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In order to enhance the omnidirectional maneuverability of outdoor wheeled mobile robots, a mobile robot driven by a common
wheel is proposed, which realizes four-wheel steering (4WS), oblique motion mode, and spot turn modes according to di�erent
power distribution and angle of leg rotation. A dual-mode hybrid controller is designed based on the oblique and 4WS modes, in
whichmultipoint prescanning trajectory tracking control is used for the obliquemode, and incremental linear time-varyingmodel
predictive control (ILTV-MPC) is used for the 4WS mode. �e constraints required for the dual-mode controller are obtained by
experimenting with the test prototype’s transverse and longitudinal tracking performance. A joint MATLAB/CARSIM simulation
platform is used to compare and verify the performance of each mode controller under two operating conditions. In the �rst
condition, the tracking accuracy of the 4WS mode can be achieved by using the oblique motion mode, and the transverse sway
angle variation is signi�cantly reduced. In the second working condition, the oblique motion mode is better than the tracking
e�ect of the 4WSmode overall. �e results show that the oblique motionmode can be used instead of the 4WSmode for trajectory
tracking under a small-curvature reference trajectory.

1. Introduction

Since the 21st century, more and more attention has been
paid to the development of robotics at the national and
world level [1]. As an important branch in the �eld of ro-
botics, mobile robots can replace humans in complex en-
vironments for exploration and operation.�erefore, mobile
robots have broad application prospects [2]. Wheeled mo-
bility is similar to vehicle mobility with simple structure,
high speed, and high-speed maneuverability [3]. Traditional
wheeled mobile robots mostly use mecanum wheels as drive
wheels, combined with distributed drive methods to achieve
all-around mobility, and are widely used in excellent en-
vironments such as indoors [4]. However, McNamee wheels
have more structure compared to ordinary wheels and are
less wear-resistant in complex environments such as

outdoors. Some of the solutions with the Ackermann
steering mechanism have poor omnidirectional maneu-
verability and cannot pass through narrow areas below their
steering radius; some of the solutions with distributed drive
and di�erential steering have disadvantages such as high tire
wear, low accuracy of calculated position, and di�culty of
control [5]. In order to improve the motion control per-
formance of wheeled omnidirectional mobile robots, it is
particularly important to propose a scheme with high
mobility and high controllability.

In recent years, the development of the automatic steering
controller has attracted more attention [6]. In [7], an adaptive
neuron PID controller for nonlinear systems is experimentally
veri�ed, but its control parameters need to be determined by
extensive engineering tests and are sensitive to vehicle speed. In
[8], a side control algorithm for driverless vehicles is based on
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the combination of a genetic algorithm and PID. PID, as a
feedback link, ensures the accuracy of control. Compared with
a PID controller acting alone, it can improve the dynamics
characteristics of the system. In [9], a new control method is
constructed, the optimal pretargeting driver model lateral
position deviation.'e number of applications of fuzzy logic in
automatic steering control of unmanned vehicles has increased
significantly in recent years due to its inherent ability to handle
uncertain information and to simulate human logical rea-
soning and decision making [10]. In [11, 12], the fuzzy con-
troller works well for controlled systems without the complete
mathematical model, but coarse parameters of affiliation
functions and rule bases tuned by expert experience usually
produce overshooting and steady-state errors. In [13], the
closed-loop system is represented in the form of linear variables
and the Lyapunov controller parameters are tuned by optimally
solving the LQR-LMI problem. Model predictive control de-
termines the control input by solving the constrained opti-
mization problem on a rolling basis and has the advantages of a
“feed-forward-feedback” control structure, which can also
handle the constraints imposed by the kinematic and envi-
ronmental characteristics of themobile robot.Model predictive
control is widely used in the field of mobile robot trajectory
tracking [14]. In [15], model predictive control is used to track
the reference trajectory quickly and stably and to ensure the
real-time performance of the controller.

To design a mobile robot with all-wheel steering for
outdoor complex road conditions. 'is robot can realize
three motion modes. Among them, the multipoint pre-
scanning fuzzy compensated lateral tracking controller is
used for the oblique motion mode, and the ILTV-MPC
controller is used for the 4WS mode. 'e performance and
parameter determination experiments were conducted on
the test prototype, and the performance parameters of the
prototype obtained from the experiments were used as the
constraints of the control system. 'e designed controller is
jointly simulated in MATLAB/CARSIM platform to com-
pare and verify the low-curvature trajectory tracking effect
under two motion modes.

