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This research mainly focuses on the integration of
electronic control units like analogous active suspension
systems. In addition to adjusting the elastic coefficient K
value of the air spring and the damping coefficient C
value of the hydraulic damper, this system also includes
the monitoring of the vehicle height, the pressure value of
the air spring and the sensor of the six-axis inertial
motion. After the system receives the signal from the
sensor, it uses the microprocessor to calculate and adjust
the air spring and hydraulic damper; or the vehicle's
image monitoring unit, with the LIDAR and lens, prescans the road conditions ahead, and uses CAN Bus
transmits instructions to the microprocessor, and controls
the air spring and hydraulic damper through the
microprocessor.

Abstract—This research integrates the electronic control
unit of the analogous active suspension system, which
includes the adjustment of adjustable air springs, adjustable
hydraulic dampers, and a variety of sensors, and retains the
CAN Bus node, which can communicate with other
electronic control units . This system can adjust the elastic
coefficient K value of the spring and the damping coefficient
C value of the hydraulic damper simultaneously through
electronic control according to the different road conditions
or user preferences. It also integrates the height, pressure
value and six-axis inertia. The measuring sensor can
monitor the dynamic characteristics of the car body. The
suspension system is regulated by the electronic control unit
to improve the comfort or handling during riding.
Index Terms—analogous active suspension, K vale, C value,
electronics control unit, controller

II. SYSTEM STRUCTURE
I. INTRODUCTION

Fig. 1 shows the composition of the analogous active
suspension system where in the system comprises a
controller, an air spring, solenoid valves, compressors,
pressure relief valves, an accumulator, a hydraulic
damper, motors, motor drives, and sensors, etc. Related
parts. As a analogous active suspension system, in
addition to the selection of air springs and hydraulic
dampers with variable characteristics, the indispensable is
the controller used in the system. Of course, under the
premise that the system is electronic, its control methods
are all transmitted by digital signals. Therefore, the
solenoid valve that regulates the spring coefficient K
value, the damping coefficient C value motor, and the
controller form a dynamic suspension system-like An
important component of electronics.
Among them, the air compressor is a part that provides
air in the air cylinder, which can pump external air into
the air cylinder to provide the amount of air required by
the air spring; the purpose of the pressure relief valve is
to store the air in the air cylinder to the maximum value,
The pressure relief valve will keep the channel closed to
keep the internal gas from leaking. Therefore, in
analogous active suspension system, the air intake and

At present, the types of suspension systems for
vehicles on the market can be roughly divided into
passive, semi-active [1], and active[2]. Passive
suspension needs to rely on inherent mechanical
characteristics to cope with the current road conditions,
so if the vehicle is driving on bumpy roads, the shaking
will be more obvious; active suspension system requires
additional design of actuators, which can generate force
by themselves. Coupled with sensor monitoring, control
the spring and damper. Active suspension not only costs
more, but also consumes more energy. Therefore, the
analogous active suspension system is proposed in [3],
which is characterized by no need to install additional
actuators, but regulates air springs and hydraulic dampers
for existing suspension structures. This kind of
suspension system not only improves the shortcomings of
passive suspension fixing rigidity, but also solves the
problem of high energy consumption of active suspension
system.
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drain of the air spring are delivered in a high-pressure
manner to shorten its response time; the motor is one of
the parts that regulate the hydraulic damper, and its
purpose is to replace the manual adjustment. In this way,
the controller adjusts the motor’s forward or reverses
rotation and the number of turns to adjust the external
screw of the shock absorber to change the size of the
internal oil passage, thereby changing the damping
coefficient C value.

Figure 3. Angle sensor

The model of the pressure sensor is 92CP8-11-ENV, as
shown in Fig. 4. It is a piezoelectric sensor that can
monitor the pressure value inside the air spring. When the
pressure inside the spring is higher, the spring is harder;
on the contrary, when the pressure inside the spring is
smaller, the spring is softer. Therefore, in analogous
active suspension system, the current status of the vehicle
suspension can be known through the reading of the
pressure sensor, and the air spring can be softened or
hardened according to the road conditions in front of the
vehicle in a timely manner to make the passengers feel
comfortable.

