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In the vehicle leveling system, due to the overall volume is too large and other reasons, the leveling speed is
slow, the leveling range is small, and the adjustment stability is insufficient. According to the characteristics of
the three-legged parallel robot, this paper designs a new structure which is superior to the traditional hydraulic
straight up straight down leg structure, and is superior to the traditional leveling system in both the leveling
range and accuracy. The three-point leveling method is selected, and the basic center point leveling algorithm
is improved. After the basic leveling operation is completed, the fine adjustment is added to further reduce
the position error and improve the leveling precision. At the same time, according to the new structure, the
connection between the dynamic and static platform is analyzed, and the linkage module between the leveling
platform, the connecting rod and the corresponding slider is established. Then, through the simulation of
platform tilt, the data verification is carried out directly with the algorithm results to improve the inspection
efficiency.This paper proposes and designs a small vehicle-mounted leveling system with novel structure to
solve the problems of the leveling range and the lack of stability of the existing small leveling platform, and
completes its structural design, algorithm optimization and algorithm feasibility verification. It is intended to
provide a new reference direction for small vehicle leveling system.
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1. Introduction

In recent years, modern control theory, servo motor tech-
nology, and sensor technology have rapidly advanced, re-
sulting in significant improvements in accuracy and speed
of multi-point leveling systems. Emerging algorithms have
gained popularity, and continuous innovation in structure
and components has made multi-point leveling systems
applicable to a wider range of applications, leading to con-
tinuous improvement in overall performance. These sys-
tems are commonly used in various scientific experiments
and technological projects to provide a relatively stable
experimental platform, such as urban rail network environ-
ment testing, assembly platforms for precision instruments

including gears, experimental platforms for autonomous
mobile robots and manipulators, high-quality experimen-
tal environments for optical linear encoders and computer
vision. By utilizing leveling systems, these experiments can
be conducted in a completely level environment, facilitat-
ing the acquisition of highly accurate experimental results
[1–8].

Based on the current high standard and high require-
ments for the leveling system, the four major breakthrough
goals should be to improve the leveling accuracy, improve
the stability and quality of the leveling system, improve the
leveling speed and improve the system operability, so as to
improve the comprehensive ability of the automatic level-
ing system.Based on the characteristics of the three-legged
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parallel robot, this paper designs the overall mechanical
structure of the leveling system platform, which is better
than the traditional hydraulic straight up straight down
leg structure, and has better leveling range and accuracy
than the traditional leveling system. The material selection,
performance requirements, support mode and transmis-
sion mode of the whole structure are selected and studied
in detail. The corresponding finite element analysis and
dynamic analysis of the whole structure model are carried
out. To ensure the operational viability of its structure. At
the same time, the leveling principle of the structure is
analyzed, and the overall structure design is completed [9].

The main leveling algorithms are analyzed deeply, and
the advantages and disadvantages of the main leveling
algorithms under the same conditions are analyzed. In
addition, the conventional basic algorithm is strengthened
and improved to eliminate position errors caused by fac-
tors such as motor delay as much as possible. The new
leveling algorithm will have better performance in level-
ing accuracy. For the new structure, a linkage module is
designed specially for this special structure, which is com-
bined with the leveling algorithm to complete the leveling
operation on the new structure according to the data of
each sensor. A scheme to test the completed leveling algo-
rithm is proposed. CAD software was used to establish a
simple leveling platform for simulation to obtain the dis-
placement data before and after each leveling point. After
that, the completed algorithm is coded, and the correspond-
ing software is used to simulate the angular rotation, and
the data before and after the displacement are obtained.
By comparing with the data obtained by manual rotation,
the conclusion whether the algorithm is correct can be intu-
itively obtained [10].

Through a series of simulation experiments, the specific
data and characteristic display of the leveling system de-
signed in this paper are confirmed. It includes the limit test
of the leveling Angle, the degree of improvement of the
improved algorithm to reduce the position error under the
condition of 20°, the simulation comparison experiment
of the feasibility analysis of the algorithm, and the data
comparison with the leveling scheme proposed by foreign
scholars. The purpose of this paper is to solve the problems
such as many structural defects, slow leveling speed and
small working range, and to provide more references and
directions for the research of small leveling stations [11–14].

