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using a linear two-degree-of-freedom vehicle model in this study, which also looks into how to estimate the yaw acceleration and sideslip 

angular speed. Next, a vehicle dynamic stability control system is created that efficiently and inexpensively enhances a vehicle's dynamic 

stability by exploiting the nondrive-wheel speed differential. Simulated vehicle cornering processes on roads with various levels of friction 

and at various vehicle speeds are investigated, with speed control being used when the vehicle is travelling at a speed that makes it unstable. 

The ability of a vehicle to turn on roads with various friction coefficients is also tested using a driving simulator. 

1. Introduction 

When vehicles turn on low friction roads or steer while 

travelling at a high speed, if the lateral force provided by the 
tires is close to their adhesion limit, then the car will enter a 

dangerous state of operation, with increased risk of sideslip, 

sharper turning, or reduced responsiveness. Dynamic sta- 
bility control systems can significantly improve vehicle cor- 

nering performance, and so they have become the focus of 

intensive research and development in recent years [1–7]. The 
researches are mainly concentrated in two aspects. One is 

on the vehicle simulation model establishment, either with 
Matlab/Simulink [8] or with Simulink and ADAMS [9]. 

The other is on the stability control using different control 

strategies [10]. Use of such systems has however been limited 
by their high cost. For cars already equipped with automatic 

transmission, however, dynamic stability control can actually 

be realized simply by adding two nondrive-wheel speed 
sensors to the existing system. Such a system is very cheap 

and has proven to be capable of greatly improving the active 
safety of AT cars on crooked roads: it hence has great potential 

for the application in compact cars. This paper thus develops 

a vehicular dynamic stability control system based on the 
nondrive-wheel speed difference. 

The core concept of vehicular dynamics control is 
preventing vehicles from entering an unsteady stage by 

enhancing control during the quasi-steady stage. When 
the cornering characteristics of the vehicle’s tires enter the 

nonlinear zone, the lateral force imposed on the tires fails to 

maintain a linear relationship with the sideslip angle of the 
tires, leading to a large difference between the actual dynamic 

characteristics of the vehicle and those calculated according 
to a linear vehicle model. The physical properties of a vehicle’s 

movement, such as its lateral acceleration, yaw velocity, and 

sideslip angle, can be used to describe its lateral dynamic 
characteristics, and the measured values of these quantities 

are what deviate from their theoretically predicted values 

when the cornering characteristics of a tire enter the non- 

linear zone. The stability of vehicles can thus be deduced by 

analyzing the difference between the measured values and the 
nominal values of the abovementioned physical quantities. A 

vehicle’s cornering condition can be recognized as in a steady 
stage if said difference is small, while if it exceeds a preset 

range then the vehicle may be considered to have entered a 

quasi-steady stage, and dynamic stability control becomes 
necessary [11–20]. Measurement of properties such as lateral 

acceleration, yaw velocity, and sideslip angle requires special 

sensors that are generally expensive. To reduce this cost 
as much as possible, this paper hence utilizes the speed 

difference of nondrive wheels to judge the dynamic stability of a 
vehicle, on the following grounds: (1) the speed difference of 

nondrive wheels is directly proportional to the yaw velocity
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FIgURe 1: 2-DOF vehicle model. 

TABLe 1: Implication of all symbols. 
 

Symbols Implication 
 

�1 Front-wheel cornering stiffness 

�2 Rear-wheel cornering stiffness 

� Sideslip angle of center of mass 

� Longitudinal velocity of center of mass 

V Lateral velocity of center of mass 

� Distance from front axle to center of mass 

� Distance from rear axle to center of mass 

� Wheel space 

�1 Velocity of front axle center 

�2 Velocity of rear axle center 

�� Yaw velocity 

�0 Front-wheel cornering angle 
� Vehicle mass 

(2) the inner and outer speed of nondrive wheels can easily be V Lateral acceleration of center of mass 

measured by installing speed sensors, which are quite cheap. 

