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In the large-scale transportation, the leveling of the transport vehicle loading platform will determine the safety of the
transportation. Therefore, the research on the leveling of the transport vehicle loading platform with hydraulic suspension is
carried out. The hydraulic suspension systems are simplified as four-point support. Based on the multisensor data collected by
the pressure sensors of the suspension hydraulic cylinders and the double axis inclination sensor of the load-bearing platform,
the leveling control system of the four-point load-bearing platform is designed according to the principle of the highest point
chasing. In order to verify the precision of the leveling method, the leveling of the control system is simulated by using the
software AMESim and MATLAB, and the PID controller is added. The results show that the leveling precision and velocity of
this method fully meet the leveling requirements of the transport vehicle. On the basis, the leveling control system for the 100
ton transport vehicle is designed. The double axis inclination sensor is used to monitor the tilt angle of the loading platform in
real time. The controller can make the suspension hydraulic cylinders act accordingly according to the four height differences to
keep the loading platform level. Finally, the leveling experiment of the transport vehicle is carried out, and the lifting experiment
is carried out under the condition of no load to full load. It is concluded that the displacement of the four points of the load-
bearing platform of the transport vehicle is basically the same. The leveling control system can control the inclination angle of
the platform within 0.25 degrees, and the leveling time is less than 1 second. The leveling process has higher precision and
shorter time than other methods, which can provide reference for the leveling design of similar platforms.

1. Introduction

With the development of science and technology, the leveling
technology of the vehicle platform has been widely used. In the
military, more and more military weapons, such as radar and
rocket, need to change their working places at any time, so
they need to be installed on the transport vehicles with the
automatic leveling function [1]. In recent years, with the

improvement of leveling precision and velocity requirements,
the automatic leveling control technology with short time,
high precision, and strong antioverturning ability has emerged
[2]. With the advantages of high efficiency and strong bearing
capacity, the hydraulic suspension leveling system has obvious
advantages in the field of the heavy-duty platform [3].

The suspension system composed of multiple hydraulic
cylinders is widely used in heavy transport vehicles [4]. In
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the process of transportation, the transport vehicle often
encounters climbing, sudden braking, turning, wind load,
and other conditions, which may lead to the change of load
center position, so that the load-bearing platform of the
transport vehicle will incline [5], in order to ensure the safety
of the transportation and avoid the major engineering acci-
dents caused by the tilting or sliding of the load in the trans-
portation, which depends on the leveling of the load-bearing
platform of the transport vehicle [6].

With the development of control technology and elec-
tronic technology, the leveling system has gradually devel-
oped from the original manual leveling system to the
automatic leveling system. The support form of the platform
has developed from the initial three-point support to the
present four-point support and multipoint support [7]. The
main leveling methods are pulse width modulation technol-
ogy [8], computer and PLC technology, position error con-
trol leveling method [9], angle error control leveling
method, and “cycle multiple” leveling method [10]. The pur-
pose of leveling can be achieved by combining various con-
trol algorithms, such as PID control, fuzzy control, adaptive
control, and neural network control [11].

Heng studied the motion synchronization control of
the four multistage cylinder electrohydraulic elevating sys-
tem [12]. Chunfang studied the synchronization control of
an electrohydraulic leveling system based on adjacent cross
coupling [13]. Yang studied on the hydraulic synchroniza-
tion system used on the lift platform of the port embarka-
tion bridge [14]. Zhao studied the electrohydraulic
synchronization driving control for self-propelled trans-
porter suspension lifting [15]. But they are limited to the
platform on the horizontal plane, Li studied the autoadap-
tive multicylinder leveling system with electrohydraulic
proportional control [16]. Yang designed the automatic
leveling control system of the vehicle-mounted radar plat-
form based on PLC. The position sensor was used to
detect the position of leveling outrigger [17]. According
to the application of the transport vehicle, the leveling
control strategy based on four support points is proposed
[18]. By using the double axis inclination sensor to moni-
tor the levelness of the load-bearing platform, the four
points of the load-bearing platform of the transport vehi-
cle can be kept in a horizontal plane through the designed
leveling control system [19]. In the process of leveling,
each suspension hydraulic cylinder acts at the same time,
which can improve the safety of leveling.

The leveling time of the researches cannot meet the
requirements; in order to ensure the safety of transportation,
the leveling process of transport vehicle needs fast response.
In this paper, the leveling control of the vehicle load-
bearing platform is studied. The leveling principle and level-
ing process are introduced, and the leveling control system
based on multisensor fusion is designed in Section 2. In order
to verify the leveling precision of the leveling control system,
the simulation of the leveling process is carried out in Section
3. In Section 4, the leveling experiment of the vehicle load-
bearing platform is carried out on the 100 ton transport vehi-
cle, which further proved the practicability and reliability of
the leveling control system. Finally, the design process and

the future research direction of leveling control are summa-
rized in the Section 5.