2. Theory and formula

2.1. Composition of multi-point leveling system

Multi-point leveling system is currently widely used in
the world in the military, infrastructure, medical, rescue,

exploration and other fields of the work platform support
and leveling system, most of the current automatic level-
ing system is composed of the main controller, driver, tilt
sensor, and the corresponding number of legs, of which,
when the number of legs is three, this institution is called
three-point leveling. In addition to the three-point leveling,
the four-point leveling and six-point leveling of the four
legs are the most common, and the drive system is divided
into electromechanical leveling and hydraulic leveling [15].

The working principle of the multi-point leveling sys-
tem is actually that the main controller receives the tilt
Angle information of the X axis and Y axis direction output
by the tilt Angle sensor or gyroscope. After the calcula-
tion of the leveling algorithm, the extension and extension
of each leg are controlled by the corresponding driving
system. Finally, the X-axis inclination Angle and Y-axis
inclination Angle on the working platform can reach the
horizontal accuracy required by the work, so as to complete
the corresponding platform leveling operation [16].

2.2. Overall structure design

In this chapter, the overall mechanical structure of the lev-
eling system platform is designed, and the corresponding
finite element analysis and dynamic analysis are carried
out to ensure the feasibility of its structural operation. It
includes a detailed analysis of its material selection, perfor-
mance requirements, support mode, transmission mode.

The overall three-dimensional structure consists of a
base and three leveling bases as the main body, and the
transmission mechanism inside the base connects the slider,
and then connects two connecting rods through the ball-
type link, and the other end is connected to the leveling
table. The inclination sensor is installed on the base, and
the transmission mechanism is driven by the motor to drive
the sliding movement, so as to complete the leveling op-
eration of the platform. Double support beams are added
to the base part to ensure its stiffness and balance, and the
spherical link ensures that the platform can be operated
at a large enough Angle in the leveling operation. The
two-link design enhances the system stiffness and avoids
the interference problem caused by the single rod spherical
link, which is superior to the traditional hydraulic level-
ing system in both the leveling range and accuracy. The
comparison of the state of the overall three-dimensional
structure before and after balance is shown in Fig. 1.

2.3. Choice of transmission mode

As the actuator of the whole system, the transmission mech-
anism has a great impact on the leveling accuracy and
speed of the system. The selection of the appropriate trans-
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Fig. 1. Comparison of the state before and after
equilibrium of the 3D structure.

mission mechanism can accurately execute the movement
according to the instruction issued by the controller, and
realize the rapid and smooth leveling.According to the ad-
vantages and disadvantages of the common transmission
scheme, the screw transmission in the screw transmission
is selected as the leveling mechanism [17].

The design of this leveling system needs to be equipped
with self-locking function, and the lead screw mechanism
has good self-locking property in the horizontal state. In
the structural model design, the three-position leveling
mechanism designed in this paper is also better integrated,
and the overall meets the requirements of the small leveling
system for accuracy, strength and self-locking function. The
simple lead screw mechanism to be designed is shown in
Fig. 2.

Fig. 2. Simple lead screw mechanism.

2.4. Working principle of leveling

Based on the conventional three-legged parallel robot struc-
ture, a new structure is designed which is superior to the
traditional hydraulic straight up and straight down legs.
It is composed of leveling base, sliding block guide rail,
moving platform, double support connecting rod and cor-
responding driving system. The structural schematic dia-
gram is shown in Fig. 3. In the figure, B12, B34, B56 are
the sliding blocks on the leveling base, A1, A2, A3, A4, A5,
A6 are the leveling platform, and A1B1-A6B6 are the equi-
lateral triangle formed by three links between the moving
platform and the slider A12, A34, A56 as a simple moving

Fig. 3. Schematic diagram of three-point support platform
structure.

platform for analysis. The end point of the moving plat-
form, the connecting rod, and the slider are all connected by
ball links to ensure that they can work at multiple angles.

The working principle is: The sensor receives the incli-
nation data of the current environment and transmits it
to the control system. The control system calculates the
corresponding amount of exercise of the six connecting
rods through the leveling algorithm, and then calculates
the corresponding amount of exercise of the slide block
through the corresponding linkage module of the moving
platform and the guide rail. After that, the data is trans-
ferred to the servo motor, which drives the slide block to
move to the corresponding position. Drive the connecting
rod to balance the platform, so as to complete the leveling
operation.The flowchart of its working principle is shown
in Fig. 4.

Fig. 4. Work flow chart of leveling system.
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Table 1. Specific parameters of high-carbon alloy steel.

