processor 16 samples the first electric signal and
the second electric signal respectively. In this embodiment,
the processor 16 samples the first electric signal and the
second electric signal according to a second sampling rate.
After sampling the first electric signal and the second
electric signal, the processor 16 obtains a plurality of
sampled values of the first electric signal and a plurality of
sampled values of the second electric signal. After that, in
the steps S214~S216, the processor 16 calculates an average
of the sampled values of the first electric signal and an
average of the sampled values of the second electric signal,
and calculates a standard deviation of the sampled values of
the first electric signal and a standard deviation of the
sampled values of the second electric signal. Finally, in the
step S218, the processor 16 calculates the amplitude of the
first electric signal and the amplitude of the second electric
signal according to the average and the standard deviation of
the first electric signal, and the average and the standard
deviation of the second electric signal. When the processor
16 completes the step S218, the first electric signal and the
second electric signal will have been normalized.

[0048] Further, to have enough data for calculation, in the
step S220, the processor 16 calculates and extends a fre-
quency range of the first electric signal and a frequency
range of the second electric signal by using an extrapolation
method. In this embodiment, the processor 16 uses the
Extrapolation by Reflection method to extend the frequency
range of the first electric signal and the frequency range of
the second electric signal. After that, the processor 16 filters
the first electric signal and the second electric signal, which
helps to do the following signal process.

[0049] In the step S230, the processor 16 samples the
filtered first electric signal and the filtered second electric
signal to obtain a first discrete value list and a second
discrete value list. It should be noted that, the first discrete
value list and the second discrete value list respectively
include a plurality of discrete values. The discrete values in
the first discrete value list are the signal data obtained after
the processor 16 samples the filtered first electric signal.
Likewise, the discrete values in the second discrete value list
are the signal data obtained after the processor 16 samples
the filtered second electric signal. In this embodiment, the
processor 16 uses the DFT (Discrete Fourier Transform;
DFT) method to sample the filtered first electric signal and
the filtered second electric signal and obtain the first discrete
value list and the second discrete value list.

[0050] As mentioned, the heart rate detection system pro-
vided by this embodiment takes the motion data of the
human body (i.e. the second electric signal) captured by a
motion sensor as a comparison data to find noises in the first
electric signal, and then removes the noises. To accomplish
this, in the step S240, the processor 16 calculates a dominant
value according to the discrete values in the first discrete
value list and the discrete values in the second discrete value
list, and this dominant value is related to the heart rate of the
user.
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[0051] How the processor 16 calculates the heart rate of
the user according to the discrete values in the first discrete
value list and the discrete values in the second discrete value
list is illustrated in the following descriptions. As shown in
FIG. 6-1 and FIG. 6-2, the step S240 can be further divided
into the steps S242~S248. In brief, the processor 16 executes
the steps S242~S248 to compare the discrete values in the
first discrete value list with the discrete values in the second
discrete value list, and then accordingly removes the noises
and determines the dominant value of the heart rate of the
user.

[0052] In the step S242, the processor 16 determines
whether the maximum one of the discrete values in the first
discrete value list is smaller than or equal to the maximum
one of the discrete values in the second discrete value list.
When the maximum one of the discrete values in the first
discrete value list is larger than the maximum one of the
discrete values in the second discrete value list, the proces-
sor 16 executes the step S243 to determine the maximum
one of the discrete values in the first discrete value list as the
dominant value. On the other hand, when the maximum one
of the discrete values in the first discrete value list is smaller
than or equal to the maximum one of the discrete values in
the second discrete value list, it indicates that the noises in
the first electric signal are enough to interfere the signal
actually related to the heart rate of the user. In this case, the
processor 16 executes the step S244 to remove the maxi-
mum one of the discrete values in the first discrete value list.

[0053] However, to more precisely determine how the
noises in the first electric signal can interfere the signal
actually related to the heart rate of the user, the processor 16
further executes the step S246. In the step S246, the pro-
cessor 16 determines whether a difference between the heart
rate previously calculated and the discrete value removed in
the step S244 is smaller than a threshold value. For example,
the threshold value can be set as 12. In this example, when
the difference between the heart rate previously calculated
and the removed discrete value is larger than or equal to 12,
it indicates that the discrete value removed in the step S244
is a noise. As a response, the processor 16 executes the step
S247 to take the maximum one of the remaining discrete
values in the first discrete value list as the dominant value.
On the other hand, when the difference between the heart
rate previously calculated and the removed discrete value is
smaller than 12, it indicates that the discrete value removed
in the step S244 is partially affected by the noises. As a
response, the processor 16 executes the step S248 to take an
average of the maximum one of the remaining discrete
values in the first discrete value list and the removed discrete
value as the dominant value.

