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Abstract: This paper presents the design of a fuzzy controller for vehicles” Anti-lock Braking System (ABS), aiming to
prevent wheel lockup during braking and enhance vehicle control under critical conditions. Wheel lockup can lead to an
increased stopping distance and a loss of vehicle control, particularly on slippery road surfaces. The ABS accurately
controls the hydraulic pressure within the braking system to maintain the longitudinal slip between the tire and the road
surface within an allowable range. In this study, an optimal fuzzy controller is designed to achieve desirable performance
in the ABS. The proposed controller can effectively prevent wheel lockup by adjusting the braking force on the front and
rear wheels while improving braking performance under various road conditions. This research focuses on utilizing a
fuzzy control system to enable rapid adaptation to different road conditions and mitigate the negative effects caused by
wheel slips. Simulation results demonstrate that the proposed system can deliver superior performance compared to
conventional braking systems. By improving the design of the ABS, this study contributes significantly to enhancing
vehicle safety and reducing road accidents.
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Extended Abstract

1- Introduction

Anti-lock braking systems (ABS) are critical for vehicle
safety, preventing wheel lockup during sudden braking
and enhancing steering control, especially on slippery
roads. The design of a robust control system for ABS can
significantly improve braking performance and vehicle
stability. Sudden braking and wheel locking are among the
most critical dangers that threaten vehicles and passengers.
Wheel locking increases braking distance and reduces
steering control, particularly on wet and slippery surfaces
where the risk of wheel locking is higher. Therefore, a
system that can control wheel brakes and prevent slippage
is essential. This paper focuses on designing a fuzzy logic
controller for controlling the opening and closing of
electric valves to generate braking force on all four wheels
of the vehicle. The motivation behind this study is to
enhance road safety and reduce the likelihood of accidents
caused by uncontrolled wheel slip.

2- Methodology

The proposed study utilizes a fuzzy logic controller to
manage the hydraulic pressure in the braking system. The
control strategy involves monitoring wheel speed sensors
and estimating longitudinal slip to adjust the braking force
accordingly. The fuzzy controller is designed with four
main components: fuzzification, fuzzy inference engine,
rule base, and defuzzification. The methodology includes
the development of a simulation model using
MATLAB/Simulink to evaluate the performance of the
proposed control system under various road conditions.
The model incorporates vehicle dynamics, hydraulic brake
modeling, and sensor data processing to ensure accurate

control of wheel slip. Additionally, real-world scenarios
such as sudden braking on wet and icy roads were
simulated to assess the system's robustness and
adaptability.

3- Results and discussion

Simulation results indicate that the fuzzy logic controller
effectively maintains the longitudinal slip within an
optimal range, preventing wheel lockup while maximizing
braking efficiency. Compared to conventional ABS
systems, the proposed controller offers improved stability
and shorter braking distances, especially on slippery roads.
The performance evaluation under different braking
scenarios demonstrates the adaptability of the controller to
varying road conditions. The proposed system shows
robustness against parameter variations and external
disturbances, proving its applicability in real-world
driving conditions. The comparative analysis with
traditional control methods highlights the advantages of
using a fuzzy logic approach, particularly in complex and
unpredictable environments

4- Conclusion

The fuzzy logic-based ABS controller designed in this
study offers a significant improvement in vehicle safety by
preventing wheel lockup and enhancing braking
performance. The simulation results confirm that the
proposed system can adapt to diverse road conditions and
provide reliable control of wheel slip. Future work could
involve the implementation of the controller in a real-time
embedded system and testing it on a physical vehicle to
validate simulation results. Furthermore, exploring hybrid
control strategies that combine fuzzy logic with machine
learning techniques could further enhance the adaptability
and efficiency of ABS systems.
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