Stats Numerical value unit
Elastic inertia 2.10E + 11 N/m∧2
Poisson’s ratio 0.28
Shear modulus 7.90E + 10 N/m∧2
Mass density 7700 kg/m∧3

Tensile strength 723825600 N/m∧2
Yield strength 620433000 N/m∧2

Coefficient of thermal expansion 1.3w − 05 K
Thermal conductivity 50 W/(m.K)

Specific heat 460 J/(kg.K)

2.5. Structural material selection

According to the analysis and selection of the current main-
stream metal materials, the leveling mechanism and its
corresponding connection parts are made of high carbon
alloy steel.

In high-carbon alloy steel, the internal carbon content
increases, the tensile strength and yield point will increase,
with high hardness and high wear resistance, etc., suitable
for the levelling chassis of the connection vehicle, the base
of the support platform, and the main stress bearing con-
necting rod. At the same time, with the increase of carbon
content, when the carbon content of high-carbon alloy steel
exceeds 0.23%, its welding performance will be decreased,
but the leveling mechanism designed in this paper adopts
the form of multi-part assembly, which requires fewer parts
to be welded, and will not be affected by this shortcom-
ing.The specific parameters of the high-carbon alloy steel
used are shown in Table 1.

2.6. Finite Element Analysis

This time, Ansys workbench version 19.0 was used to per-
form the base strength check analysis, including statics
analysis and modal analysis. The inclined rod is subjected
to 300N load. The final analysis results obtained are shown
in Fig. 5 and Fig. 6.

Fig. 5. Summary of total deformation cloud map.

Fig. 6. Equivalent stress cloud map.

It can be seen from the deformation cloud map that the
maximum deformation is 0.13616 mm, which is almost neg-
ligible for the whole system. The stress nephogram shows
that the maximum stress is 74.089 MPa. The maximum
stress of alloy steel is 250 MPa, which is far from reaching
the yield strength of alloy steel, so it is considered safe. The
security factor cloud map shows that most of them are blue
areas, and all of them are above 1, proving that they are all
safe.

2.7. Dynamic Analysis

Before the material is given, the steps are the same as the
finite element analysis, the mesh is divided, the constraints
are applied, and then the contact between the slider and
the track is modified to frictional contact. Next, the load
is applied and, in this analysis, the slider is set to move
inward along the track by a distance of 30mm. The final
analysis results obtained are shown in Fig. 7 and Fig. 8.

It can be seen from the deformation cloud image that
the maximum displacement is 30.439mm. For the base, the
displacement is moved from the original position of the
slider to the target position, and the displacement is only
0.439 mm. The influence of the displacement on the whole
mechanism is almost negligible.

The stress cloud map shows that the maximum stress is
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Fig. 7. Total deformation cloud diagram.

Fig. 8. Equivalent stress cloud map.

233.7 MPa and the minimum stress is almost 0. The results
show that the stress in the whole area is less than the yield
strength of 250 MPa, and the maximum stress of alloy steel
is 250 MPa, which is within the strength range for the yield
strength of alloy steel, so it is considered safe.

2.8. Platform kinematics analysis

Through the research, it is found that the body of the level-
ing system is its corresponding working platform, and the
analysis of the platform can be regarded as a simple plane,
and the analysis of the plane leveling data can replace the
whole platform. As shown in Fig 9. Taking the three-point
platform as an example, the Angle between the plane ABC
and X0 is α, and the Angle between the plane and Y0 is β.
Meanwhile, X0Y0Z0 is the horizontal coordinate system,
and the corresponding platform coordinate system XYZ is
established on this plane. We can assume that the operating
platform timing only rotates under an ideal state. The lev-
eling of the platform can be seen as the process of the plane
ABC first rotating the α Angle about the Y axis and then
rotating the β Angle about the X axis. Therefore, the coor-
dinate of each support point in the horizontal coordinate
system after two rotations can be obtained by establishing
the pose transformation matrix [18]. Let A point on the

Fig. 9. Simple three-point platform leveling analysis.

platform be (x, y, z), when the Angle of α is rotated around
the Y axis, the coordinate becomes (x1, y1, z1), then:

(x1, y1, z1) = ROT(Y, α)(x, y, z)T

=

 cos α 0 sin α
0 1 0

− sin α 0 cos α

 (x, y, z)T
(1)

Continue to rotate the Angle about the X-axis, the coor-
dinate becomes (x2, y2, z2), then there is:

