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ABSTRACT 

This paper presents a control and torque distribution method for Electric Vehicles (EVs) based on a slip 

ratio observer. The EV model used is a four-wheel model, developed and simulated in two different 

software environments: Matlab Simulink and CarSim. In addition, the paper incorporates a slip ratio 

observer to achieve optimal results. Firstly, the slip ratio of the four wheels is observed to monitor and 

adjust the steering force, thereby regulating the vehicle dynamics to ensure stability under various road 

conditions and achieve optimal driving performance. Next, the vehicle model is implemented in both 

software environments to compare and evaluate the differences in control effectiveness, accuracy, and 

simulation capabilities between the two tools. Finally, the simulation results from both software platforms 

are analyzed to provide valuable insights for selecting an appropriate simulation approach in the design 

and development of EVs, as well as to validate the effectiveness of the proposed slip ratio observation 

method. 

Keywords-EV; slip ratio; traction control; traction distribution; CarSim 

I. INTRODUCTION  

Electric Vehicles (EVs) are increasingly becoming the 
primary development trend in the automotive industry due to 
their outstanding advantages in energy efficiency and 
environmental emission reduction [1-3]. Therefore, many 
studies have been conducted on EVs [4-11]. However, steering 
force control and distribution in these vehicles still face many 
challenges, especially those related to road grip and vehicle 
stability under complex driving conditions. The steering force 
control system ensures safety and optimizes operating 
performance [12-14]. When the vehicle enters a slippery road, 
the traction coefficient is low, and the slip ratio of each wheel 
will increase sharply, causing dangerous phenomena such as 
loss of vehicle control and swaying when turning. To limit this 
undesirable behavior, it is necessary to observe and estimate 
the slip ratio, which is a complicated quantity to measure 
accurately. The EV model used in this article is a four-wheel 
independent vehicle model [15-16], and CarSim software is 
used to build the most realistic model and dynamics [17-18]. 

In the linear motion of EVs, authors in [19] used a slip 
mode controller in the wheel anti-slip system to improve 
traction. As the car accelerated, the amount of energy 
consumed could be reduced. Authors in [20] and [21] adopted 
the sliding mode control method and combined Direct Yaw 
Control (DYC) with steering control, and realized the 
separation of yaw rate and side slip angle by introducing the 
steering angle control parameter. Authors in [22] and [23] 
monitored the side slip angle and designed corresponding 
correction factors to correct the rotational speed error. Authors 
in [24] presented an Accelerated Slip Adjustment (ASR) 
system for EVs, which was introduced with three main control 
methods: torque balancing between axles, optimizing torque 
distribution between axles, and independently controlling the 
sliding speed. The simulation results demonstrate that the 
proposed ASR system effectively utilizes road surface friction 
and minimizes wheel slippage, while significantly improving 
the vehicle's longitudinal movement stability. 

This paper will build a slip ratio observer to improve 
vehicle stability on all types of roads, and build a vehicle model 
on both Matlab Simulink and CarSim to compare the difference 
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between the simulation results obtained from the two software, 
identify the advantages and limitations of each software, and 
choose the appropriate software for each stage of the research 
process. Finally, the simulation results will demonstrate the 
correctness and effectiveness of the proposed software.  

II. ELECTRIC VEHICLE MODELING 

Figure 1 shows the structure of the four-wheel EV model, 

where *

i , *

iT , *

biT  are the steering angle, applied moment, and 

braking moment, respectively, and r , xv , and yv  are the 

angular velocity, longitudinal velocity, and transverse velocity 
of the Center of Gravity (COG). 

A. Dynamic Model 

Figure 2 shows the forces acting on the vehicle and wheels, 
the coordinate system, and the geometrical parameters of the 
vehicle. To clearly analyze the vehicle dynamics components, 
we need to determine the following equations: the force and 
moment balance model, the steering angle distribution, the 
relationship between the trunnion ratio and the friction 
coefficient, the wheel velocity, the forces acting on the wheels, 
and the regular forces. 

Applying Newton's second law to Figure 2, we get: 
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where m  is the mass of the vehicle, zJ  is the moment of 

inertia around the z-axis, xiF , yiF  are the forces acting on the 

wheel in the longitudinal and transverse directions of the wheel 

axis, xa , ya  are the longitudinal and transverse accelerations 

of the COG, fl , rl , fb , rb  describe the geometric 

characteristics of the vehicle, resF  is the total drag force, ρ  is 

the air density, FA  is the cross-sectional area of the vehicle, 

dC  is the aerodynamic drag coefficient, rrc  is the rolling 

friction coefficient, g  is the gravitational acceleration. 