Figure 1. System schematic diagram[3]

Among them, in order to be able to automatically
adjust the suspension system, the microprocessor is used
as the core, and the solenoid valve, motor and sensor
form the electronic control unit of the suspension system,
as shown in Fig. 2. The following will introduce the
various applications and components of the electronic
control unit.
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The model of the six-axis gyroscope is ISM330DLC, as
shown in Fig. 5. It can detect the three directions of threedimensional space and Roll, Pitch, Yaw, a total of six
directions of movement, and its data transmission type is
SPI communication protocol. After the six-axis
gyroscope is installed in analogous active suspension
system, it can monitor multiple different moving
directions of the vehicle, and make appropriate
compensations through the air spring to reduce the
deviation of the vehicle's center of gravity.

SPI

Sensor unit
Angle
Pressure
Six axis

Figure 2. System electronics control unit

A. Sensor Unit
In this electronic control unit, there are three types of
sensors: angle, pressure and six-axis gyroscope. Among
them, the model of the angle sensor is RTY360LVNAX,
as shown in Fig. 3. The sensing principle of this sensor is
the Hall effect, which is a piezoelectric sensor with a
measurement range of up to 360 degrees. Calculate the
height of the vehicle chassis from the ground through the
angle. After the vehicle is installed with this sensor, it can
monitor whether the vehicle chassis is kept on the same
horizontal plane. If the vehicle body rolls at an
excessively large angle, the air spring can be used to
reduce the degree of roll and slow down the shaking of
the vehicle body.

© 2021 Int. J. Mech. Eng. Rob. Res

Figure 5. Six axis sensor

B. Motor Driver and Motor
The motor usually needs a driver to control it through a
microprocessor. This system uses L298N and flywheel
diodes to form three sets of half-bridge circuit drivers as
shown in Fig. 6. Fig. 7 is the motor selected for this
research, which is a three-phase stepping motor. Fig. 8 is
a schematic diagram of the three-phase motor coils. U, V,
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and W, are three coils respectively. Using the six-step
square wave excitation meter shown in Table I, the digital
I/O port of the microprocessor follows the instructions in
the table and Can drive motors.
When the motor rotates clockwise, the oil passage
inside the damper will become smaller due to the orifice,
which will increase the damping coefficient C value; on
the contrary, when the motor rotates counterclockwise,
the oil passage inside the damper will change due to the
orifice. Larger, the damping coefficient C value becomes
smaller.

vents the internal gas to the atmosphere, and the internal
pressure of the spring As it becomes smaller, the spring
becomes softer.
D. Microcontroller
There are many microprocessors on the market that
can be used as the core of the vehicle's electronic control
unit. In this study, a 32-bit car gauge microcontroller is
used as the control core, the model is XMC4700F144K2048AA, the oscillation frequency is up to
144MHz, and the working voltage is 3.3 V. This chip
contains a lot of cells, and its internal structure is shown
in Fig. 9. In this system, digital I/O, analog input lines,
Timer, SPI, CAN bus and other related units are used.

Figure 6. Motor driver

Figure 7. 3 Phase motor
Figure 9

E. Control Panel
After introducing the relevant components and
applications used in the above electronic control unit, the
following is the control board integrated and designed in
this research. The control board integrates the relevant
parts of the above electronic control unit, as shown in Fig.
10. In this controller, it can be divided into four major
units: power circuit, solenoid valve control circuit, motor
control circuit, and sensor related circuit, which will be
described in detail below.
The power circuit is very important in the controller. If
the power supply of the system is unstable, it will cause
the system to fail, which will increase the danger brought
by driving. Considering that the system will be installed
on the vehicle in the future, the power conversion on the
controller is all DC to DC, that is, 12 volts are used as the
conversion to obtain 3.3 V and 5 V. This research uses
ZLDO1117 series chips as power conversion. The chip
integrates both step-down and voltage stabilization
circuits, so it can save a lot of space.
The function of the solenoid valve control circuit is to
control the air spring intake and discharge. This study
uses MOSFET as its electronic switch, the model is
P65NF06. The microprocessor controls whether the
solenoid valve conducts the signal to the base of the
MOSFET, and then conducts the gas. Since the
microprocessor itself is a low-power control chip, the
output voltage of the digital I/O port is 3.3 V. If the
solenoid valve needs to be successfully pushed, it needs