(x2, y2, z2) = ROT(X, β) (x1, y1, z1)
T

=

 1 0 0
0 cos β sin β
0 − sin β cos β

 (x1, y1, z1)
T (2)

By bringing equation Eq. (1) into equation Eq. (2), the
pose transformation matrix representing the two conver-
sion processes of platform rotation can be obtained:

(x2, y2, z2)
T = ROT(X, β)ROT(Y, α)(x, y, z)T

=

 cos α 0 sin α
− sin α sin β cos α cos α sin β
− sin α cos β − sin β cos α cos β


(x, y, z)T

(3)
Therefore, the coordinate of each support point(

x′i , y′i , z′i
)T in the horizontal coordinate system is

ROT (xi, yi, zi)
T , To facilitate calculation, let the displace-

ment of each point in the space coordinate z-axis be 0 ,
then: x′i

y′i
z′i

 =

 cos α 0 sin α
− sin α sin β cos α cos α sin β
− sin α cos β − sin β cos α cos β

 xi
yi
0

 (4)
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Table 2. Specific parameters of high-carbon alloy steel.

Leveling method Leveling time Leveling time
Leveling method by height 6.5 S 230 mm

Lower and lower leveling method 6.5 S 230 mm
Center point stationary leveling method 4.5 S 260 mm

Set point stationary leveling method 6.5 S 130 mm

Therefore, we can obtain:

z′i = − sin α cos βx′i − sin αy′i (5)

In addition, because the inclination of multi-point plat-
forms is usually relatively small, it can be approximated as
sin α = α, cos α = α, sin β = 1, cos β = 1.Formula 3 can be
simplified as:

(x2, y2, z2)
T =

 1 0 α
0 1 β
−α −β 1

 (x, y, z)T (6)

After simplification, we get:

z′i = −αxi − βyi (7)

The above formula represents the relationship between
the position error of each support point reaching the hori-
zontal state and its corresponding inclination Angle after
simplification.

2.9. Basic leveling algorithm selection

There are four main leveling methods, which are the lev-
eling method by height, the leveling method by low, the
leveling method without moving the center point, and the
leveling method without moving the set point. For the con-
venience of comparison, the value of α0, β0 is set to 1, M=80
mm, N=100 mm, and V=20 mm/s, and the comparison
data of each leveling method is obtained by reducing the
leveling time and adjusting the distance under the same
conditions, as shown in Table 2.The method used in this
comparison experiment is to build a general leveling table,
and set the tilt Angle and motor speed values to the same
values, and test the results under the same conditions and
workload [19, 20].

By comparing the data, among several leveling meth-
ods, the leveling time and adjusting distance of the height-
by-height leveling method and the low-by-height leveling
method are completely consistent, but there are differences
in the square adjustment direction. The absolute value of
the data is relatively large, and the two data of the central
point immobile leveling method are the best. Therefore, in
the selection of leveling algorithm, the central point immo-
bile leveling method can be preferentially selected.

2.10. Establishment of linkage module between moving
platform and guide rail

After obtaining the coordinate of the leveling change of the
connecting hinge points A12, A34 and A56 of the moving
platform and the leveling mechanism through the trans-
formation matrix, it is also necessary to analyze the cor-
responding feed amount of the three sliders connected
by the connecting rod of the static platform during the
leveling process of the moving platform according to the
structural particularity of the system. Since the distance
between A12, A34, A56 and B12, B34 and B56 is a rod length
of 633 mm, we can first find the correspondence between
the moving platform coordinate system and the static plat-
form coordinate system, and then reverse the coordinates
of B12, B34 and B56 through the distance formula of two
points in space, and finally obtain the length change values
of B12, B34 and B56.

If the distance from the origin of the platform coordinate
system to the end of the base is set to K, it is known that
the initial coordinates of the three points of the equilateral
triangle ABC representing the leveling platform are shown
in Equation Eq. (8).

A12 = (0,−K, 0)

A34 =

(
−K

√
3

2
,

K
2

, 0

)

A56 =

(
K
√

3
2

,
K
2

, 0

) (8)

The corresponding coordinates after two rotations are
shown in equation Eq. (9).

