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ABSTRACT: Two of the main challenges of electric vehicles are ensuring stability and preventing
wheel slippage. In the electric vehicle in this article, each wheel has an independent electric motor, and
this conventional vehicle is at a lower level than the autonomous and self-driving types. The body of
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this car has three degrees of freedom, and the wheel has three too, which is suitable for moving on a
flat road surface. The governing differential equations are obtained using the Newton-Euler method.

After mathematical modeling and determining the nonlinear state space for the vehicle and wheel,

the equations are verified by comparison with the CarSim software. Furthermore, both the control or  Keywords:
ensuring of vehicle stability and the control of traction or avoiding slippage are carried out with the ) - \epicle
help of an integrated predictive model controller, in which there is no interference or failure to the .

Stability Control

controller. In similar articles, separate controllers have been used, or they have been implemented in

a hierarchical and cascaded manner, which will be subject to interference and disruption. In addition, Traction Control
in this controller, a cost function is considered to minimize the desired indicators and optimize them to ~ Predictive Model Control
satisfy the constraints of the problem. Simulation results show that this controller has been successful ~ Optimization
in both stability control and traction control based on the European automotive standard, and the results

obtained are reliable.

1- Introduction The novelty of this study lies in the design of a unified

In the automotive industry, the dual challenges of vehicle
electrification and driver assistance automation have led to
increasing demands for advanced control strategies. Among
the critical safety concerns are vehicle stability and traction
control. Traditional solutions, such as anti-lock braking
systems (ABS), electronic stability control (ESC), and traction
control systems (TCS), were developed independently and
often rely on classical PID or fuzzy controllers[1-3]. While
effective under certain conditions, these methods suffer from
limitations such as large settling times during rapid changes
in road friction, lack of adaptability to nonlinear dynamics,
and potential conflicts when multiple controllers operate
simultaneously.

Recent works have explored advanced approaches
including sliding mode control, fuzzy-PID hybrids, and
hierarchical control structures[4-6]. However, these often
result in interference between layers or sub-controllers,
actuator saturation, and increased computational burden.
More recently, Model Predictive Control (MPC) has
emerged as a promising alternative, leveraging optimization
and predictive capabilities to handle nonlinear dynamics,
constraints, and multi-objective performance criteria [7-13].

*Corresponding author’s email: mfazel@yazd.ac.ir

MPC framework that jointly addresses yaw stability and
traction control in a single control layer. By embedding
both objectives into a shared cost function, the proposed
method eliminates the conflicts and inefficiencies of
cascaded schemes, offering robustness and compliance with
international stability standards.

2- Methodology
2- 1- Vehicle Dynamics Modeling

The EV model considered in this work includes three
degrees of freedom for the vehicle body—Ilongitudinal,
lateral, and yaw motion—and three degrees of freedom for
each wheel. The governing equations (Egs. 1-4) are derived
using the Newton—Euler approach, with tire forces modeled
via the semi-empirical Pacejka formulation [14] State
variables include vehicle velocities, yaw rate, and wheel
angular speeds, while control inputs are the driving torques
of the four in-wheel motors.
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2- 2- Predictive Control Design
The nonlinear state-space model was used to construct a

predictive model over a prediction horizon of NP=200 and a

control horizon of NU=10 with time step equals to 0.001s.

The cost function (Eq. 5) incorporates:

1. Yaw rate tracking relative to a reference model,

2. Minimization of slip ratios to prevent wheel slippage,

3. Speed regulation in cornering conditions,

4. Penalization of excessive control effort relative to driver
input,

5. Smoothness of torque variations to prevent actuator
saturation.
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Constraints restrict applied torques within physical motor
limits (1500 Nm). The optimization problem was solved
using the CasADi framework [15], which significantly
reduced simulation time compared to MATLAB’s built-in
solvers.

2- 3- Validation Procedure

To wvalidate the model, outputs from the nonlinear
equations were compared with CarSim results under a double
lane change (DLC) maneuver. Close agreement (maximum
errors below 10%) confirmed the suitability of the simplified
model as the internal predictor for MPC.
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3- Results and Discussion
3- 1- Stability Control Test

The sine-with-dwell maneuver, as defined in UNECE
Regulation 140 [16], was used to assess yaw stability. Results
show that the proposed MPC maintained yaw rate within
the required thresholds: at 1.0 s after input, the yaw rate was
less than 35% of the peak value, and at 1.75 s, less than 20%
(Egs. 26-27). Lateral displacement at 1.07 s exceeded 1.83
m, fulfilling the standard requirements.

3- 2- Traction Control Test

For traction evaluation, the vehicle was simulated on a
low-friction surface during launch with two-thirds throttle.
Without control, slip ratios quickly rose to unstable levels,
indicating wheel spin. With the proposed MPC, slip ratios
converged to near zero across all wheels, demonstrating
effective traction control even in challenging conditions.

4- Discussion

Compared to layered control schemes, the integrated
MPC avoids interference and actuator conflicts by embedding
both stability and traction objectives in a single cost function.
Furthermore, predictive capabilities enabled proactive torque
adjustments, reducing settling times and energy consumption
[17]. Although the simplified 3-DOF body model neglects roll
and suspension effects, results indicate sufficient accuracy.

5- Conclusion

This research introduced an integrated MPC framework
for electric vehicles with in-wheel motors, addressing the
dual challenges of yaw stability and traction control. Key
contributions include:

* Development and CarSim validation of a nonlinear
vehicle model suitable for predictive control,

* Design of a unified MPC cost function that balances
stability, traction, driver intent, and control effort,

* Demonstration of compliance with European ESC
standards through sine-with-dwell maneuvers,

* Proof of robust traction performance on low-friction
roads.

The results highlight the feasibility of applying MPC
as a real-time control solution for EV safety systems.
Future work may extend the model to include roll and
suspension dynamics, hardware-in-the-loop validation, and
implementation in autonomous driving scenarios.
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Fig. 1. Degrees of Freedom and Tire Forces
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Fig. 14. Slip Ratio Output for each of the Tires
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