Figure 8. Motor internal diagram

TABLE I.
U Phase
V Phase
W Phase

1
+
－

MOTOR EXCITATION

2
－
+

3
－
+

4
－
+

5
+
－

6
+
－

C. Solenoid Vavle
This system controls the opening and closing of the
solenoid valve through the digital I/O port of the
microprocessor to regulate the air spring intake or
discharge. When 5 V is delivered to the solenoid valve,
its circuit will be turned on; on the contrary, when the
voltage is lower than 5 V, the circuit will remain closed.
Among them, one solenoid valve is needed for air intake
and exhaust air to control the conduction of air. When the
intake solenoid valve is turned on, the air reservoir pours
air into the air spring to increase the internal pressure of
the spring and the spring becomes hard; on the contrary,
when the bleed solenoid valve is turned on, the air spring
© 2021 Int. J. Mech. Eng. Rob. Res

XMC4700 internal unit
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at least 5 V. Therefore, in the solenoid valve control
circuit, The Schmitt trigger 7414 is used to increase the
original output voltage to 5 V, while reducing external
interference to successfully drive the solenoid valve to
open or close.
The control circuit of the motor is as described above,
and the driver is the control circuit of the motor. The
microprocessor sends a signal to the motor driver L298N
to drive the rotation of the motor, thereby changing the
size of the oil passage inside the damper.
The sensor-related circuit is relatively simple, except
for the conventional power line, ground and signal, as
well as a filter circuit composed of 10 K resistors and
0.1uF. The six-axis gyroscope uses the SPI
communication protocol for data transmission, so there is
no filter circuit, but directly converts the read value inside
the chip according to the communication specification
and directly transmits it to the microprocessor[4]-[7].

and motor according to the received command; the sensor
reads as Jump from the main program to the sub-program
every 70 ns, read the voltage signal of the sensor and
convert it at the same time to ensure that the system has
the current sensor value. Fig. 11 shows the program flow
of this system.
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Figure 11. Program flow chart

Finally, there are related instructions for adjusting the
elastic coefficient K value and the hydraulic damper C
value. As described in the first half, the system has been
designed for electronic control through a microprocessor,
so whether it is adjusting the K value or C value, it is
actuated by electronic signals.
In the part where the coefficient of elasticity K is
adjusted, the solenoid valve for the air spring's intake and
venting is used as a switch. When the microprocessor
sends a high-potential signal, the solenoid valve is
activated; on the contrary, when the microprocessor sends
a low-potential, the solenoid valve is activated. The valve
is closed. For example, if the spring is to be deflated, the
high potential is sent to the deflation solenoid valve, and
so on. The value of damping coefficient C is adjusted by
the number of turns of the motor to achieve the
adjustment of the internal oil passage. The motor can be
divided into forward rotation and reverse rotation. When
the microprocessor acts in accordance with the
instructions from 1 to 6 in Table I, the motor rotates
forward; on the contrary, when the microcontroller sends
instructions from 6 to 1, the motor rotates in reverse.
Therefore, the damping coefficient can become larger or
smaller.

Figure 10 Control panel

III. SOFTWARE DESIGN
After the design of the controller is completed, the
software is also one of the key technologies that
constitute the system's stable operation. In this research,
the program development interface is based on Eclipse
and the software DAVE designed by microcontroller
developers. The software is written using the open source
C library newlib-nano as the program framework, which
is characterized by strong portability, fast speed, and
completes functions, so it is mostly used in various
embedded systems.
Next is the description of the system program. In this
controller, there is a main program and multiple subprograms. Among them, the main program is responsible
for the adjustment of the solenoid valve and the rotation
of the motor. According to the received CAN Bus
command or the sensor signal, the appropriate elastic
coefficient K value and the damping coefficient C value
are adjusted; the CAN Bus signal and sensor are read.
The signal of the detector is achieved through the
interrupt subroutine. In the CAN Bus subroutine, after
initializing its settings and establishing the CAN protocol,
it will wait for its command to be received, and finally
return to the main program to control the solenoid valve
© 2021 Int. J. Mech. Eng. Rob. Res