A12 = (0, K cos α, K sin α)

A34 =

(
K
√

3
2

cos β,
K
√

3
2

sin α sin β − K
2

cos α,

−K
√

3
2

sin β cos α − K
2

sin α

)

A56 =

(
−K

√
3

2
cos β,−K

√
3

2
sin α sin β − K

2
cos α,

K
√

3
2

sin β cos α − K
2

sin α

)
(9)

By re-establishing coordinate system O on the static
platform where the three sliders are located, the conversion
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relationship between the two coordinate systems can be
obtained as follows:

(x, y, z) = (−z sin β,+z sin a, z
√

1 − sin α sin α − sin β sin β)

(10)

Therefore, the coordinates of three points A12 A34 A56

with respect to the O-coordinate system are shown in equa-
tion 11 .

A12 =(K sin α sin β − z sin β, K cos α + z sin α, K sin α

− z
√

1 − sin α sin α − sin β sin β)

A34 =

(
K
√

3
2

cos β − z sin β,(
K
√

3
2

sin α sin β − K
2

cos α

)
+ z sin α,(

−K
√

3
2

sin β cos α − K
2

sin α

)
−z
√

1 − sin α sin α − sin β sin β
)

A56 =

(
−K

√
3

2
cos β − z sin β,(

−K
√

3
2

sin α sin β − K
2

cos α

)
+ z sin α,(

K
√

3
2

sin β cos α − K
2

sin α

)
−z
√

1 − sin α sin α − sin β sin β
)

(11)

The coordinates of sliders B12, B34, and B56 with respect
to the O-coordinate system are shown in equation Eq. (12).

B12 = (0, y12, 0)

B34 = (x34,−x34, 0)

B56 = (x56, x56, 0)

(12)

The slider position at the beginning is shown in equation
Eq. (13).

B12 = (0,−1.94K, 0)

B34 = (−1.53K, 0.97K, 0)

B56 = (1.53K, 0.97K, 0)

(13)

Because the distance between A12, A34, A56 and
B12, B34, B56 is always L; According to the formula of dis-
tance between two points in space:

√
(x1 − x2)

2 + (y1 − y2)
2 + (z1 − z2)

2 = L (14)

The coordinates of the inverse solution B12, B34 and B56

in the O-coordinate system are shown in equation Eq. (15).

B′
12 =

(
0, y′12, 0

)
B′

34 =

(
x′34,−

√
3

3
x′34, 0

)

B′
56 =

(
x′56,

√
3

3
x′56, 0

) (15)

Then Value range of y′ is (1.48 K, 2.4 K),
√

3
3 x′ value

range (0.74 K, 1.2 K), deflection Angle range 19.93◦ Due
to the motion delay of the motor used in the mechanical
system and the influence of a small amount of friction, the
final position of the slider may be slightly different from
the final value of the algorithm. This deviation factor will
be expressed as δ and will be eliminated in the fine-tuning
steps mentioned below.

Since the slider B12 sliding center slides on the negative
half axis of the Y-axis. Sliding distance is: ∆B12 = y′ +
1.94K + δ.

∆B12 ≥ 0, The slider moves toward the positive half of
the Y-axis. ∆B12 < 0, The slider moves toward the negative
half of the Y-axis.

The distance between the slider B34 and the O point
after sliding is: − 2

√
3

3 x′34 The sliding distance of slider B34

is : ∆B34 = 2
√

3
3 x + 1.94K + δ.

∆B34 ≥ 0, The slider moves in the direction O away from
the center. ∆B34 < 0, The slider moves in the direction O
near the center.

The distance between the slider B56 and point O after
sliding is: 2

√
3

3 x′56 The sliding distance of slider B56 is :

∆B56 = − 2
√

3
3 x + 1.94K + δ.

∆B56 ≥ 0, The slider moves in the direction O away
from the center. ∆B56 < 0, he slider moves in the direction
O near the center.

2.11. Loop fine-tuning algorithm

Due to the inherent delay of the motor and a small amount
of friction in the mechanical structure, there are still some
differences between the actual and expected leveling results
based on the algorithm. In order to increase the leveling ac-
curacy, this paper improved the conventional center point
leveling algorithm in a deeper way. After the completion
of the conventional leveling operation, there would still be
a large position error at each support point, so the conven-
tional leveling operation was defined as rough adjustment.
In order to eliminate the position error as much as possi-
ble, fine adjustment steps could be added to the original
algorithm [21].