The steering angle distribution rule is as follows (
1 , 

2  

are the left and right front wheel steering angles, respectively): 
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Fig. 1.  Vehicle model structure. 

 

 

Fig. 2.  Components acting on the vehicle and wheels. 
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The relationship    based on Burckhardt, shown in 

Figure 3, is given as follows [25]: 

    2 4 2

1 3 51 1res resc c v

res res zc e c e c F        (4) 

where res  is the coefficient of friction, res  is the slip ratio, 

zF  is the normal force of the wheel on the road surface, 1 5c c  

are the road surface coefficients. 

 

 
Fig. 3.  Relationship between the coefficient of friction and the sliding 

ratio of the Burckhardt model. 

The coefficient of friction at each wheel is as follows: 
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where l , s  are the friction coefficients in the longitudinal 

and transverse directions of the wheel, l , s  are the 

longitudinal and transverse slip ratios of the wheel, and sk  is 

the attenuation coefficient. The slip ratio is calculated as 

follows ( effR  is the effective wheel radius): 
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According to [26], the relationship between xF  and zF  is 

described as follows: 

 x z res resF F       (7) 

According to [27], the four-wheel velocity is calculated as 

follows (   is the slip angle of body x ). 

 
 
 
 

1

2

3

4

0.5

0.5

0.5

0.5

s f f

s f f

s r r

s r r

v v r b l

v v r b l

v v r b l

v v r b l









   

   


  


  

   (8) 

The force acting on the wheel is calculated according to the 
following formula: 
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According to [28], the magnitude of zF  is calculated as: 
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B. Vehicle Transmission Model 

For each wheel, the drive model is represented as follows: 

*

1

m
d d

m

K
T T
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


    (11) 

where mK  is the motor amplification factor, m  is the time 

constant, and dT  is the driving torque: 

d eff x b b x

dω
T - R F - k T = J

dt
   (12) 

Equation (12) is the moment balance equation for each 

wheel. In this case, xJ  is the moment of inertia of the wheel 

and b bk T  is the braking moment acting on the wheel axle. 

C. Vehicle Dynamics Model 

According to [29], the equation that expresses the 
relationship between vehicle kinematics and dynamics is as 
follows: 

 Mv C v  ɺ     (13) 

where M ,  C v  are the inertial and Coriolis matrices, vɺ  is a 

vector, and   is the torque that passes through the vehicle's 

center of gravity around the vertical axis. 

The dynamic model showing the relationship between 
acceleration, velocity, and yaw rate of a typical vehicle is 
represented as follows: 
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III. DESIGN OF SLIP RATIO OBSERVER 

Figure 4 shows the control structure of the entire power 
distribution system. There, the slip ratio will be observed, and 
the vehicle model will be built on two software, Matlab 
Simulink and CarSim. 

Deriving both sides of (6), we get: 
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In straight motion, x xv aɺ  and (15) is rewritten as follows: 
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According to [30], a slip ratio estimator is proposed as 
follows: 
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The term ɺ  contains derivative components, so it is very 

sensitive to noise, causing instability or affecting the 
estimator's convergence. In this case, an estimator with an 

additional error feedback component between the actual and 
estimated acceleration is proposed as follows: 
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where ˆ
xv gɺ , ˆ

s   , and 1s  . Finally, the proposed 

force estimator structure is shown below. 
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To ensure the accuracy of the estimator  , the coefficient 

̂  must be chosen to ensure the convergence of the estimator. 

We obtain the derivative of both sides of the estimation error 

  ˆt     as follows: 
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Replacing (16) and (19) into (20) we obtain: 
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To ensure convergence for the observer  , then: 
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Fig. 4.  Steering force distribution control structure. 
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IV. SIMULATION AND EVALUATION OF RESULTS 

To observe the change in slip ratio and control quality of 
the power steering system, a snowy road surface with a low 
adhesion coefficient and a dry concrete road surface with a 
high adhesion coefficient are selected for testing. The 
procedure is described in Figure 5 and the simulation 
parameters are given in Table I. 