2. Mobile Robot Chassis Motion Mode

'e structure of the mobile robot chassis is shown in Fig-
ure 1. 'e main motor provides direct power and the
auxiliary motor provides differential power. 'e main and
secondary motors providing power are arranged symmet-
rically. 'e dual power differential system consists of a
differential and electromagnetic clutch, which distributes the
speed of the left and right axles through the distribution of
the two power flows. 'e swing-arm travel mechanism with
the balance rocker consists of the balance rocker, swing leg,
steering motor, and wheels. 'e swing-arm travel mecha-
nism acts as the actuating part of the power output. 'e four
pendulum legs of the mobile robot chassis rotate inde-
pendently of each other and the dual power flow system can
provide any speed difference between the left and right half-
axes within the motor speed range so that a variety of driving
modes can be achieved through the combination of different
power distribution and steering modes.

2.1. SpotTurnMode. 'e spot turn mode allows the mobile
robot to pass through narrow areas where steering is not
possible. In this mode, the chassis is rotated clockwise or
anti-clockwise with the geometric center M as the origin
and the extension lines of the four swing leg positions
cross the geometric center of the vehicle, as shown in
Figure 2.

In order to realize the spot turn function, the main
motor holding brake is closed and the auxiliary motor
provides differential steering power. In the spot turn
mode, the relationship between the swing leg angles is as
follows:

β1 � β2

� β3

� β4

� tan− 1 L

H
 .

(1)

2.2.ObliqueMotionMode. 'e relationship of the swing legs
corresponding to the oblique motion mode is shown in
Figure 3, which realizes the point-to-point motion, and the
yaw angle of the mobile robot chassis does not change
during the motion. 'e relationship between the swing leg
angles is as follows:

β1 � β2
� β3
� β4.

(2)

In the oblique motion mode, only the main motor works
normally and the electromagnetic clutch is disengaged,
which can synchronize. Under the constraint of maximum
angle, the oblique steering mode can improve the lateral
stability of the mobile robot chassis. Taking advantage of the
oblique steering mode, the change of yaw angle during the
trajectory tracking can be suppressed to the maximum
extent.
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1. Swing leg 2. Main motor 3. Sub motor 4. Swing arm 
5. Wheel 6. Steering motor 7. Balance rocker arm 

8. Dual power differential system

Figure 1: Structure of the mobile robot chassis.
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2.3. 4WSMode. In the 4WS mode, the relationship between
the four swing legs of the mobile robot chassis is shown in
Figure 4.

With the same steering angle, the 4WS mode achieves
a smaller steering radius compared to the conventional
Ackermann steering. Based on the geometric relationship
between the pendulum legs, the 4WS mode inner and
outer turning angles are related to the turning angle of the
virtual wheel on the extension of the center of mass as
follows:

L

tan δL

+ H �
L

tan δm

,

L

tan δR

− H �
L

tan δm

,

0.5L

tan δL

+ H �
0.5L

tan δR

,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(3)

where L is the swing leg longitudinal distance;H is the swing
leg transverse distance; δR is the right swing leg turning
angle; δL is the left swing leg turning angle; and δm is the
virtual swing leg turning angle.

Neglecting the slip, the relationship between the left and
right wheel turning angle and the virtual wheel turning angle
on the extension line of the center of mass is derived from
the above equation, and the swing leg angle relationship is
shown in Figure 5.

3. Dual-Mode Tracking Controllers

3.1. Multipoint Prescanning Track Fuzzy Compensated Trace
Tracking Controller Based on Oblique Motion Modes. In the
low-speed oblique motion mode, all swing legs of the mobile
robot chassis turn at the same angle, and their center-of-
mass velocity direction is the same as the swing leg rotation
direction. Establish the model in Figure 6. 'e forward
prescanning distances of the mobile robot chassis are x1, x2,
x3. 'e distance between the chassis prescanning point and
the track is d1, d2, and d3, and they are tangent to the track.

'e lateral offset from each prescanning point to the
direction of the mobile robot chassis is as follows:

En �
dn

cos arcsin dn/xn( ( 
. (4)

'e prescanning deviation for a series of different pre-
scanning distances on the path can be obtained, and then the
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Figure 2: Spot turn modes.
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Figure 3: Oblique motion modes.
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offset angle under each prescanning point of the mobile
robot chassis is as follows:

αn � arctan
En

xn

 . (5)

'en, the swing leg angle control input δc at the current
control instant is

δc � w1α1 + w2α2 + w3α3( , (6)

where w1, w2, and w3 are the weight coefficients, and the
corresponding weight coefficients for different conditions
are shown in Table 1.