 

2. Calculation of Nominal Value of 
Wheel Speed Difference 

The following assumptions are made during construction of 

the linear 2-degree-of-freedom model: (1) influence from the 

steering system is negligible and the front-wheel cornering 
angle is input directly; (2) the function of the suspension 

is negligible and the car only moves in a plane parallel to 

the ground; that is, displacement along the �-axis, the pitch 

angle from the �-axis, and the roll angle from the �-axis are 

zero; (3) the forward speed of the car along the �-axis is 
constant. Based on such simplifications, the vehicle only has 

two degrees of freedom: lateral movement along the �-axis 

and yaw movement along the �-axis. The linear two-degree- 

�� Moment of inertia along coordinate � 

� � Yaw acceleration 

�1 Front-wheel sideslip angle 

�2 Rear-wheel sideslip angle 

��1 Lateral force of ground to front wheels 

��2 Lateral force of ground to rear wheels  

 

 

The above formula can be solved with � and �� as 
variables: 

 
�� 

of-freedom vehicle model is shown in Figure 1 and the �-axis [�0 ⋅ �1 ⋅ �2 ⋅ �+ ��� � (�1 + �2 )− ��� (��1 − ��2)] 
is perpendicular to the ground plane. 
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The differential equation for vehicle motion in 2-degree- 

of-freedom can be established as 
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The meaning of the symbols in Figure 1 and Formula (1) 

is listed in Table 1. 
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The equation � = V/� can be written as V = � ⋅ �, by = 0 1 2 � � 1 2 1 2 . 
derivation on both sides:  

V   = �  ⋅ �. (2) 

�1 ⋅ �2 ⋅ �
2
 + ��2

 (��1 − ��2)  

(5) 

By substituting Formula (2) into Formula (1), we obtain 

�� (�  +  ) =  (� + � ) � + 
1 

(�� − �� ) � − � � , 
 

 
In Formula (5), � stands for the wheelbase of nondrive 

wheels, while � and �0 are values measured by the sensors; all 
� 1 2 � 1 2 � 1 0 

values except for �� and �  are vehicle parameters. Since exact 
1 2 2 

 
 

measurement of the yaw acceleration � � and sideslip angular 

���   = (��1  − ��2) � + 
� 
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3. Estimation of Yaw Acceleration � �, Sideslip 7 

Angular Speed �, and Sideslip Angle � 6 

Based on the linear 2-degree-of-freedom vehicle model, we 
5
 

obtain 4 

Since 

� � = 
(��1�1 − ��2�2) .
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(a) Front-wheel angle input 
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Since 

� = . 
�  

     Actual model 

Linear model 

Time (s) 

V = ∫ ( 
1 
∑ � − �⋅ � ) ��, (9) 
 

(b) Speed difference between actual model and linear model at steady 

� � � 

we can thus obtain � = V/�. 

 

4. Turning Stability Control Strategy Based on 

Wheel Speed Difference 

Figures 2(b) and 2(c) show the speed differences obtained 

through simulation of the actual tire model and linear tire 
model when a vehicle is moving at speeds of 14.4 km/h 

and 28.8 km/h, respectively, on a road with a peak adhesion 

coefficient of 0.2, where the front-wheel cornering angle 
complies with Figure 2(a). 

We can see from Figure 2 that when the vehicle corners 
at a speed of 14.4 km/h, its tires work in the linear zone and 

the wheel speed difference calculated according to the linear 

stage 
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model essentially coincides with the wheel speed difference 
calculated according to the actual tire model. This consistency 

between the actual value and the nominal value allows for 

steady driving conditions. When the vehicle corners at a 
speed of 28.8 km/h, however, the tires are working in the 

nonlinear zone and the wheel speed difference calculated 

according to the linear model hence differs significantly from 
that calculated according to the actual tire model, resulting in 

unsteady driving conditions. 
Since the difference between the actual value and nominal 

value of the wheel speed difference reflects the cornering 

stability of the car, the dynamic control is becoming necessary 

(c) Speed difference between actual model and linear model at unsteady 

stage 

FIgURe 2: Speed difference between actual model and linear model. 

 

 
is inevitable, so an upper limit and a lower limit should 

be defined during design of the controller). A simple and 

practical PI algorithm is adopted here. Control input is the 
speed difference between the actual value and the nominal 

value, and the output value is the throttle opening. Consider 

to ensure stability if this difference exceeds a certain limit �� � = � + � ⋅ �+ ⋅ ∫ ���. (10) 
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FIgURe 3: Principle of vehicle dynamic stability control chart. 
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FIgURe 4: Characteristics of cars at different speeds on the low friction road. Curve 1: the speed is 14.4 km/h; Curve 2: the speed is 28.8 km/h; 

Curve 3: the speed is 54 km/h. 
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� = Δ�� − Δ��. (11) 

 
input by the driver. The principles of vehicle dynamic stability 
control systems are illustrated in Figure 3. 

