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Abstract

Human physiological signal communication attracts
many researchers today. However, the acquisition
accuracy of sensing signal in human body monitoring
system is not high enough. In this way, an amplification
acquisition method of human physiological sensing signal
is studied in this paper. Detailedly, when the
physiological sensing signals such as blood pressure,
heart rate and body temperature are collected by
physiological sensors, the weak signal is amplified by the
amplification circuit through both the preamplifier and
the reverse amplifier circuits. The current amplified
signal is converted to digital signal by the A/D
conversion device of micro control unit, and the digital
signal is filtered by the embedded discrete FIR algorithm
in DSP. Afterwards, the filtered digital signal is displayed
on LCD display interface to realize the -effective
acquisition of human physiological signal. Experimental
results show that the acquisition accuracy of this method
is more than 99%, and both the networking, connection
and acquisition time are all less than 50ms, which fully
indicates that the proposed method has a high practical
application value.

Keywords: Human physiological signal, Sensing signal,
Amplification acquisition, Amplifier circuit,
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1 Introduction

In recent years, the number of people who died from
heart diseases has increased year by year. Timely
detection and prevention of diseases in advance can
achieve good control of various chronic diseases. The
world’s population aging problem is serious, long-term
and sudden diseases need to be found and controlled in
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time. Today, human health monitoring is extremely
important because monitoring and analyzing human
physiological signals can timely detect and prevent
abnormalities [1]. Hospital monitoring equipment has
the defects of expensive and bulky [2-4], which cannot
meet the daily detection of human body. In this way,
the wearable, convenient and easy-carried monitoring
system is of high necessity since they can realize the
monitoring of human physiological signals without
affecting people’s normal life. Today, the
physiological signals are of great significance to the
monitoring and prevention of chronic diseases [5], and
can be applied to disease prevention and health
monitoring of individuals and families, saving social
medical resources and medical costs with strong
applicability.

At present, there are many researches on human
physiological information acquisition. VivoMetric has
developed a human physiological monitoring system
that can collect human physiological parameters. The
system is mainly used to monitor human ECG signals
and human physiological status by mobile terminals;
The MIThril project from the Media Lab studies the
context-aware wearable computer platform. It applies
human-computer interaction technology to the
researched wearable monitoring system, and uses
wireless communication to extract the physiological
sensing information and use it to provide the patients
“memory glasses” that can realize situational
perception. Fraunhofer IZM researched the sensory
shirt with soft electrodes placed inside to collect
human ECG signals, which can monitor various
physiological parameters such as blood oxygen, blood
pressure, and body temperature. In China, the Air
Force Institute of Aviation Medicine of the People’s
Liberation Army has studied equipment that can
monitor body temperature, ECG signals, and heart rate.
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Related research scholars have proposed the use of
multi-node and reflective methods for physiological
signal extraction, which has high scalability and can
realize the monitoring of many physiological
parameters.

Because Zigbee technology has various benefits
such as the high transmission rate, low cost, low power
consumption and long communication distance, it can
meet the needs of sensor signals in human body
communication. In this way, the proposed method
applies the amplified acquisition technology to the
sensor signals in human body communication with
simple operation, intelligence and wide coverage by
using Zigbee technology to validate the sensor signals
in human body communication, which fully considers
the noise interference in the process of acquisition of
sensor signals and uses discrete FIR algorithm to
improve the acquisition accuracy of sensor signals.

Overall, in order to further improve the collection
and transmission performance of human physiological
sensing signals, a research on amplification and
acquisition technology of signals in human body
communication is proposed. The research route is as
follows:

(1) Human body physiological sensors are used to
collect physiological sensor signals such as blood
pressure, heart rate and body temperature of the human
body.

(2) According to the collected physiological sensing
signal in human body, the amplifying circuit is used to
amplify the tracked weak signal through both the
preamplifier and the reverse amplifying circuit. Then,
by amplifying the AD conversion device of the micro-
control unit, the signal is digitally converted.

(3) The acquired digital signal is filtered by the
embedded discrete FIR algorithm in the DSP, and the
filtered digital signal is displayed on the LCD display
interface to realize the effective collection of human
physiological sensor signals.

2 Amplification and Acquisition in Human
Physiological Sensing Signal communi-
cation

2.1 Architecture
Technology

of ENlarge Acquisition

The amplified acquisition technology is applied to
the acquisition of signals such as human heart rate,
body temperature and blood pressure. The wearable
photoelectric pulse sensor is used to collect the pulse
waveforms of the finger and the arm arteries [6]. When
blood pressure is obtained, the tracking distance is
fixed, the sampling accuracy and frequency are
adjusted freely [7]. The collected physiological signals
in human body are converted into digital signals by the
AD conversion device of micro-control unit, and the

acquired digital signals are used to wvalidate the
processing and analysis of physiological data in human
body. Zigbee technology is also used for transmission
and communication of signals.