[0054] The noises in the first electric signal will be
removed by the processor 16 according to the second
electric signal, and the dominant value related to the heart
rate of the user is determined by the processor 16 after the
processor 16 has executed the steps S242~S248. After that,
the processor 16 executes the step S250 to calculate the heart
rate of the user according to the dominant value. In this
embodiment, the processor 16 converts the dominant value
to the heart rate of the user by using a second heart rate
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conversion equation, and the second heart rate conversion
equation can be represented as below.

BPM=, cjeciea™ 00

[0055] In this equation, f,_,_.; is the dominant value,
which is the frequency selected by using DFT method.

[0056] The heart rate detection system provided by this
embodiment takes the motion data of the human body
captured by a motion sensor as a comparison data to find
noises in the first electric signal, and then removes the
noises. Therefore, the heart rate of the user can be more
precisely calculated according to the first electric signal in
which noises caused by body motions have been removed.

[0057] [One Embodiment of the Wearable Device]

[0058] The wearable device provided by this embodiment
has any heart rate detection system provided by the above
embodiments so that the wearable device is characterized by
precise heart rate detection. FIG. 7 shows a schematic
diagram of a wearable device using a heart rate detection
system according to one embodiment of the present disclo-
sure. For example, the wearable device can be a smart
watch, a sports bracelet or the like. It should be noted that,
where the wearable device should be worn is not restricted
in the present disclosure, and other details relevant to the
heart rate detection system configured in the wearable
device have been described in the above embodiments so
that repeated descriptions are omitted herein.

[0059] According to the above descriptions, by using the
heart rate detection system or the wearable device in the
present disclosure, the electric signal generated by the light
sensor can be calibrated. Specifically speaking, the low-
frequency noise signal or the high-frequency noise signal
caused by the environmental factors can be effectively
removed from the electric signal generated by the light
sensor, Therefore, the heart rate of the user can be calculated
precisely according to the calibrated electric signal.

[0060] Moreover, by using the heart rate detection system
or the wearable device in the present disclosure, the motion
data of the human body can be captured by a motion sensor
as a comparison data to find noises in the electric signal, and
then the noises can be removed from the electric signal.
Therefore, the heart rate of the user can be calculated more
precisely because the noises caused by body motions have
been removed from the electric signal generated by the light
Sensor.

[0061] The descriptions illustrated supra set forth simply
the preferred embodiments of the present disclosure; how-
ever, the characteristics of the present disclosure are by no
means restricted thereto. All changes, alterations, or modi-
fications conveniently considered by those skilled in the art
are deemed to be encompassed within the scope of the
present disclosure delineated by the following claims.

What is claimed is:

1. A heart rate detection system, comprising:

at least one light emitting unit, emitting a light to a human
body;

a light sensor, sensing a reflected light of the light and
accordingly generating a first electric signal; and

a processor, coupled to the light sensor and the light
emitting unit, configured to:
convert the first electric signal from a time-domain

signal to a frequency-domain signal;
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calculate a low-frequency noise signal according to the
first electric signal, and subtract the low-frequency
noise signal from the first electric signal;

calculate a high-frequency noise signal according to the
first electric signal, and subtract the high-frequency
noise signal from the first electric signal:

convert the first electric signal from the frequency-
domain signal to the time-domain signal;

execute a peak detection with respect to the first electric
signal according to a first sampling rate, and calcu-
late a plurality of peak values of the first electric
signal; and

calculate a plurality of time intervals among the peak
values according to the first sampling rate and the
peak values, and calculate a heart rate based on the
time intervals.

2. The heart rate detection system according to claim 1,
wherein the processor calculates the low-frequency noise
signal according to a low-frequency noise equation, and the
low-frequency noise equation is:

wherein Y[i] is the low-frequency noise signal, X[i+j] is
the first electric signal, and M is a sampling number.
3. The heart rate detection system according to claim 2,
wherein the processor is further configured to:
calculate the high-frequency noise signal according to a
high-frequency noise equation, and the high-frequency
noise equation is:

sti= Y ' zli+

j=0
M

wherein S[i] is the high-frequency noise signal, Z[i+]] is
the first electric signal having the low-frequency noise
signal removed, and M is the sampling number.

4. The heart rate detection system according to claim 3,

wherein the processor is further configured to:

examine a voltage value of the first electric signal corre-
sponding to each time unit, and the time unit is a
reciprocal of the first sampling rate; and

end the peak detection after examining the voltage value
of the first electric signal corresponding to the last time
unit;

wherein if one of the voltage values is larger than all of
the voltage values corresponding to the last three time
units and the next three time units and also larger than
an average of the voltage values corresponding to all
time units, the processor determines that the voltage
value is one of peak values of the first electric signal.