2. Design of Leveling Process

The leveling system is a four-point support type, so there will
be redundant constraints in the structure. One of the support
points may not be stressed. This situation is not allowed in
the platform support and leveling. The problem will cause
the vehicle platform to tilt or even roll over, so the solution
of this problem has become the key of leveling. For the
hydraulic support system, there is a pressure sensor at the
bottom of each hydraulic cylinder. By detecting the pressure
feedback value of each support point after touching the
ground and during the leveling process, the problem can be
judged. According to the feedback signals transmitted by
the double axis inclination sensor and pressure sensors, the
four support points will be driven to extend or contract
through the control until the four support points completely
touch the ground, and the pressure is uniform.

The vehicle load-bearing platform can be simplified as a
four-point support platform, and the coordinate system of
the four-point support platform is established as shown in
Figure 1.

The coordinate system OXYZ of the horizontal plane is
the reference coordinate system, and point O is the center
of the four-point support platform, and the coordinate sys-
tem OX1Y1Z1 is the following coordinate system of the plat-
form, which is fixed on the vehicle load-bearing platform.
The rotation angles of the platform following coordinate sys-
tem in two directions relative to the reference coordinate sys-
tem are α and β, respectively. Therefore, when α > 0 and
β > 0, point 3 is the highest, and point 1 is the lowest; when
α > 0 and β < 0, point 2 is the highest, and point 4 is the low-
est; when α < 0 and β>0, point 4 is the highest, and point 2 is
the lowest; when α < 0 and β < 0, point 1 is the highest, and
point 3 is the lowest; when α = 0 and β = 0, the load-
bearing platform is in a horizontal state.

2.1. Levelness Measurement. In order to measure the levelness
of the load-bearing platform of the transport vehicle, the
double axis inclination sensor is installed on the center of
the load-bearing platform, which can detect the inclination
angles α and β of the load-bearing platform and transmit
the inclination angles to the leveling controller. Taking the
highest point as the reference point, The controller can calcu-
late the height difference between the highest point and the
other three points in the vertical direction [20]. If the plat-
form coordinate system relative to the reference coordinate
system first rotates β around the y-axis, and then rotates α
around the x-axis, the coordinate transformation matrix T1
can be obtained as follows.

T1 = Rot X, αð ÞRot Y , βð Þ =
cos β 0 sin β

sin α sin β cos α −sin α cos β
−sin β sin α cos α cos β

2
664

3
775:

ð1Þ
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Similarly, if the platform coordinate system first
rotates α around the x-axis, and then rotates β around
the y-axis, the transformation matrix of the coordinate
system is T2.

T2 = Rot Y , βð ÞRot X, αð Þ =
cos β sin α sin β sin β cos α
0 cos α −sin α

−sin β sin α cos β cos α cos β

2
664

3
775:

ð2Þ

Since the angle of inclination is so small that it can
be approximately regarded as sin β = β, sin α = α, sin α
sin β = 0, and cos α = cos β = 1 [12], therefore, the trans-
formation matrix can be seen as equal when the tilt angle
is enough small, whether the platform rotates around the
x-axis or the y-axis first. Equation (3) can be obtained as
follows.

T1 = T2 = T ≈

1 0 β

0 1 −α

−β α 1

2
664

3
775: ð3Þ

When the platform is horizontal, the platform coordi-
nate system and the reference coordinate system are coin-
cident. One of the four points in the platform coordinate
system is P (Px1, Py1, Pz1). The point P is fixed to the
platform coordinate system, and when the platform
rotates α around the x-axis and rotates β around the y
-axis, the coordinate of point P changes to P′ (PX , Py,
Pz) in the reference coordinate system, and Equation (4)
can be obtained.

Px

Py

Pz

2
664

3
775 = T ⋅

Px1

Py1

Pz1

2
664

3
775, ð4Þ

so the Pz can be obtained as follows.

Pz = −β ⋅ Px1 + α ⋅ Py1: ð5Þ

The coordinate of a support point on the z-axis and
the height difference of the other three points between

the highest point can be obtained according to Equation
(6).