Figure 1 shows the architecture of amplified
acquisition technology of sensor signals for human
body communication in this paper.
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Figure 1. Architecture of amplified acquisition

technology

The sensor signals in human body communication
are validated by Zigbee technology. The front interface
is a physiological sensor of human body. The collected
signals are sent to the micro-control unit by using an
integrated signal conditioning circuit. The micro-
processing unit reserves many interfaces, which can
randomly add physiological sensors. It is with high
scalability, miniaturization and integration of
acquisition of physiological signals in human body.
The physiological sensor of human body is connected
with the micro-control unit circuit through wiring [8-
10]. Meantime, the micro-control unit validates AD
conversion, digital filtering and analysis of
physiological information in human body. The terminal
node of Zigbee and processor of micro-control unit use
SPI protocol to transmit data. The physiological
parameters in human body are received by Zigbee
nodes, and then send to the coordinator nodes using
wireless communication protocol. Finally, the
coordinator nodes transmit the data to the server.

2.2  Amplifier Circuit

The amplifier circuit converts the current signal
output by the physiological sensor of human body into
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a voltage signal, and amplifies it. The change of the
input power of the four-quadrant detector affects the
amplifier circuit [11]. In fact, when the input power is
in a range of 10nW-100uW, the weak signal can be
amplified and the accuracy of acquisition signals can
be improved.

A two-stage amplification method is used to validate
the amplification of circuit. Firstly, a preamplifier
circuit is used to convert the current signal to a voltage
signal. Then the voltage signal is output by the reverse
transimpedance amplifier circuit which can validate the
fixed gain. The output of the obtained voltage amplifier
circuit is made to meet the requirements for the range
of analog input signal of A/D.

2.2.1 Preamplifier Circuit

The collected signal is a physiological signal in
human body, which is relatively weak. The amplifier
circuit is required to have the characteristics of wide
dynamic range, low noise and high gain. The output
impedance of signal physiological source in human
body is required to be matched with the noise
characteristics of the preamplifier, and a higher
common-mode rejection ratio is used to obtain the best
noise characteristics [12]. The selected amplifier
should have characteristics of high stability, high
precision, strong interference capability and low noise.
When the amplifier is wused in a high-gain
transimpedance amplifier circuit, the bias current is
required to be low, which makes the caused DC bias of
the output in the amplifier circuit is low.

OPA376 is selected as the amplifier for acquisition
of sensing signals in human body. The amplifier has
the characteristics of high-gain stability, low noise and
low temperature drift. The maximum bias current and
the input offset voltage of the amplifier are 10pA and
25uV, input noise voltage and input noise current are
7.5nV and 2fA.

The pro-auto gain transimpedance amplifier circuit
is shown in Figure 2.

The control lable dynamic range of gain in the
transimpedance preamplifier circuit is 70-130dB. The
analog switch is used to switch the gain of the
amplifier circuit. The gain of the circuit is affected by
the on-resistance of the analog switch, and low on-
resistance can reduce the influence. The type of the
analog switch is ADGI1604, and the typical on-
resistance and off-leakage current of the analog switch
are 1Q and 0.InA. Compared with the feedback
resistance, the analog switch has a lower effect on the
amplification factor. Then, FPGA is used to control the
analog switch [13]. After the physiological signal in
human body is converted by A/D, FPGA receives the
signal and adjusts the control signal of analog switch
according to the signal size. It connects the analog
switch by one of the circuits to switch the gain of the
amplifier circuit. Thus, the amplier circuit has high
adaptability to different ranges of input signal.
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Figure 2. Automatic gain transimpedance amplifier
circuits

Parasitic capacitance may be formed at the input of
the amplifier. The parasitic capacitance and feedback
resistance form a log network during the conversion of
I/Vtransimpedance amplifier circuit. It causes the lag
of the phase of output voltage, and the lag phase causes
parasitic oscillations, which makes the stable
acquisition of sensor signals poor. It uses the advanced
compensation technology to compensate the phase [14-
16], which improves the stability of the transimpedance
amplifier circuit, which connects the compensation
capacitor in parallel to both ends of the feedback
resistor to ensure sufficient phase margin of the
amplifier circuit during the process of signal
acquisition.