IV. EXPERIMENTAL RESULT AND DISCUSSION
Before the system is installed on the vehicle, in order
to test the operating results of the system, the air spring
test platform [1] is currently used to conduct related
experiments and tests on the control board. After giving
the corresponding power to the control board, the
microprocessor can stably read the value given by the
sensor, and can successfully control the air inlet solenoid
valve or the bleed solenoid valve of the air spring and the
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forward or reverse rotation of the motor Or adjust the air
spring and damper according to the received CAN Bus
signal.
In the response time of the system, the running time of
the air spring and the motor is calculated through the
timer of the microprocessor. Figs. 12 and 13 show the
time required for air spring and motor control. Among
them, the average time required to adjust the air spring
±20 psi is 1.2~1.4 sec, and the running time of the code is
about 0.17 seconds; the time required for the motor to
rotate one revolution is about 1.8~2.0 sec, and the
running time of the program is about 0.097 seconds.

V. CONCLUSION AND FUTURE WORKS
With the advancement of semiconductor technology,
the computing efficiency of chips is increasing year by
year. With such a vigorous development, more and more
electronic control units are mounted on vehicles. The
regulation of the suspension system is often an important
factor affecting the comfort of passengers. This research
integrates the control of the K and C values of the
suspension system, and monitors the movement of the
vehicle body through sensors, so that when the vehicle is
moving, it can be adjusted in real time through electronic
control. Give passengers a comfortable ride experience.
At the same time, the review standards for automotive
electronic circuits and the design of ordinary electronic
circuits are more rigorous. The communication settings
and circuit design installed in the vehicle must pass
electromagnetic pulse tests to ensure that the vehicle's
electronic control system is stable and not affected. When
designing related electronic circuits, it is necessary to use
components that have passed automotive specifications to
meet the practicability of the system.
In the future, the system will be installed on the actual
vehicle, and the relevant dynamic characteristics of the
vehicle will be measured. Finally, the data read by the
sensor will be used to optimize the control K value and C
value to achieve the best Ride comfort and handling.

Figure 12. Air Spring response time
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Figure 13. Motor response time

It can be known from the above experiment that the
integrated control board of this research can control the
air spring and the motor and achieve the adjustment of
the spring coefficient K value and the damping
coefficient C value, and the changes can be observed
through the sensor. Therefore, if the analogous active
suspension system and the electronic control unit
developed by this research are installed on the vehicle, in
addition to increasing the driving stability, the elastic
coefficient K and the damping coefficient C can be
adjusted in real time according to different road
conditions; or When the center of gravity is deviated, it
can be appropriately compensated by the air spring.
Among them, the response time is still slightly
insufficient. If the vehicle speed is too fast, it may cause
the system to respond poorly, cause discomfort to the
passengers, and even cause safety on the road. The
solution and improvement methods in addition to
optimizing the program in the controller, or changing the
hydraulic damper to an electromagnetic damper can
effectively shorten the response time and provide a higher
level of riding experience for the vehicle[8].

© 2021 Int. J. Mech. Eng. Rob. Res

ACKNOWLEDGMENT
We sincerely thank the Ministry of Science and
Technology for supporting this research project in
December 2018 (project number: 108-2218-E-035 -013-),
as well as Pinxiu Technology-AirREX and Dian-Mao
company for their support for making this research
smooth. Proceed.
REFERENCES
[1]

[2]

[3]

[4]

319

S. Y. Jung, L. C. Chi, and N. Q. Anh, “The analysis of a SemiActive suspension system,” in Proc. SICE Annual Conference
2010, Taipei, pp. 2077-2082, 18-21 Aug, 2010.
B. L. J. Gysen, J. J. H. Paulides, J. L. G. Janssen, and E. A.
Lomonova, “Active electromagnetic suspension system for
improved vehicle dynamics,” IEEE Transaction Vehicle
Technology, vol. 59, pp. 1156-1163, 2010.
M. S. Sadeghi, F. Bavafa, S. M. S. Alavi and S. Varzandian
“Nonlinear PD controller design for a nonlinear quarter car
suspension system,” Control, The 2nd International Conference
on Instrumentation and Automation, pp. 231-235, 2011.
S. S, Hung, Y. C. Lin, J. P. Shen, and C. C. Hung “Development
and dynamic analysis of analogous active suspension system with
adjustable spring K value and damping C value,” IEEE