�control stands for the actual control value of throttle 

opening; �input stands for input of the accelerator pedal 

opening by the diver; Δ�� stands for the nominal value of 

wheel speed difference; and Δ�� stands for the measured 
wheel speed difference. 

The target control value of the throttle opening is the 

smaller one between the control value of the throttle opening 

and the accelerator pedal opening input by the driver: 

�target = min (�input, �control). (12) 

This formula guarantees that the final target control value 
of the throttle opening is no more than the command value 

5. Cornering Stability Control 
Simulation and Test 

Figure 4 shows the curves produced by the simulation when 

the car is travelling at speeds of 14.4 km/h, 28.8 km/h, and 

54 km/h, respectively, on a road with a peak adhesion coeffi- 

cient of 0.2. This figure indicates that when the car is moving 
at a low speed, both the front wheels and the rear wheels are 

working in the linear zone. The yaw velocity is large and the 

movement locus of the center of mass is close to the ideal 
locus. As the vehicle’s speed rises, however, the front wheels 

enter the nonlinear zone, resulting in reduced yaw velocity 
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and a marked increase in the sideslip angle of the center of 
mass. During the simulation, the front-wheel cornering angle 
input is the same as in Figure 2(a). 

Curve 1 in Figure 5 shows the cornering of a car on 

a road with a peak friction coefficient of 0.2 and at a 
speed of 28.8 km/h, with the front-wheel cornering angle 

input being the same as indicated in Figure 2(a). It can be 
clearly seen that the combination of high speed and low 

adhesion leads to a large sideslip angle, resulting in the tires 

entering the nonlinear zone. Curve 2 shows the cornering 
of a car under the same road adhesion and the front-wheel 

cornering angle conditions as Curve 1, but the speed is 

decreasing from 28.8 km/h to 14.4 km/h. As the speed of 
the car decreases, the sideslip angle of both the front and 

rear wheels decreases sharply, with the front wheels shifting 
from the nonlinear zone to the linear sideslip zone, greatly 

improving the lateral stability of the vehicle. Since lateral force 

has a linear relationship with the sideslip angle when the tires 
are working in the linear zone, this allows the driver to steer 

the vehicle more easily. Figure 5(a) shows the increased yaw 

 
angular velocity, while the sideslip can be seen to be distinctly 
reduced in Figures 5(b) and 5(c). 

Figures 6 and 7 are the experimental results in the driving 

simulator in Jilin University, which is the largest one in China. 

As demonstrated in Figures 6 and 7, speed control can already 
enable a vehicle to corner smoothly under extremely low 

road adhesion conditions, but this does however result in big 
fluctuations in the steering wheel angle and yaw rate, which 

indicates that it is actually quite difficult to corner when the 

car is moving on a road with such a low adhesion, and hence 
destabilization can easily occur. 

 

6. Conclusion 

Though capable of greatly improving the cornering perfor- 

mance of vehicles travelling at high speeds and on roads with 

low adhesion, vehicle dynamic stability control systems are 
expensive. For cars already equipped with automatic trans- 

mission, dynamic stability control can actually be realized 

simply by installing two nondrive-wheel speed sensors to 
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the existing system. This paper designs a stability control 
system based on the wheel speed difference of nondrive 

wheels, which can be compared with the speed predicted 

by the linear 2-degree-of-freedom vehicle model in order 
to estimate the yaw rate and sideslip angular speed of a 

vehicle. Simulation tests are conducted on excessive sideslip, 
nonsideslip, and the elimination of excessive sideslip through 

speed control for vehicles moving at different speeds on roads 

of low adhesion, with tests of excessive sideslip and non- 
sideslip cornering being performed in a driving simulator. 

The system developed in this paper is quite inexpensive and 

could greatly improve the active safety of AT vehicles on 
the crooked roads and hence has great application pote- 

ntial. 
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