2.2.2 Reverse Amplifier Clrcuit

The voltage signal is usually a negative output by
the transimpedance amplifier circuit. The reverse of the
voltage signal can be obtained to use the second-stage
amplifier circuit. Then, the circuit needs to fit the
requirements for the signal range of analog input of
A/D [17]. On the basis of adding the RC low-pass filter
circuit and the second-stage reverse amplification, the
out-of-band noise can be effectively suppressed by the
RC low-pass filter circuit, so the output signal has a
higher signal-to-noise ratio [18]. The second-stage
reverse amplifier circuit is shown in Figure 3.

The voltage signal outputting by the transimpedance
amplifier circuit can be amplified 14dB gain processed
by the reverse amplifier circuit, and the range of total
gain of the amplifier circuit processed by the second-
stage reverse amplifier circuit can be 95dB-160dB.
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Figure 3. Reverse amplifier circuit

2.3 Embedded discrete FIR in DSP

In order to further improve the acquisition accuracy
of sensing signals in human body, a filter is added on
the reverse amplifier circuit, which filters digitally to
the collected signals in human body [19].

The window function is used to design the FIR filter,
and the Kaiser function is selected to validate the FIR
filter of the acquisition of sensing signals in human
body [20-26]. The formula of the Kaiser window is as
follows:

Iom)(l—<l—2”)2j"
n—1

W= 1,(A)

1)

In formula (1), 4 and N represent the shape
parameter and filter length, which are determined by
the stopband attenuation, /,(x) denotes the first kind
of zero order Bessel function. The expansion formula
of the power series of /,(x) is as follows:

By using w, and wg denote the passband frequency
and stopband frequency, and 4 denotes the value of
stopband attenuation. The process of designing a low-
pass filter with the above parameters is as follows:

(1) Aw (width of filter band) and w,. (passband

frequency) are set as ideal conditions. The calculation
formula is as follows:

_ Wy Wy

e =22 3)

Aw=ws —w, “

(2)denotes the value of stopband attenuation, which
can obtain (the filter length) and (shape parameter).
The formula is as follows:

A—-7.84 N
_J13.25Aw/2 A>20dB
N= G)
0911 A<20dB
Aw/?2
0.1101(4—8.6) A>50dB

2=40.5731(4-20)"* +0.07775(4—20) 20<A<50dB (6)
0 A<20dB

(3) The formula for obtaining (the sample response)
of (Kaiser Window function) is as follows:

sin[w,(n—r)]

h[n]=h,[n—riwin] = win] (D)

z(n—r)

In formula (7), » is the filter order. Through the
above process, the filtering processing of the amplified
acquisition of sensor signals in human body
communication is validated[27-30]. And the accuracy
of the collected sensor signals of human body is
improved.

3 Results

In order to verify the effectiveness of the amplified
acquisition technology of sensor signals in human body
communication, the method in this paper is applied to
the body monitoring system. The system can display
physiological data of human body, collect heart rate,
blood pressure, body temperature and many other
physiological signals. The indexes of various
physiological parameters of the system are shown in
Table 1.

Table 1. Indexes of physiological parameters

Index Number
Range of blood pressure/mmHg 10-300
Accuracy of blood pressure/mmHg +6
Range of heart rate/(number/min) 40-190
Accuracy of heart rate/% +5
Accuracy of temperature /° 0.5
Range of temperature /° 0-50

3.1 Blood Pressure Data acQuisition

Ten adults with normal cardiovascular function and
good health were selected as testers. Two testers were
randomly selected to collect their blood pressure under
normal condition. In order to verify the accuracy of the
sensor signals in human body collected by the method
in this paper, the blood pressure collected by the
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method was compared with the blood pressure of
electronic sphygmomanometer. And the comparison

results are shown in Table 2.

Table 2. Comparison of blood pressure under normal condition

The proposed method Electronic sphygmomanometer

Number of testers ~ Test time Diastolic Blood Systolic Blood Diastolic Blood Systolic Blood

Pressure/mmHg Pressure/mmHg Pressure/mmHg Pressure/mmHg
1 8:30 86 126 85 124
1 8:40 84 125 83 126
1 8:50 82 124 83 125
1 9:00 83 126 84 128
1 9:10 81 128 82 126
1 9:20 81 126 82 127
2 8:30 75 118 76 120
2 8:40 76 116 78 118
2 8:50 71 121 72 123
2 9:00 78 118 79 119
2 9:10 73 119 75 121
2 9:20 82 115 81 116

The experimental results in Table 2 show that the
pulse rate of arterial blood pressure obtained by using
the method in this paper to collect sensor signals in
human body is similar to the result of the electronic
sphygmomanometer. It indicates that the blood
pressure data in the physiological parameters collected
by the proposed method has higher accuracy, which
can meet the requirements of acquisition accuracy of
sensor signals in human body. The accuracy of blood
pressure data using the proposed method is within
3mmHg, which meets the accuracy requirements of

Table 3. Comparison of collected heart rate

blood pressure measurement.
3.2 Heart Rate Data Acquisition

It uses the method in this paper to collect the heart
rate and body temperature obtained by the sensor
signals in human body of two testers, and compares
them with the heart rate monitor and the mercury
thermometer. The comparison results are shown in
Table 3.