Δzi = z1 − zi = β xi − x1ð Þ + α y1 − yið Þ i = 2, 3, 4ð Þ: ð6Þ

2.2. Leveling Process Principle. The height difference
between the four points can be calculated by the control-
ler. According to the highest point, the controller will
send out the corresponding control signals to adjust the
opening of the proportional reversing valve, so the sus-
pension hydraulic cylinders can make the load-bearing
platform quickly approach the horizontal plane and
achieve the purpose of leveling [21]. The control process
principle of the automatic leveling system is shown in
Figure 2.

During the leveling process, the double axis inclination
sensor can detect the inclination angles α and β of the load-
bearing platform, and the height difference between the ref-
erence point and other points can be obtained according to
Equation (6). According to the transportation requirements,
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Figure 1: The coordinate system of the four-point support platform.
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the controller will judge whether the height difference
between the highest point and other three points in the verti-
cal direction is greater than H. If it is larger than H, the con-
troller will control the hydraulic cylinders by adjusting the
electrical signal of each reversing valve, and if it is smaller
than H, the program will return to the first step. The hydrau-
lic cylinders in the suspension system of the transport vehicle

are equipped with pressure sensors, which can monitor the
pressure of each suspension hydraulic cylinder during the
transportation, and the leveling can be achieved automati-
cally according to the signals and the controller. If the pres-
sure of the hydraulic cylinder is less than the limited
pressure P′, the controller will adjust the pressure of the
hydraulic cylinder and re level, and if it is not, the leveling
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process will go down until there is no height difference of the
four points in the vertical direction, and the pressure of each
hydraulic cylinder is basically the same.

2.3. Leveling Control System Design. The automatic leveling
control system is an electrohydraulic control system based
on multisensor fusion. The sensors are used to collect the tilt
angle of the platform and pressure signals of the hydraulic
cylinders and transmit them to the controller in real time.
According to the leveling control principle, the electrohy-
draulic leveling control system is designed as shown in
Figure 3.

The pressure sensors are installed in the hydraulic sus-
pension system, which can monitor the pressures of the
hydraulic cylinders and detect whether there is a nonstressed
suspension hydraulic cylinder. The double axis inclination
sensor is installed at the geometric center of the vehicle plat-
form. The controller is responsible for receiving cab control
commands, collecting and calculating sensor signals, and
outputting the control signals.

3. Simulation of the Vehicle Leveling

3.1. Model Building. According to the suspension hydraulic
system, the AMESim model is established, and the fuzzy
PID control strategy is added into the leveling control system
[22]. Finally, the MATLAB control system model is obtained
as shown in Figure 4. In order to simplify the system model,
the fuzzy PID control module is encapsulated into the model,
and the control system in the model is the control program.

3.2. Simulation and Result Analysis. The situations that need
to level the load-bearing platform of the transport vehicle
mainly include the uneven road, sudden turning, and brak-
ing. In these situations, the center of gravity of the transport
goods may shift, the suspension bearing force may be
uneven, and the tilt of the load-bearing platform may cause
the vehicle to overturn. Therefore, in the process of simula-

tion, the vehicle load-bearing platform levelness and pressure
of each suspension cylinder are the key parameters [23]. In
the simulation, the load of the supporting platform is set to
100 t, and the load is gradually loaded from 0 to 100 t, and
then the load-bearing platform is lifted by 150mm.

The simulation results are shown in Figure 5. In the pro-
cess of load increasing, the heights of the four support points
are basically the same, and the pressures of the four hydraulic
cylinders are basically the same. It can be seen that the max-
imum inclination angle of the four-point support platform is
about 0.15 degrees, and the leveling time is about 0.1 second.

4. Vehicle Leveling Experiment

In order to verify the correctness of the simulation and fur-
ther prove the practicability and reliability of the leveling
control strategy, the experiment was carried out on the 100
ton hydraulic transport vehicle. The prefabricated cement
blocks are used as the load of the load-bearing platform,
and the experiment of the scene is shown in Figure 6. In order
to ensure the safety of transportation, the load-bearing plat-
form of the vehicle must be in a horizontal plane during the
transportation, and the pressure of each suspension hydrau-
lic cylinder must be basically the same.

Because the transport vehicle is on the horizontal ground
in the experiment, the leveling standard in the experiment is
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Figure 6: The experiment of leveling.
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that the height and pressure of the suspension hydraulic cyl-
inder are the same. In order to measure the tilt angle of the
vehicle platform in the x-axis and y-axis directions in the
horizontal plane, the double axis inclination sensor is
installed in the center of the vehicle load-bearing platform.
The pressures of the suspension hydraulic cylinders are col-
lected by the pressure sensors. The controller can calculate
the sensor values and control the suspension hydraulic cylin-
ders of the transport vehicle to make the load-bearing plat-
form in a horizontal state. The transport vehicle will be
lifted from the no-load state. When the platform is risen to
a certain height, it will be loaded. After the load gradually
reached the full load, the transport vehicle load-bearing plat-
form will lift to the highest. The height and pressure values of
the four supporting points of the vehicle load-bearing plat-
form during the lifting process are obtained as shown in
Figure 7.