3.2. FuzzyCompensationControl Principle. Due to the use of
multiweight multipoint pretargeting, the increased weight of
the distal pretargeting point will cause the chassis to turn

early, thus causing the chassis steering error. To achieve a
more accurate trajectory tracking effect, the chassis turning
angle is compensated by using fuzzy control. 'e weighted
pretargeting point lateral deviation Em and dEm/dt obtained
when the distal pretargeting point weight is 0.7 are selected
as the input of the two-dimensional fuzzy system, and b is
the fuzzy system output.

'e input-output fuzzy set of the system is defined as
follows:

Em � NB, NS, NL, PL, PS, PB{ },

Em

·

� NB, NS, ZO, PS, PB{ },

b � NB, NS, NL, ZO, PL, PS, PB{ },

(7)

where the Em domain is [− 0.85, 0.85], the dEm/dt domain is
[− 1, 1], and b is the fuzzy system output. NB is “negative
large,” NS is “negative medium,” NL is “negative small,” ZO
is “zero,” PL is “positive small,” PS is “positive medium,” and
PB is “positive large.”

After getting the fuzzy set, fuzzy rules are established for
the input and output, and the fuzzy rule table can be ob-
tained as shown in Table 2.

'e fuzzy controller is designed in MATLAB, and the
output fuzzy system control surface is obtained as shown in
Figure 7.

'e output b is obtained by using the “area center of
gravity method” for defuzzification.

b �


n
i�1 biμc bi( 


n
i�1 μc bi( 

. (8)

'e combination of (6) and (8) yields a swing leg control
angle of δf as

δf � δc + b. (9)

3.3. ILTV-MPC Trajectory Tracking Controller Based on 4WS
Mode. A two-degree-of-freedom vehicle kinematic model is
used for analysis, and to simplify the calculation, it is as-
sumed that the mobile robot chassis does linear motion or
circular motion around a point at any moment and ignores
the role of the suspension. 'e vehicle inertial coordinate
system XOY is shown in Figure 8, and the X-axis is defined
to point due east and the Y-axis is defined to point due north.

'e velocity at the geometric center m of the mobile
robot chassis is

Vm � _Xm cos φ + _Ym sin φ. (10)

'e kinematic constraints and geometric relations be-
tween front axis and the geometric center are
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Figure 6: Multipoint prescanning model.

Table 1: Weighting coefficient assignment.

Conditions w1 w2 w3

E3≤ 2E2 0.3 0.2 0.5
E3≥ 2E2 0.7 0.2 0.1
E3≤ 2E2 and E2≤ 2E1 0.1 0.2 0.7
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_Xf sin φ + δm(  − _Yf cos φ + δm(  � 0,

_Xm sin φ − _Ym cos φ � 0,

Xf � Xm + 0.5L cos φ,

Yf � Ym + 0.5L sin φ.

(11)

From (10) and (11), the kinematic equation of the mobile
robot chassis is obtained as

_Xm

_Ym

_φ

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

�

cos φ

sin φ

2 tan δm

L

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

Vm , (12)

where (Xm, Ym) represents the geometric center coordinates
of the mobile robot chassis; φ is the transverse swing angle of
the mobile robot chassis; δm is the front and rear wheel
deflection angle; Vm is the geometric center velocity; and L is
the axis distance.

From (12), the system consists of state
_χ � _Xm

_Ym _φ 
T
with input u � Vm δm 

T. Its general
form is

_χ � f(χ, u) . (13)

For a known reference trajectory, which can be repre-
sented by the trajectory of the reference vehicle, the points
on the reference trajectory all satisfy the kinematic equa-
tions, and the general form of the reference r is

_χr � f χr, ur( , (14)

where _χr � _Xr
_Yr _φr 

T
and ur � Vm δm 

T.
Equation (13) is subtracted from equation (14) at the

reference trajectory using a Taylor series expansion and
neglecting the higher order terms. 'e resulting linear error
model of the mobile robot chassis is discretized to obtain