Heart rate/min’

Body temperature/°

Number of testers  Test time

The proposed method Heart Rate monitor

The proposed method Mercury thermometer

1 8:30 79
1 8:40 77
1 8:50 76
1 9:00 75
1 9:10 78
1 9:20 76
2 8:30 83
2 8:40 89
2 8:50 86
2 9:00 84
2 9:10 85
2 9:20 86

78 36.8 36.7
76 36.7 36.6
75 36.5 36.5
76 36.4 36.5
77 36.5 36.4
77 36.8 36.9
84 36.7 36.8
90 36.5 36.7
84 36.6 36.7
86 36.8 36.6
87 36.6 36.6
88 36.7 36.8

The experimental results in Table 3 show that the
accuracy of the heart rate and body temperature
collected by the method in this paper is higher. The
error of the collected heart rate with the proposed
method is within two beats in one minute. The error of
the collected body temperature is within 0.2°. It
effectively verifies the acquisition performance of
sensor signals in human body of this method. Through
the collected physiological sensor signals, the

diagnosis and treatment of chronic diseases in human
body can be validated. The amplified acquisition
technology of sensor signals in human body
communication, which uses Zigbee technology to
validate data transmission, is convenient for doctors to
analyze and guide the collected physiological data of
human body, then monitor the human body health
constantly.

Under the above experimental data, the overall
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experimental scheme is set as follows: physiological
signal acquisition accuracy, throughput, sampling
period, signal acquisition quantity, communication
efficiency and time performance as the experimental
comparison indexes, and the proposed method is
compared with multi node method and reflective
method.

3.3 Comparison of Physiological
Acquisition Accuracy

Signal

When the body monitoring system works at the rated
acquisition rate, the conversion accuracy of discrete
subsamples determines the acquisition accuracy and
the limit of the system accuracy, which is the accuracy
of analog-to-digital converter. Acquisition accuracy
refers to the difference between the actual output and
the theoretical output of the body monitoring system.
The sum of all errors in the system determines the
acquisition accuracy of different methods. The results
are shown in Figure 4, which are the acquisition
accuracy of the sensor signals in human body of 10
testers through the method in this paper.
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Figure 4. Comparison of acquisition accuracy

The experimental results in Figure 4 show that the
acquisition accuracy of the physiological sensor data in
human body of the testers using the method in this
paper is higher than 99%. The acquisition accuracy
using the other two methods is lower than 98.5%. The
results effectively verify that the method in this paper
has a high acquisition accuracy of physiological sensor
data in human body.

3.4 Throughput Comparison

Throughput rate, passing rate and sampling
frequency determine the acquisition rate of sensor
signals in human body collected by different methods.
The acquisition rate refers to the number of acquisition
completed by the input analog signal in a unit time
under the condition that the accuracy index is met. It is
the number of sub-samples collected by each channel

of the system per second. The results collecting
throughput rate with different methods are shown in
Figure 5.
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Figure 5. Comparison of throughput rate with different
methods

The experimental results in Figure 5 show that the
method in this paper collecting sensor signals in human
body has a high throughput rate. The throughput of this
method is higher than 99%. The throughput rate
collecting by the other two methods is lower than
98.5%. It effectively verifies that the method in this
paper has a higher throughput rate. When applying the
method in this paper to the body monitoring system, it
can improve the transmission rate of the system.

3.5 Comparison of Sampling Periods

The sampling period corresponds to the acquisition
rate in the time domain, and the sampling period can
effectively reflect the time requirement for the
collecting a piece of data. The results of the sampling
period with different methods are shown in Figure 6.
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Figure 6. Comparison of sampling period with
different methods
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Table 4. Changes of dynamic range

Acquisition The Proposed Method/dB The Multi-node Method/dB The Reflection Method/dB
time/s Dynamic Range Instan?aneous Dynamic Range Instant.aneous DynamicRange InstanFaneous
Dynamic Range DynamicRange Dynamic Range
0 125 135 105 118 92 125
40 118 145 95 116 94 134
60 124 136 94 124 93 128
80 116 145 93 116 97 123
100 114 135 105 134 91 127
120 123 134 114 125 105 119
140 117 135 105 129 94 105
160 116 126 98 114 94 115
180 125 136 117 126 95 104
200 134 148 105 121 105 125

The experimental results in Figure 6 show that the
sampling period of different signal quantities for
collecting the physiological sensor data in human body
by the method in this paper is less than 100ms. The
sampling periods of multi-node method and reflection
method are higher than 100ms. It verifies that the
method in this paper has a higher acquisition rate.