It can be seen from the experiment curves that the heights
of the four points are basically the same and within the allow-
able range. The difference between the pressure values of the
suspension hydraulic cylinders and the simulation curves is
the fluctuation of pressure values. The main reason for this
phenomenon is that the center of gravity of the load will
slightly shift in the lifting process of the hydraulic suspension
of the transport vehicle. The leveling control system can con-
trol the inclination angle of the platform within 0.25 degrees,
and the leveling time is less than 1 second, which fully meets
the engineering requirements.

5. Conclusion

According to the working condition of the transport vehicle,
through the theoretical analysis of the four-point support
leveling of the load-bearing platform, the multisensor fusion
control strategy of the four-point support leveling of the
vehicle platform is obtained. By analyzing the leveling con-
trol strategy and the requirements of the vehicle for the level-
ing control, the electrohydraulic leveling control system is
designed. And the leveling precision is verified by simulation.

Finally, the leveling experiment is carried out, which shows
that the leveling control system based on multisensor fusion
is stable and easy to achieve. The leveling time is less than 1
second and the inclination angle of the platform can be con-
trolled within 0.25 degrees, which show that the leveling con-
trol system can control the inclination angle of the load-
bearing platform within the permitted range. The leveling
control system can ensure the safety of transportation and
provide reference for the design of similar systems.

6. Future Recommendations

The future research direction is to study the leveling of the
load-bearing platform during the combined transportation
of multiple vehicles. The multiple vehicles of combined
transportation constitute complex electrohydraulic system
groups. The coordinated control of the multiple suspension
hydraulic cylinders can realize the leveling of the load-
bearing platform, and it will realize the safety and stability
of the multiple vehicles combined transportation.

Data Availability

The data used to support this study are available from the
corresponding author.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

Acknowledgments

This research was funded by the National Natural Science
Foundation of China (51675461, 11673040), National Key
Research and Development Program of China
(2019YFB2005204), Key Research and Development Pro-
gram of Hebei Province (19273708D), the Scientific Research
Project Foundation of Anhui Education Department

0 6 12 18 24 30

400

350

300

250

200

150

100

50

H
 (m

m
)

1
2

3
4

T (s)

(a) The Height

0 6 12 18 24 32

320

280

240

200

160

120

80

40

P
 (b

ar
)

1
2

3
4

T (s)

(b) The Pressure

Figure 7: The experiment results.

6 Journal of Sensors



(KJ2019A1161), the Open Foundation of the State Key Lab-
oratory of Fluid Power and Mechatronic Systems (GZKF-
201922), and the Open Project Program of Tianjin Key Lab-
oratory of Aerospace Intelligent Equipment Technology,
Tianjin Institute of Aerospace Mechanical and Electrical
Equipment.

References

[1] L. Haowu and H. Qiang, “The design of leveling equipment of
car-body based onMSP430F149microcontroller,”Global Elec-
tronics China, vol. 11, pp. 54–58, 2011.

[2] H. Yang and L. Gangyan, “Study on leveling method and con-
trol technology of a vehicle-borne platform,” Machinery
Design & Manufacture, vol. 12, pp. 134–136, 2008.

[3] Y. Yu, L. Sumei, X. Kong, J. Yao, and D. Qu, “Simulation anal-
ysis of large self-leveling hydraulic system platform based on
AMESim,” Machine Tool & Hydraulics, vol. 44, no. 11,
pp. 145–148, 2016.

[4] C. Ling-Zhi, L. Chun-Wen, C. Hua-Ying, and C. Guang-Zhao,
“Backstepping control of position synchronization system in
crane lifter,” in IEEE International Conference on Automation
and Logistics, pp. 2282–2285, Qingdao, China, 2008.

[5] J. Wang, J. Zhao, W. Li, X. Jia, and P. Wei, “Research and
improvement of the hydraulic suspension system for a heavy
hydraulic transport vehicle,” Applied Sciences, vol. 10, no. 15,
article 5220, 2020.

[6] J. Zhao, Y. Yang, S. Kang, Z. Wang, and T. Liu, “Research and
application of four-point suppor ‘flat chasing style’ leveling
strategy on self-propelled hydraulic transporter,” Machine
Tool & Hydraulics, vol. 43, no. 15, pp. 57–60, 2015.