χ(k + 1) � Ak,tχ(k) + Bk,tu(k), (15)

where Ak,t �
1 0 − Vr sin φrT

0 1 Vr cos φrT

0 0 1
 ; Bk,t �

cos φrT 0
sin φrT 0

2 tan δrT/L 2VrT/L cos2δr

 ;

and T is the sampling time.
Transforming the control inputs into increments, the

state space expression for an incremental linear time-varying
system combining the output is

ξ(k + 1|t) � Ak,tξ(k|t) + Bk,tΔU(k|t),

η(k|t) � Ck,tξ(k|t),
(16)

where Ak,t �
Ak,t Bk,t

0m×n Im

 ; Bk,t �
Bk,t

Im

 ; n is the state

volume dimension; and m is the control volume dimension.
To ensure the real-time nature of the controller, ap-

proximation of Ak,t and Bk,t is handled as follows:

Ak,t � At,t, k � 1, 2, . . . , t + N − 1,

Bk,t � Bt,t, k � 1, 2, . . . , t + N − 1.
(17)

3.4. Constraint Conditions and Optimal Solution. 'e situ-
ation that the optimal solution is not available in the pre-
dicted time domain can occur during the real-time change of
the system model. 'us, a relaxation factor is introduced to
make a feasible solution for each optimization. In designing
the trajectory tracking controller, the objective function
optimized in the literature [10] takes the following form:

Table 2: Fuzzy rules.

Em NB NS NL PL PS PB PB NB PB
dEm/dt ZO ZO ZO ZO ZO ZO ZO NB PB
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J(k) � 

Np

i�1
η(k + i|t) − ηref(k + i|t)

2
Q + 

Nc− 1

i�1
ΔU(k + i|t)

2
R + ρε2 ,

(18)

where Np denotes the prediction time domain; Nc denotes
the control time domain; ρ denotes the weight coefficient; ε
denotes the relaxation factor;Q denotes the weight matrix of
output deviations; and R denotes the weight matrix of
control increments.

To ensure that the all-wheel steeringmobile robot chassis
is fast and stable for trajectory tracking, optimization of the
system control volume needs to be incorporated; constraints
on the control inputs are expressed in the form of

umin(t + k)≤ u(t + k)≤ umax(t + k),

k � 0, 1, 2, . . . , Nc − 1.
(19)

'e constraint on control increment is expressed in the
following form:

umin(t + k)≤Δu(t + k)≤Δumax(t + k),

k � 0, 1, 2, . . . , Nc − 1.
(20)

'e above equation is converted into the form of control
increment or control increment multiplied with the trans-
formation matrix, and finally, the objective function com-
bined with the constraints is transformed into the standard
quadratic form for the computer solution as follows:

J ξ(t), u(t − 1),ΔUt(  �
ΔU(t)T

ε
⎡⎣ ⎤⎦

T

Ht

ΔU(t)
T

ε
⎡⎣ ⎤⎦ + Gt

ΔU(t)
T

ε
⎡⎣ ⎤⎦

s.t.

Umin ≤A∗ΔUt + ΔUt ≤Umax,

ΔUmin ≤ΔUt ≤ΔUmax,

ε> 0.

⎧⎪⎪⎨

⎪⎪⎩

(21)

3.5. Feedback Correction. In one control cycle, a series of
control input increments in the control time domain is
obtained upon obtaining the solution of (21):

ΔU∗t � Δu∗t ,Δu∗t+1, . . .Δu∗t+Nc− 1 
T

. (22)

Taking the first element of this series of control input
increments as the control input increment of the actual
system, the input to the system at this moment is

u(t) � u(t − 1) + Δu∗t . (23)

'e system executes this control input until the next
control cycle, uses the new state information to repredict the
sequence of control input increments for the next control
time domain, and then applies its first element to the system
to execute the next control cycle. In this way, the incremental
linear time-varying model predictive trajectory tracking
control of the mobile robot chassis is achieved.

4. Experiments and Simulations

4.1. Vehicle Parameters and Constraint Determination
Experiments. 'e structural parameters of the mobile robot
chassis are total chassis length (810mm), total width
(720mm), total height (360mm), total mass (65 kg), swing
leg length (D= 90mm), horizontal distance (H= 396mm),
vertical distance (L= 500mm), wheel radius (r= 90mm),
main and secondary motor power (0.4 KW), and torque
(1.27N·m). 'e lateral and longitudinal tracking experi-
ments were conducted on a good asphalt road, as shown in
Figure 9. Among them, Figure 9(a) shows the swing leg limit
angle of the prototype in 4WS modes, Figure 9(b) shows the

swing leg limit angle of the prototype in oblique motion
modes, and Figure 9(c) shows the swing leg limit angle of the
prototype in spot turn modes.