3.6 Comparison of Signal Acquisition Quantity

The dynamic range of the signal refers to the
number of decibels between the maximum amplitude
and the minimum amplitude of the collected sensor
signals in human body. The dynamic range of sensor
signals in human body collected by different methods
refers to the number of decibels between the maximum
amplitude and the minimum amplitude by the first digit
input. The maximum allowable amplitude and the
minimum allowable input are respectively the
minimum input amplitude at which the amplifier is
saturated and the equivalent input noise level. When
high-precision acquisition of physiological sensor data
in human body is with a large dynamic range, the
instantaneous dynamic range is another important
indicator for evaluating the acquisition performance.
The maximum value of the radio of the maximum
frequency component amplitude to minimum
frequency component amplitude of the sensor signals
in human is the instantaneous dynamic range within a
fixed time.

The results of dynamic range and instantaneous
dynamic range with three methods are shown in Table
4.

The experimental results in Table 4 show that the
dynamic range and instantaneous dynamic range of
physiological sensor data in human body collected by
this method are higher compared with the other two
methods. The method in this paper can effectively
validate the amplification of sensor signals in human
body and improve the acquisition bandwidth of sensor
signals in human body. The high acquisition
performance can be applied to the actual monitoring of
physiological signals in human body.

The number of physiological signals in human

bodyis collected within 200s, which are collected by
the method in this paper. The results compared with
the other two methods are shown in Figure 7.
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Figure 7. Comparison of quantity of signal acquisition with different methods

The experimental results in Figure 7 show that the
number of sensor signals in human body collected by
the method in this paper is significantly higher than
that of the other two methods. It verifies that the
proposed method has higher effective acquisition.
According to the experimental results, the method in
this paper is more convenient for doctors and guardians
to analyse human body conditions based on sensor
signals in human body, which is suitable to be widely
used in collecting sensor signals in human body.

3.7 Comparison of Communication Efficiency

The method in this paper is applied to the body
monitoring system. Zigbee technology is used to
validate signal communication. The performance of
collecting  sensor signals in human body
communication is  extremely important. The
relationship between the distance of collecting the
sensor signals in human body communication and the
bit error by the method in this paper is tested.
Acquisition sensors of physiological signal are placed
in various parts of the human body, and relevant data
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are recorded every 2 meters. The communication
differences in the process of signal acquisition by the
method in this paper are counted in indoor and outdoor
situations. The ratio of the normal receiving data
packets to all data packets sent by the physiological
signal sensor with different methods is calculated
under different distances. The results are shown in
Figure 8.

The experimental results in Figure 8 show the
effective communication rate when the acquisition
environment is indoors is significantly higher than
outdoors through the method in this paper. The
effective communication rate under the measurement
range within 10meters is significantly higher than that
more than 10meters. The effective communication rate
of this method for collecting sensor signals in human
body is higher than the other two methods under
different distances. It is verified that the method of this
paper has higher effective communication rate, which
can improve the communication performance of the
body monitoring system.

3.8 Time Performance Comparison

The results are shown in Table 5 with the network
time, connection time and acquisition time of the
sensor signals in human body of 10 testers using the
method in this paper.

The experimental results in Table 5 show that the
network time, connection time, and acquisition time
are all less than 50ms using the method in this paper to
collect physiological information in human body. The
network time, connection time, and acquisition time
are higher than 50ms using the multi-node method and
reflection method. The acquisition time of the
reflection method is higher than 200ms. It verifies that
the method in this paper has high real-time
performance for collecting physiological information
in human body. The real-time performance is of great
importance for understanding the human health status
in real time. The experimental results effectively verify
that the method in this paper has high real-time, which
is suitable for collecting physiological information in
human body that requires a high time delay.