International Journal of Mechanical Engineering and Robotics Research Vol. 10, No. 6, June 2021

[5]

[6]

[7]

[8]

[9]

International Conference Control and Robotics Engineering, pp.
78-82, 2020.
M. S. Sadeghi, F. Bavafa, S. M. S. Alavi, and S. Varzandian
“Nonlinear PD controller design for a nonlinear quarter car
suspension system,” Control, The 2nd International Conference
on Instrumentation and Automation, pp. 231-235, 2011.
X. Ma, P. K. Wong, J. Zhao, J. H. Zhong, H. Ying, and X. Xu
“Design and testing of a nonlinear model predictive controller for
ride height control of automotive semi-active air suspension
systems,” IEEE Access, vol. 6, pp. 63777-63793, 2018.
J. Xinjie and L. Shengjin “Design of the fuzzy-PID controller for
new vehicle active suspension with electro-hydrostatic actuator,”
in Proc. the 4th IEEE Conference on industrial Electronics and
Applications, 2009.
O. P. Jimoh and B. Nyiko, “Design of direct adaptive controller
for a half-car suspension system,” IEEE AFRRICON, pp. 467-472
2017.
Y. Cheng, W. K. Shi, W. Liu, and B. L. Wu, “Control of
suspension and steering system for automotive ride comfort and
handling stability optimization,” in Proc. IEEE 2nd Conference on
Software Engineering and Service Sciences, pp. 258-261, 2011.

Chi Chun Hung is an undergraduate student
with the Department of Automatic Control
Engineering, Feng Chia University, Taiwan.
His research interests include microprocessor
programming, electronic circuit design and
PCB Layout design.

Yu Chen Lin received Ph.D. degrees in
electrical engineering from the National
Chung Hsing University in 2009. Before
becoming an academic, Dr. Lin was a
researcher at Industrial Technology Research
Institute, Mechanical and Systems Research
Lab (Intelligent Mobility Technology
Division) during the five-year period from
2009 to 2014. is currently an associate
professor with the Department of automatic
control engineering, Feng Chia University,
Taichung, Taiwan. Dr. Lin led the development of the ADAS
technologies and products, such as lane departure warning system
(LDWs), forward collision warning system (FCWs), rear safety
assistance system (RSAS), around-view monitoring systems (AVMs)
etc. He was also the project leader for R&D Organization Technology
Development Program (TDP) of Ministry of Economic Affairs, Taiwan,
(R.O.C.). His fields of interest include the advanced driver assistance
system (ADAS), collaborative control system, deep learning,
reinforcement learning, vehicle dynamic and control, active suspension
system, uncertain time-delay system, optimal control, model predictive
control.

Copyright © 2021 by the authors. This is an open access article
distributed under the Creative Commons Attribution License (CC BYNC-ND 4.0), which permits use, distribution and reproduction in any
medium, provided that the article is properly cited, the use is noncommercial and no modifications or adaptations are made.

San-Shan Hung received the Ph.D. degree
from the Graduate Institute of Electrical
Engineering, National Taiwan University of
Science and Technology, Taiwan, in 2000.
He is cu rrent ly a P rofess or with the
Department of Automatic Control
Engineering and the Dean of the College of
Information and Electrical Engineering, Feng
Chia University. His main research interests
include electronic circuit design,
measurement system signal analysis and
design, robust control, car electronic circuit design. He has served as the
Director for the Department of Automatic Control Engineering. In 2013,
and the Best Application. Award and the Honorable Mention at the
Allring 2015 Innovation Creative Competition .

© 2021 Int. J. Mech. Eng. Rob. Res

Kuo Wei Lin is an undergraduate student
with the Department of Automatic Control
Engineering, Feng Chia University, Taiwan.
His research interests include microprocessor
programming, electronic circuit design.

320