[7] Z. Jingyi, Large Self-propelled Hydraulic Truck, Chemical
industry press, China, 2010.

[8] Y. Li, Y.-D. Ga, J.-H. He, and S.-G. Fu, “Rigid-flexible coupling
model and hydro-mechanical co-simulation of four point
leveling system,” Chinese Hydraulics & Pneumatics, vol. 12,
pp. 79–83, 2018.

[9] Y. Wu, D. Yuan, K. Zhang, Y. Long, and W. U. Jie, “Research
on hydraulic level adjusting system of CWG250X BMU trol-
ley,” Journal of Shenyang Jianzhu University, vol. 33, no. 1,
pp. 94–103, 2017.

[10] H. Tang and J. Chen, “Research on key technologies for auto-
leveling system with six-point supporting,” Fire Control Radar
Technology, vol. 46, no. 1, pp. 64–67, 2017.

[11] Z. Wu and C. Wen, “Chase-cycle repeatedly leveling method
applicates in movable room automatically leveling system,”
China Instrumentation, vol. 3, pp. 48–56, 2017.

[12] M. S. Chehadeh and I. Boiko, “Design of rules for in-flight
non-parametric tuning of PID controllers for unmanned aerial
vehicles,” Journal of the Franklin Institute, vol. 356, no. 1,
pp. 474–491, 2019.

[13] D. Heng and W. Jianhua, “Motion synchronization control of
four multi-stage cylinders electro-hydraulic elevating system,”
in International Conference on Mechanic Automation and
Control Engineering, pp. 5249–5253, Wuhan, China, 2010.

[14] C. Dong and M. Qingxin, “Synchronization control of an
electro-hydraulic leveling system based on adjacent cross cou-
pling,” Journal of Harbin Engineering University, vol. 33, no. 3,
pp. 366–370, 2012.

[15] L. Yang and J. Zhiping, “Study on the hydraulic synchroniza-
tion system used on the lift platform of the port embarkation

bridge,” Chinese Hydraulics & Pneumatics, vol. 2, pp. 44–46,
2012.

[16] Z. Jingyi, F. Cheng, and R. Guo, “Research on electro-
hydraulic synchronization driving control for self-propelled
transporter suspension lifting,” China Mechanical Engineer-
ing, vol. 25, no. 7, pp. 972–978, 2014.

[17] L. Jun, Z. Yushan, and W. Liji, “Auto-adaptive multi-cylinders
leveling system with electro-hydraulic proportional control,”
Chinese Hydraulics & Pneumatics, vol. 10, pp. 27-28, 2003.

[18] H. Yang, “Research on a levelling control system for vehicle-
borne platform based on CAN bus and PLC,” Manufacturing
Automation, vol. 4, pp. 46–49, 2008.

[19] Z. Weidong, “Simulation on automatic hydraulic leveling sys-
tem for 180t platform vehicle based onMSC Easy5,” Computer
Aided Engineering, vol. 7, no. 2, pp. 13–16, 2008.

[20] H. Liang, Z. Jingyi, and R. Guo, “The improvement about the
hydraulic control system for suspension in 100t heavy plat-
form transporter,” Chinese Hydraulics & Pneumatics, vol. 10,
pp. 43–45, 2008.

[21] Y. Haiwen, T. Wang, Y. Haibin, and L. Yunhua, “Principle
design and engineering realization of the DYY300 transport
vehicle horizontal stable system,” Journal of Instruments,
vol. 23, no. 3, pp. 703–705, 2002.

[22] S. Ying and C. Yuanying, “Six points support hydraulic plat-
form automatic leveling system,” Chinese Hydraulics & Pneu-
matics, vol. 4, pp. 24–26, 1999.

[23] K. S. Tang, K. F. Man, and G. Chen, “An optimal fuzzy PID
controller,” IEEE Transactions on Industrial Electronics,
vol. 48, no. 4, pp. 757–765, 2001.

7Journal of Sensors


	Leveling Control of Vehicle Load-Bearing Platform Based on Multisensor Fusion
	1. Introduction
	2. Design of Leveling Process
	2.1. Levelness Measurement
	2.2. Leveling Process Principle
	2.3. Leveling Control System Design

	3. Simulation of the Vehicle Leveling
	3.1. Model Building
	3.2. Simulation and Result Analysis

	4. Vehicle Leveling Experiment
	5. Conclusion
	6. Future Recommendations
	Data Availability
	Conflicts of Interest
	Acknowledgments