Table 5. Comparison oftime performance
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Figure 8. Efficient communication rates in different
distances with different methods

The method in this paper/ms

The multi-node method /ms

The reflection method /ms

Number  Network Connection Acquisition Network Connection Acquisition Network Connection Acquisition

Time Time Time Time Time Time Time Time Time
1 15 35 49 58 82 126 72 125 269
2 13 26 42 59 84 135 81 134 284
3 16 27 43 85 86 165 76 182 236
4 17 24 46 43 83 187 73 135 208
5 18 28 48 61 76 124 64 123 265
6 16 26 45 58 81 136 46 124 278
7 15 21 42 61 76 129 75 125 268
8 17 28 46 67 82 134 79 116 234
9 19 29 38 68 83 158 81 128 275
10 13 24 45 69 86 137 91 134 298
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4 Discussion

The amplified acquisition technology of sensor
signals in human body communication. In the process
of collecting sensor signals in human body, it is
necessary to ensure the correctness of the acquisition
method and the scientific and integrity of the collected
signals. Then the confidence of monitoring
physiological data in human body is improved to
ensure the safety of the process in signal acquisition.
The amplified acquisition technology is applied to the
sensor signals in human body communication. And the
Zigbee technology is used to validate the wireless of
sensor signals in human body communication. The
working frequency of Zigbee technology is 2.4GHz,
which has a higher application. Zigbee technology is
applied to the sensor signals in human body
communication, and the main advantages are as
follows:

(1) Low power consumption

Compared with other wireless sensor networks,
physiological sensors in human body have higher
power consumption requirements. They usually use
batteries to power wearable sensor nodes. Zigbee can
support sleep mode, with the advantage of low power
consumption, lower activation time and lower
networking time. One to two years of continuous
working time can be achieved with the use of AA
batteries. Bluetooth has a short working time. Wi-Fi
has the largest power consumption in practical
applications, which can only last a few hours used with
physiological sensors in human body.

(2) Communication security

Zigbee has high communication security. When
collecting sensor parameters in human body, the
collected physiological data in human body is closely
related to people’s physical conditions. So the safety is
of high significance. High privacy is required when
collecting physiological data in human body. Zigbee
can provide high authentication information and
encryption to improve the security of communication
networks.

(3) Network topology

Zigbee has three topological structures: mesh, star
and tree. It has high network expansion performance.
A single topology of Zigbee can set up 256 nodes,
which can be applied to large-scale sensor network.
Bluetooth technology only has a single network
structure. And a single network can only accommodate
a small number of nodes, which is not suitable for
large-scale sensor network.

(4) Low cost

The monitoring of physiological data in human body
is suitable for household health monitoring, so its low
cost is extremely important. Zigbee has a lower cost
and is suitable for collecting sensor data in human
body.

(5) High transmission rate

The data transmission rate in the process of
acquisition of sensor signals in human body is
extremely important. The acquisition frequency and
transmission rate of ECG acquisition in medical
treatment are usually 200Hz and 72KB/s. The
acquisition frequency of body temperature and blood
pressure is low, and the data transmission rate is less
than 10KB. Zigbee has a high transmission rate, which
can meet the requirements of transmission rate of
physiological sensor information in human body.

5 Conclusion

In order to improve the performance of human
physiological sensing signal communication, the
amplification and acquisition technology in human
physiological sensing signal communication is
proposed. The performance of the technology is
verified from both theoretical and experimental aspects.
The technology has low power consumption and high
transmission efficiency in the amplification and
acquisition ~ of  physiological  sensing  signal
communication. It fully shows that the technology has
high effectiveness in collecting human physiological
sensing signals, can effectively avoid interference
noise interference on human physiological sensing
signals, and has high communication performance. In
the future research work, we will focus on the
transmission efficiency to meet the needs of efficient
transmission.

Acknowledgments

This work was supported by the Natural Science
Foundation of Hunan Province with No. 2020JJ5368;
Natural Science Foundation oflnner Mongolia with No.
2018MS6010; Foundation Science Research Start-up
Fund of Inner Mongolia AgricultureUniversity with No.
JC2016005; Scientific Research Foundation for
Doctors of Inner Mongolia Agriculture University with
No. NDYB2016-11; the Innovation and Entrepreneurship
Training Program of Hunan Xiangjiang Artificial
Intelligence Academy, and the Educational Reform
Project of Hunan Xiangjiang Artificial Intelligence
Academy.

This work is also supported by the National key
R&D Program of China under Grant No. 2018YFB
0203901 and the Key Research and Development
Program of Shaanxi Province (No. 2018ZDXM-GY-
036) and Shaanxi Key Laboratory of Intelligent
Processing for Big Energy Data (No. IPBED7).

References

[17 S.Liu, C. L. Guo, F. Al-Turjman, K. Muhammad, V. H. C. de
Albuquerque, Reliability of response region: A novel



1658 Journal of Internet Technology Volume 22 (2021) No.7

mechanism in visual tracking by edge computing for IIoT
environments, Mechanical Systems and Signal Processing,
Vol. 138, pp. 106537, April, 2020.

[2] J. T. Niu, T. Cai, S. X. Duan, H. Feng, X. M. Zhang,
Communication Network in Dynamic Wireless Power

Transfer System, Journal of Power Supply, Vol. 16, No. 6, pp.