It consists of the position error ei, the leveling speed vi,
the speed coefficient k, and the single fine-tuning time t.
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After entering the fine adjustment, the speed coefficient is
set between 0.1-1 according to the accuracy requirements,
and the new error after fine adjustment is obtained by
calculating ei+1 = ei − kvit. Set E1 as the position error
threshold, if ei+1 > E1, repeat the fine adjustment step
until the fine adjustment is finished at ei+1 < E1, and the
position error is greatly reduced compared with before.
The leveling flow chart after the algorithm improvement is
shown in Fig. 10.

Fig. 10. Overall leveling flowchart.

3. Experimental and result

3.1. Confirmation of maximum leveling Angle

According to the final design of the leveling system model,
the leveling Angle range of the platform is tested. Accord-
ing to the working principle of the leveling platform, a
simple cylindrical static platform is added into the whole
three-dimensional structure, and the maximum bending
Angle of the leveling platform is determined by the in-
terference detection between the platform and the chassis
edge. The limit inclination Angle without interference is
taken as the maximum value, and the corresponding two-
dimensional drawing is derived to determine the range of
leveling Angle. The final leveling range is 0-19.93°. Most of
the leveling angles of traditional straight up and straight
down leveling structures are 5°-10°. A two-dimensional
drawing showing the maximum Angle is shown in Fig. 11.

Fig. 11. Maximum range of leveling Angle.

3.2. Algorithm feasibility analysis simulation experi-
ment

This paper proposes to design a method to verify the com-
pleted algorithm by combining two software, draw a sim-
ple platform model through simulation, manually simulate
the rotation of the corresponding Angle, and obtain the
position data of each point after the displacement is com-
pleted. At the same time, the completed algorithm was
programmed and run through pycharm software to obtain
the specific position data after leveling. If the two data are
the same, it is correct, which significantly improves the fea-
sibility verification of the leveling system algorithm. The
simple platform simulation is shown in Fig. 12.

Fig. 12. The initial state of the platform is transformed into
20 states of rotation of each XY axis.

Input the central point leveling algorithm obtained
above, and test the space position of each support point
of the platform after rotating α = 20◦ on the X-axis and
β = 20◦ on the Y-axis. See Table 3, Table 4 and Table 5.

Table 3. Position data of support point A when the two
axes are rotated 20.

Point A Simulation data Algorithm data
X 0 0
Y 186.1955 186.1954
Z 107.5000 107.4999

By comparing the data, the position data of the three
points of the three-point platform is completely consistent
with the data obtained in the algorithm simulation and
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Table 4. Position data of support point B when the two
axes are rotated 20.

Point B Simulation data Algorithm data
X 161.2500 161.2500
Y -46.5489 -46.5488
Z -134.3750 -134.3750

Table 5. Position data of support point C when the two
axes are rotated 20.

Point C Simulation data Algorithm data
X -161.2500 -161.2500
Y -139.6466 -139.6466
Z 26.8750 26.8750

simulation simulation. In order to prove its reliability, a set
of data is tested again, which are different rotation angles
of α = 35◦ and β = 17◦ respectively. The experimental data
pairs are shown in Table 6,7 and 8. The data are consistent
and fully meet the accuracy requirements.

Table 6. Position data of support point A when the two
axes rotate 5.

Point A Simulation data Algorithm data
X 0 0
Y 214.18 214.2
Z 18.74 18.7

Table 7. Position data of support point B when the two
axes rotate 5.

Point B Simulation data Algorithm data
X 185.49 185.5
Y -105.67 -105.7
Z -25.53 -25.5

Table 8. Position data of support point C when the two
axes rotate 5.

Point C Simulation data Algorithm data
X -185.48 -185.5
Y -108.5 -108.5
Z 6.79 6.8

3.3. Fine-tuning simulation experiment

The position error after leveling is output by using a simple
CAD platform and a cyclic fine-tuning algorithm. Accord-
ing to the accuracy requirements, the speed coefficient is
set between 0.1− 1, and the new error after fine adjustment
is obtained by calculating ei+1 = ei − kvit. When the plat-
form inclination α = 20◦, β = 20◦, after four fine-tuning

processes, the ABC three-point position error is shown in
Fig 13. It is obvious that while the velocity coefficient is
decreasing, the position error shows a reverse exponential
trend and finally tends to be relatively stable. Where the
abscissa represents the number of times the precise level-
ing is performed, and the ordinate represents the current
position error.

Fig. 13. Three point position error variation.