'e lateral tracking ability experiment of chassis test
prototype of mobile robot can get the angle constraint and
angle increment constraint of controller. In the tracking
ability experiment of three operating modes, the limit angle
and limit angle rotation time of the swing leg were recorded,
and the test results are shown in Table 3.

'en, the turning angle δm and the increment of turning
angle ∆δm in 4WS mode are

− 16.12° ≤ δm ≤ 16.12°,

− 2.093° ≤Δδm ≤ 2.093°.
(24)

In the longitudinal tracking capability experiment, the
desired speed of the robot was set to 1 and 2, and the ac-
celeration and deceleration times, as shown in Table 4, were
obtained by decelerating with the maximum braking force 5
seconds after reaching the desired speed.

From the experimental data, it can be obtained that
the acceleration process of the mobile robot chassis is
smooth and the acceleration is kept at around 0.41 m/s2.
Combining with the acceleration characteristics of the
mobile robot chassis, the velocity constraint can be set as
follows:

− 0.3≤ v − vd ≤ 0.3,

− 0.06≤Δv≤ 0.06,
(25)

where vd is the desired vehicle speed and ∆v is the speed
increment per control cycle.
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4.2. Comparative Simulation of Dual-Mode Trajectory
Tracking. To investigate the performance of the proposed
framework presented in Section 2, numerical simulations
with the controller have been conducted using vehicle
simulation software, CARSIM, and MATLAB/SIMU-
LINK. Figure 10 shows the block diagram of the
implementation, and the driving modes are selected by
manual switching and automatic switching. In the au-
tomatic switching mode, the driving mode judgment
receives the δf output of the multipoint prescan con-
troller with the δm and Vm of the MPC controller. If δm is
greater than 5°, 4WS mode will be selected for trajectory
tracking; if δm is less than 5°, oblique motion mode will be
selected for trajectory tracking. 'e mode selected will be

carried on until the next control cycle for mode
transition.

Import the mobile robot chassis structure parameters
into the CARSIM model and set the road adhesion coeffi-
cient to 0.85 and the reference speed to 1m/s. 'e reference
trajectory of working condition one is shown in Figure 11,
and the expression of the reference trajectory is

y � − (sin(0.1xπ + 0.5π) − 1). (26)

To test the small-curvature trajectory tracking capability
of the mobile robot chassis, trajectory tracking simulations
were performed on the chassis in the desired trajectory using
oblique motion mode and 4WS mode, respectively, and the
tracking performance of different modes was compared and
verified.

'e lateral position error is shown in Figure 12(a), the
maximum error of the lateral position of the oblique motion
mode controller is 6.77 cm, the average error is 2.48 cm, and
the root mean square error is 3.21%. 'e maximum error of
the lateral position of the 4WS mode controller is 4.05 cm,

(a) (b)

(c)

Figure 9: Test prototype. (a) 4WS mode. (b) Oblique motion mode. (c) Spot turn mode.

Table 3: Lateral tracking capability.

Operation modes Internal and external swing leg angle δ/° Time spent in leg swing t/s

4WS modes 19.96 0.682
13.78 0.476

Oblique motion modes 14.92 0.507
14.96 0.510

Spot turn modes 56.84 1.942
56.88 1.949

Table 4: Lateral tracking capability.

Test speed interval Acceleration time t/s Brake time t/s
0∼1m/s 2.2 2.3
0∼2m/s 3.4 3.6

Mathematical Problems in Engineering 7



the average error is 2.44 cm, and the root mean square error
is 2.72%. 'e longitudinal position error is shown in
Figure 12(b), the maximum error of the longitudinal po-
sition of the oblique motion mode controller is 8.02 cm, the
average error is 4.33 cm, and the root mean square error is
4.91%. 'e maximum error of the longitudinal position of
the 4WS mode controller is 9.27 cm, the average error is
3.57 cm, and the root mean square error is 4.30%. 'e
oblique motion mode used by the hybrid controller on
small-curvature path can achieve the tracking effect of the
4WSmode. Analysis of Figure 12(c) shows that the swing leg
angle in the 4WS mode changes in a small range with time
and within ±4.1°. 'e steering motor in the 4WSmode needs
to adjust the swing leg angle all the time, which causes the
error of the steering swing leg angle. Figure 12(d) shows that
the swing leg angle remains stable when increasing to 13.3°
in the diagonal travel mode. 'e dynamic adjustment of the