117-124, 2018.

[31 Z. A. Yu, H. Zou, J. J. He, K. X. Zhao, Design of high
precision battery voltage acquisition system, Chinese Journal
of Power Sources, Vol. 42, No. 7, pp. 977-980, July, 2018.

[4] B. H. Chen, J. Ma, W. Q. Fang, Design of intelligent
temperature acquisition system based on MSP430F149,
Automation & Instrumentation, Vol. 246, No. 4, pp. 93-96,
April, 2020.

[5] S. Liu, S. Wang, X. Y. Liu, C. Lin, Z. Lv, Fuzzy Detection
aided Real-time and Robust Visual Tracking under Complex
Environments, /EEE Transactions on Fuzzy Systems, Vol. 29,
No. 1, pp. 90-102, January, 2021.

[6] W. Liu, J. Dong, D. G. Duan, C. Y. Zheng, Accuracy
Estimation of Transmission Characteristic Data Acquisition
under the Internet Environment, Computer Simulation, Vol.
35, No. 5, pp. 371-374, May, 2018.

[7] 1. Mizeva, V. Dremin, E. Potapova, E. Zherebtsov, 1. Kozlov,
A. Dunaev, Wavelet Analysis of the Temporal Dynamics of
the Laser Speckle Contrast in Human Skin, [EEE
Transactions on Biomedical Engineering, Vol. 67, No. 7, pp.
1882-1889, July, 2020.

[8] E. Fotiadou, T. Konopczynski, J. Hesser, R. Vullings, End-to-
end trained encoder—decoder convolutional neural network
for fetal electrocardiogram signal denoising, Physiological
Measurement, Vol. 41, No. 1, pp. 015005, January, 2020.

[9] G. Ge, Y. Z. Zhang, J. J. Shao, W. J. Wang, W. L. Si, W.
Huang, X. C. Dong, Stretchable, Transparent, and Self-
Patterned Hydrogel-Based Pressure Sensor for Human
Motions Detection, Advanced Functional Materials, Vol. 28,
No. 32, pp. 1802576, August, 2018.

[10] I. Galvan, Physiological compartmentalization as a possible
cause of phylogenetic signal loss: an example involving
melanin-based pigmentation, Biological Journal of the
Linnean Society, Vol. 125, No. 4, pp. 760-765, December,
2018.

[11] R. S. Kasbekar, Y. Mendelson, Evaluation of key design
parameters for mitigating motion artefact in the mobile
reflectance PPG signal to improve estimation of arterial
oxygenation, Physiological Measurement, Vol. 39, No. 7, pp.
075008, July, 2018.

[12] D. Q. Wang, W. B. Guo, H. F. Wu, L. F. Gao, An Estimation
Method of Quadriceps Femoris Contraction Strength Using
Mechanomyography Signal, Chinese Journal of Sensors and
Actuators, Vol. 31, No. 11, pp. 1700-1706, November, 2018.

[13] X. P. Zhong, M. K. Law, C. Y. Tsui, A. Bermak, A Fully
Dynamic Multi-Mode CMOS Vision Sensor with Mixed-
Signal Cooperative Motion Sensing and Object Segmentation
for Adaptive Edge Computing, /IEEE Journal of Solid-State
Circuits, Vol. 55, No. 6, pp. 1684-1697, June, 2020.

[14] R. Bautista, J. R. Buck, Detecting Gaussian Signals Using

(18]

[19]

(20]

(23]

Coprime Sensor Arrays in Spatially Correlated Gaussian
Noise, IEEE Transactions on Signal Processing, Vol. 67, No.
S, pp- 1296-1306, March, 2019.

S. Liu, D. Y. Liu, G. Srivastava, D. Potap, M. Wozniak,
Overview and methods of correlation filter algorithms in
object tracking, Complex & Intelligent Systems, doi:
10.1007/s40747-020-00161-4, June, 2020.

Y. J. Gan, J. C. Zheng, Q. Li, X. F. Yang, G. M. Gan, Q. B.
Jiang, Measurement of Muti-Physiological Parameter Based
on Reflected Detection Method, Chinese Journal of Electron
Devices, Vol. 41, No. 2, pp. 512-515, 2018.

Q. C. Zhang, M. Li, J. Jiang, Study on data acquisition system
based on reconfigurable cache technology, Review of
Scientific Instruments, Vol. 89, No. 3, pp. 035110, March,
2018.

Y. Lu, S. H. Lv, X. D. Wang, X. M. Zhou, A Survey on WiFi
Based Human Behavior Analysis Technology, Chinese
Journal of Computers, Vol. 42, No. 2, pp. 231-251, February,
2019.