3.4. Comparison with similar leveling systems

Literature [22] proposes a two-degree-of-freedom wheeled
vehicle leveling mechanism suitable for small working ve-
hicles. The system can be used in various transportation
equipment, conveying and stabilizing systems. The plat-
form can rotate freely with the help of the ball-and-socket
joint in its center. The lateral and longitudinal movements
are controlled by two servo motors. When the vehicle is
driving on slopes or rough terrain, the instantaneous tilt
of the platform is measured by a gyroscope, making it
particularly suitable for outdoor work.

Literature [23] proposes a two-wheel self-stabilizing lev-
eling mechanism, which uses two DC motors to match the
driver and Arduino UNO microcontroller board. The value
of the tilt Angle is obtained by the IMU and fed to the PID
controller to control the balance of the drive motor in the
system.

The levelling mechanism designed in this paper is used
to carry out the next experiment, and the platform is lev-
elled at an inclination of 1° to test the levelling time under
this workload. According to the data obtained by the sen-
sor, the leveling algorithm and linkage algorithm in this
paper, together with the parameters of the servo motor, can
obtain the time required for the platform balance when
the Angle of the platform is 1°. According to the position
error after four times of fine adjustment obtained by the
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Table 9. Comparison of experimental data between the leveling mechanism designed in this paper and other leveling
mechanisms.

method Reference [22]
methods

Reference [23]
Methods

Textual
method

Maximum tilt Angle
Leveling time when the single leveling 5◦ 5◦ 19.93◦

Angle is 1 140 ms 235 ms 100.3 ms
Leveling Angle error < 1◦ < 2◦ < 0.3◦

simulation experiment of fine adjustment, the Angle error
after finishing the leveling operation can be obtained by
comparing with the data of the inclination sensor.

According to the experimental data in literature [22] and
[23], the specific comparison with the small three-point lev-
eling mechanism proposed in this paper in terms of level-
ling time, levelling range, and whether there are additional
problems in the same proportion of levelling workload is
shown in Table 9.

By comparing the data with the two foreign mainstream
leveling equipment, the leveling speed and accuracy are
slightly higher than those in the literature [22] and [23], and
the leveling range is greatly improved compared with the
other two methods.

4. Discussion

Although this paper presents a small three-point leveling
system that meets the design requirements, some problems
remain unsolved. Since the mathematical modeling of the
platform in this paper is based on the premise that the
levelling table, the supporting link and the working envi-
ronment are all rigid, that is to say, the levelling table, the
supporting link and the working environment will not pro-
duce deformation enough to affect the result when the force
is acted on. However, when the actual leveling platform,
supporting connecting rod and working environment are
subjected to force, corresponding deformation will occur,
and the deformation has a certain impact on the perfor-
mance of the leveling system, and even the platform can
not be adjusted to balance in serious cases. Although the
corresponding statics analysis of the leveling mechanism
has been done in this paper and its usability has been con-
firmed, there are no specific requirements for its working
environment. Therefore, it is necessary to further analyze
the working environment of the platform and establish a
more accurate application system.

5. Conclusions

Designed a different from traditional leveling system based
on a tripod, a novel parallel robot, so that it can be widely

applicable to environment, can meet the demand of more
leveling. The structure is more lightweight, the leveling
speed is faster, and the application range is wider. Com-
pared with the old structure, the structure designed in this
paper provides superior horizontal range and institutional
flexibility. In terms of comprehensive performance, the
proposed structure is superior to the traditional leveling
system.

Put forward a more advanced level algorithm, through
to the finer leveling operation to carry on the multiple iter-
ations, rapidly improve the leveling accuracy. In addition,
the linkage module is also designed for the leveling struc-
ture, which is the result of the analysis and design of the
structure in this paper, and is not suitable for the conven-
tional leveling device of the standard structure.

Design a more efficient algorithm validation protocols.
Through modeling the platform tilt, two sets of simulation
data are obtained through physical simulation and digital
derivation of platform model. The results of the two sets
of data are directly compared for data-driven validation.
This method avoids the low precision and low efficiency
of manual repeated calculation, significantly improves the
accuracy of algorithm verification, and effectively reduces
the time required for verification.

The purpose of this study is to provide a new reference
for the design of automatic leveling control system for vehi-
cles and other small devices. The aim is to solve the various
limitations caused by the traditional single leveling struc-
ture. This study improves the level of leveling system from
the aspects of structure, algorithm and verification. It has
certain significance for the development of small levelling
device in civil field.
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