 

Fig. 5.  Simulation scenario. 

TABLE I.  SIMULATION PARAMETERS 

Quantity Symbol Value 

Front and rear wheel distance l 2.91 m 

Front wheel axle and COG distance lf 1.105 m 

Rear wheel axle and COG distance lr 1.895 m 

Distance between the two front wheels bf 1.675 m 

Distance between the two rear wheels br 1.675 m 

Vehicle mass M 1270 kg 

Effective wheel radius Reff 325 mm 

Wind resistance surface area AF 2.2 m2 

Wheel moment of inertia Jw 2 Nm 

COG height from ground h 0.54 m 
 

 

 
 

(a) (b) 

  
(c) (d) 

  
(e) (f) 

Fig. 6.  Simulation results with a vehicle model on Matlab Simulink: (a) total applied traction; (b) traction force of each wheel; (c) moment of each wheel; (d) 

the vehicle's linear speed; (e) wheel speed; (f) four-wheel slip. 
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A. Simulation Results using a Vehicle Model Built on Matlab 
Simulink 

Figure 6 describes the simulation results with the vehicle 
model designed in Matlab Simulink. Figure 6(a) shows that the 
total traction force closely follows the set traction force with a 
short settling time and changes when entering slippery road 
conditions. The traction forces and moments at each wheel in 
Figure 6(b) and Figure 6(c) have changed appropriately as the 
road conditions change to meet the requirements of the total 
traction force. We can see that the torque and traction force at 
the left wheels decrease and at the right wheels increase when 
entering slippery road conditions. However, when exiting the 
road after about 24 s and sliding on a concrete road with a 
significant friction coefficient, the torque and traction force at 
the wheels change in the opposite direction to maintain the total 
traction force at the set value. Figure 6(d) and Figure 6(e) show 
the speed of the vehicle and the wheels. The speed has 
gradually increased over time, and there is no significant effect 
when entering slippery road conditions. The wheel slip in 

Figure 6(f) is approximately 0. When entering a slippery road, 
there is a change, but it is minimal, so the vehicle maintains 
stability. 

B. Simulation Results using a Vehicle Model Built on CarSim 

The simulation results when building a vehicle model on 
CarSim are described in Figure 7. It can be seen that the total 
traction response in Figure 7(a) has closely followed the road 
conditions and has changed less than in Simulink. The vehicle 
and wheel speeds in Figure 7(d) and Figure 7(e) have also 
increased gradually and are less affected. The traction forces at 
each wheel in Figure 7(b) and the engine moment in Figure 
7(c) change appropriately when the road conditions change to 
meet the total traction requirements. Figure 7(f) shows the slip 
ratio of the four wheels. Here, the slip ratio is about 0, and 
when entering slippery road conditions, the slip ratio fluctuates 
only slightly (about 0.008), which is much smaller than for the 
vehicle model in Simulink and does not affect the system's 
stability. Such high accuracy results demonstrate the accuracy 
of the CarSim software. 

 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

Fig. 7.  Simulation results with a car model on CarSim: (a) total applied traction; (b) traction force of each wheel; (c) moment of each wheel; (d) the vehicle's 

linear speed; (e) wheel speed; (f) four-wheel slip. 



Engineering, Technology & Applied Science Research Vol. 15, No. 3, 2025, 22437-22444 22443  
 

www.etasr.com An & Pham: Optimizing Electric Vehicle Steering Force Control using Slip Ratio Observer: Analysis … 

 

V. CONCLUSION 

This paper has studied and compared the effectiveness of 
two software, Matlab Simulink and CarSim, in simulating and 
optimizing the steering force control systems of Electric 
Vehicles (EVs). The author evaluated the accuracy, stability, 
feasibility, and efficiency of these two simulation tools by 
constructing a four-wheel vehicle model and applying a slip 
ratio observer. Such a comparison has provided valid insights 
and clarified the differences between the two software tools. 
The results show that CarSim provides detailed vehicle 
dynamics simulation capabilities and is closer to reality due to 
previously established and verified simulation parameters. 
Although Matlab Simulink is still limited in high accuracy, it is 
easy to adjust and the responses are good. The implementation 
of the slip ratio observer has further improved the accuracy and 
stability of the system. This study has opened up the potential 
for further applied research on EV stability control in the 
future. 
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