steering motor is reduced, which leads to the improvement
of the trajectory tracking accuracy on small-curvature path.
4WS mode and diagonal travel mode in tracking the first
part of the reference trajectory with the change of the
transverse swing angle are shown in Figure 12(e). 'e
transverse sway angle of the chassis remains unchanged, and
the transverse sway angle varies within ±18.7° in the 4WS
mode. 'e mobile robot chassis can significantly reduce the
transverse sway angle variation by using the oblique motion
mode and make the angle equal to that in another mode.
Compared with the 4WSmode, the advantage of small swing
angle variation in the oblique motion mode enables the
mobile robot chassis to achieve small-curvature trajectory
tracking and improve its transverse stability.

'e reference trajectory of working condition 2 is
piecewise, the first and third parts are five-meter straight
lines, and the second part is a ramp with a slope of 0.2 for
changing lanes, and the reference trajectory is shown in
Figure 13.

Condition 2 focuses on testing the stability of each
controller of the mobile robot chassis when the curvature of
the reference trajectory varies discontinuously. 'e tracking
performance of the chassis under different modes is com-
pared and analyzed.

'e lateral position error is shown in Figure 14(a), the
maximum error of the lateral position of the ramp mode
controller is 3.41 cm, the average error is 1.07 cm, and the
root mean square error is 1.49%. 'e maximum error of the
lateral position of the 4WS mode controller is 6.05 cm, the
average error is 1.88 cm, and the root mean square error is
3.08%. 'e maximum lateral error occurred in the 10m to
20m section, but the oblique motion mode could transition
to the desired state more quickly. 'e longitudinal position
error is shown in Figure 14(b), the maximum error of the
longitudinal position of the rampmode controller is 7.08 cm,
the average error is 2.30 cm, and the root mean square error
is 3.22%.'e maximum error of the longitudinal position of
the 4WS mode controller is 6.20 cm, the average error is
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Figure 10: Control strategy block diagram.
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3.24 cm, and the root mean square error is 3.74%. 'e
oblique motion mode ensures that the longitudinal error
converges to zero when the curvature of the reference
trajectory varies discontinuously. Figure 14(c) shows that
the swing leg turning angle in the 4WS mode changes
within ±2.54° in a small time range. During the real vehicle
test, the steering motor in 4WS mode needs to adjust the
swing leg at a small angle at all times, which causes the error
of the steering swing leg angle. Figure 14(d) shows that the
maximum swing leg angle of 12.2° is achieved in the oblique
motion mode. In the 10m and 20m sections, the angle
range is controlled within 1.23°. Yaw angles of the robot in
the two modes are shown in Figure 14(e). 'e chassis
transverse sway angle is maintained, and the transverse
sway angle varies within ±18.7° in the 4WSmode.'e angle
can be significantly reduced using the oblique motion
mode. Compared with the 4WS mode, the oblique motion
mode has the advantage of small swing angle variation,
which enables the mobile robot chassis to achieve small-
curvature trajectory tracking and improve its transverse
stability.

5. Conclusion

(1) A mobile robot chassis structure with a dual power
differential power system and a common wheel as
the driving wheel is proposed. 'e kinematic model
of each steering mode of the mobile robot chassis is
established, the corresponding principles are ana-
lyzed to derive its motion control strategy, and the
correctness of the design is verified theoretically. 'e
prototype was tested in lateral and longitudinal
tracking to verify the theoretical feasibility of the
designed mobile robot chassis and to determine the
required constraints of each controller.

(2) When the mobile robot chassis is performing small-
curvature trajectory tracking, the oblique motion
mode can achieve the trajectory tracking effect of the
4WS mode. 'e swing leg angle is more stable than
the 4WS mode when the curvature of the small-
curvature reference trajectory suddenly changes,
which improves the control accuracy of the swing
leg, and the transverse swing angle of the mobile
robot chassis maintains the initial value of the
oblique motion mode. 'e oblique motion mode
improves the trajectory tracking stability of the all-
wheel steering robot under small curvature while
achieving trajectory tracking accuracy.
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