F. Ang, L. Chen, N. Zhao, Y. Chen, F. R. Yu, Robust Design
for Massive CSI Acquisition in Analog Function
Computation Networks, [EEE Transactions on Vehicular
Technology, Vol. 68, No. 3, pp. 2361-2373, March, 2019.

J. Qian, C. Masouros, A. Garcia-Rodriguez, Partial CSI
Acquisition for Size-Constrained Massive MIMO Systems
with User Mobility, [EEE Transactions on Vehicular
Technology, Vol. 67, No. 9, pp. 9016-9020, September, 2018.

W. Wei, B. Zhou, D. Potap, M. Wozniak, A regional adaptive
variational PDE model for computed tomography image
reconstruction, Pattern Recognition, Vol. 92, pp. 64-81,
August, 2019.

W. Wei, X. Xia, M. Wozniak, X. L. Fan, R. Damasevicius, Y.
Li, Multi-sink distributed power control algorithm for Cyber-
physical-systems in coal mine tunnels, Computer Networks,
Vol. 161, pp. 210-219, October, 2019.

W. Wei, H. B. Song, W. Li, P. Y. Shen, A. Vasilakos,
Gradient-driven parking navigation using a continuous
information potential field based on wireless sensor network,
Information Sciences, Vol. 408, pp. 100-114, October, 2017.

[24] W. Wei, Q. Xu, L. Wang, X. H. Hei, P. Y. Shen, W. B. Shi, L.

[26]

[27]

(28]

Shan, GI/Geom/1 queue based on communication model for
mesh networks, International Journal of Communication
Systems, Vol. 27, No. 11, pp. 3013-3029, November, 2014.
W. Wei, X. Fan, H. Song, X. Fan, J. Yang, Imperfect
information dynamic Stackelberg game based resource
allocation using hidden Markov for cloud computing, /EEE
Transactions on Services Computing, Vol. 11, No. 1, pp. 78-
89, January-February, 2018.

W. Wei, J. Su, H. B. Song, H. Wang, X. M. Fan, Cdma-
based anti-collision algorithm for epc global c1 gen2 systems,
Telecommunication Systems, Vol. 67, No. 1, pp. 63-71,
January, 2018.

Q. Ke, J. S. Zhang, H. B. Song, Y. Wan, Big data analytics
enabled by feature extraction based on partial independence,
Neurocomputing, Vol. 288, pp. 3-10, May, 2018.

Q. Ke, J. S. Zhang, W. Wei, D. Potap, M. Wozniak, L.



Amplified Acquisition of Physiological Signal in Human Body Communication 1659

Kos$mider, R. Damasevicius, A neuro-heuristic approach for
recognition of lung diseases from X-ray images, Expert
Systems with Applications, Vol. 126, pp. 218-232, July, 2019.

[29] S.Y.Qi, Y. S. Lu, W. Wei, X. F. Chen, Efficient Data Access
Control with Fine-Grained Data Protection in Cloud-Assisted
WIoT, IEEE Internet of Things Journal, 10.1109/JI0T.2020.
3020979, September, 2020.

[30] S.Y.Qi, Y. Q. Zheng, X. F. Chen, W. Wei, Ants can Carry
Cheese: Secure and Private RFID-Enabled Third-Party
Distribution, /EEE Transactions on Dependable and Secure
Computing, 10.1109/TDSC.2020.3026191, September, 2020.

Biographies

Zhiyuan Liu got his MSc from
Harbin Engineering University, China
in 2001, and now Ph.D. candiadate at
Harbin Engineering University. His
4 main research domains are sensing

measurement and communication

engineering. He has worked in 49th
Research Institute of China Electronics Technology
Group Corporation, and published more than 10 papers.

Wei Wei received Ph.D. degrees from

Xi’an Jiaotong University, Xi’an,

China in 2011. He is currently an

= Associate Professor with the School
() of Computer Science and Engineering,

e Xi’an University of Technology,
_EL‘- p Xi’an. His current researchinterests
2 include wireless networks, mobile

computing, and pervasivecomputing. He has published
around100 research papers.

Weina Fu got her Ph.D. from Inner
Mongolia University in 2012. Her
main research domain is computer
vision and video tracking. Now, she is
a lecturer in Hunan Normal University.
She published more than 10 papers,
and hold 3 fundations.








<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF005b683964da300c9ad86a94002851fa8840002b89d27dda0029300d005d0020005b683964da300c8f3851fa0033003000300064002851fa88400029300d005d00204f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9.354330
      /MarksWeight 0.141730
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


