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The Antilock Braking System (ABS) technology has an acceptable
performance for vehicle control. Thus far, different control strategies
have been used to control the Antilock Braking System of vehicles. The
aim of this paper was to achieve a sliding mode control system as a
better system for vehicle Antilock Braking System control so that the
applied control signal leads to smooth and non-sudden operation of
the Antilock Braking System. Unavailability of a sensor to sense state
variables leads to their estimated values being used in the feedback
path of the system instead of using the original values of the state
variables. In this article, in addition to the design of the controller, a
strategy for designing multiple observers is presented. This leads to
the fast and stable performance of the Antilock Braking System
control system. Effectiveness of the proposed strategy was confirmed
by simulation in the MATLAB environment. The simulations were
based on the real-world data and therefore, the results confirmed the
performance of the proposed method in real applications.
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EXTENDED ABSTRACT

Introduction

Anti-lock braking (ABS) is a safety system for braking in vehicles that prevents the
vehicle’s wheels from locking when the driver brakes. The non-locking of the brakes allows
the driver to steer around the obstacles and leave the danger area without losing control of
the vehicle even while pressing the brake pedal to the limit.

One of the common dangers when driving vehicles is locking up their wheels during
heavy braking or on slippery road surfaces. This causes the braking distance to increase and
the influence of the steering wheel (the angle of the front wheels of the vehicle) on changing
the direction of the vehicle being greatly reduced. Under worse conditions, if the back
wheels are also locked, it will be possible for the vehicle to completely deviate due to the
unevenness and slope of the road surface, and it will be very difficult to control the vehicle.
Experienced drivers understand this and use intermittent braking to stop the vehicle. The
ABS system tries to perform an effect similar to the intermittent braking method
automatically when braking.

In the ABS system, the vehicle’s wheels are equipped with speedometer sensors that
send a signal to the microcontroller when the wheels are locked. The microcontroller, by
checking the received information, sends commands to reduce the pressure on the brake
cylinder of that wheel so that the wheel can rotate again. After the wheel is free, the brake
fluid pressure will return to normal.

The ABS system may cause a feeling of vibration along with the sound under the driver's
feet. However, there are ways to eliminate these items in vehicles. The main purpose of this
system is to increase the controllability of the vehicles and, contrary to popular belief, it does
not necessarily reduce the braking distance.

Methodology

The aim of this research was to achieve a sliding mode control system for ABS braking
system control so that the applied control signal leads to smooth and non-sudden operation
of the ABS system. Such control strategy known as robust controlling is used in other
applications. Therefore, instead of using the original values of the state variables, their
estimated values were used in the feedback path of the system. In the present study, in
addition to the design of the controller, a strategy for the design of multiple viewers was
presented. The results obtained from the simulation of the proposed method in the MATLAB
software environment based on the real-world data confirmed the effectiveness of the
proposed strategy. These simulations were based on the real-world data and the results
confirmed the performance of the proposed method in real applications. The block diagram
of the sliding mode controller for the ABS braking system is as per Figure 1. This block
diagram was simulated and tested in Simulink MATLAB.
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Figure 1. The block diagram of the sliding mode controller.

Results and discussion

The simulation results presented in Figures 2 and 3 show that the controller was able to
track the optimal slip rate in the minimum possible time. In addition, in steady state, the
tracking error of the controller was zero. Of course, using the estimated speed instead of the
original speed reduced some of the system efficiency, but compared to other controllers, this
reduction was less because this controller was actually a very strong robust controller
robust against such uncertainties.

It was observed that in this form, the tracking error became zero and the controller
reacted in a shorter period of time. Furthermore, the control signal was acceptable and had
no sudden and unacceptable behaviors, and thus the simulation results can be evaluated
and confirmed.
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Figure 2. Tracking results of optimal slide amount for wheels using sliding mode controller.
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Figure 3. Braking force of the system determined by the SMC controller.

Conclusion

The aim of this article was to achieve a sliding mode control system for controlling the
ABS braking system of vehicles so that the applied control signal leads to smooth and non-
sudden operation of the ABS braking system. Therefore, instead of using the original values
of the state variables, their estimated values were used in the feedback path of the system.
In addition to the design of the controller; a strategy for the design of multiple observers was
presented. In fact, the main goal was to achieve the maximum friction coefficient of the
system. The simulation results showed that the proposed controller was able to track the
optimal slide amount in the minimum possible time and the tracking error of the controller
was zero in the steady state. Using the estimated speed instead of the original speed reduced
the system efficiency, but compared to other controllers, this amount was minimal because
this controller was a robust controller against such uncertainties. As a result, the control
signal was acceptable and the sudden and unacceptable behaviors were not observed in the
ABS braking system.
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