5. The heart rate detection system according to claim 4,

wherein the processor is further configured to:

dividing a difference between every two adjacent peak
values by the first sampling rate to calculate the time
intervals among the peak values; and

calculating the heart rate according to the time intervals
and a first heart rate conversion equation, and the first
heart rate conversion equation is:
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wherein BPM is the heart rate, T is the difference between
two adjacent peak values, and n is the number of the
peak values.
6. A heart rate detection system, comprising:
at least one light emitting unit, emitting a light to a human
body;
a light sensor, sensing a reflected light of the light and
accordingly generating a first electric signal;
a motion sensor, capturing a motion data of the human
body and generating a second electric signal according
to the motion data; and
a processor, coupled to the light emitting unit, the light
sensor and the motion sensor, configured to:
convert the first electric signal and the second electric
signal from time-domain signals to frequency-do-
main signals;

normalize the first electric signal and the second elec-
tric signal to make the amplitude of the first electric
signal and the amplitude of the second electric signal
equal,

calculate and extend a frequency range of the first
electric signal and a frequency range of the second
electric signal by using an extrapolation method, and
filter the first electric signal and the second electric
signal;

sample the first electric signal and the second electric
signal to obtain a first discrete value list and a second
discrete value list, wherein the first discrete value list
and the second discrete value list respectively
include a plurality of discrete values;

calculate a dominant value according to the discrete
values in the first discrete value list and the discrete
values in the second discrete value list; and

calculate a heart rate according to the dominant value.

7. The heart rate detection system according to claim 6,
wherein when normalizing the first electric signal and the
second electric signal, the processor is further configured to:

sample the first electric signal and the second electric
signal according to a second sampling rate to obtain a
plurality of sampled values of the first electric signal
and a plurality of sampled values of the second electric
signal,

calculate an average of the sampled values of the first
electric signal and an average of the sampled values of
the second electric signal;

calculate a standard deviation of the sampled values of the
first electric signal and a standard deviation of the
sampled values of the second electric signal; and

calculate the amplitude of the first electric signal and the
amplitude of the second electric signal according to the
average and the standard deviation of the first electric
signal and the average and the standard deviation of the
second electric signal.

8. The heart rate detection system according to claim 7,
wherein the processor executes a Discrete Fourier Transform
method with respect to the first electric signal and the second
electric signal to obtain the first discrete value list and the
second discrete value list, and when the maximum one of the
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discrete values in the first discrete value list is smaller than
or equal to the maximum one of the discrete values in the
second discrete value list, the processor is further configured
to:
remove the maximum one of the discrete values in the first
discrete value list;
determine whether a difference between the heart rate
previously calculated and the removed discrete value is
smaller than a threshold value;
take an average of the maximum one of the remaining
discrete values in the first discrete value list and the
removed discrete value as the dominant value when the
difference between the heart rate previously calculated
and the removed discrete value is smaller than the
threshold value; and
take the maximum one of the remaining discrete values in
the first discrete value list as the dominant value when
the difference between the heart rate previously calcu-
lated and the removed discrete value is larger than or
equal to the threshold value;
wherein the maximum one of the discrete values in the
first discrete value list is taken as the dominant value
when the maximum one of the discrete values in the
first discrete value list is larger than the maximum one
of the discrete values in the second discrete value list.
9. The heart rate detection system according to claim 8,
wherein the processor is further configured to:
calculate the heart rate according to the dominant value
and a second heart rate conversion equation, wherein
the second heart rate conversion equation is:

BPM=, piocred™ 60

wherein f,,, .., is the dominant value and related to a
frequency range of the heart rate.

10. A wearable device, comprising:

a heart rate detection system for instantly detecting a heart
rate of a user wearing the wearable device including:
at least one light emitting unit, emitting a light to a

human body;

a light sensor, sensing a reflected light of the light and
accordingly generating a first electric signal; and
a processor, coupled to the light sensor and the light

emitting unit, configured to:

convert the first electric signal from a time-domain
signal to a frequency-domain signal;

calculate a low-frequency noise signal according to
the first electric signal, and subtract the low-
frequency noise signal from the first electric sig-
nal;

calculate a high-frequency noise signal according to
the first electric signal, and subtract the high-
frequency noise signal from the first electric sig-
nal;

convert the first electric signal from the frequency-
domain signal to the time-domain signal;

execute a peak detection with respect to the first
electric signal according to a first sampling rate,
and calculate a plurality of peak values of the first
electric signal; and

calculate a plurality of time intervals among the peak
values according to the first sampling rate and the
peak values, and calculate a heart rate based on the
time intervals.
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