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One of the major defects of the Conventional car Braking System
(CBS) is the lack of control of the amount of braking torque applied to
the wheels compared to the frictional torque between the tire and
the ground during extreme braking. If the driver does not have
accurate estimate of the road conditions, applying too much force to
the brake pedal will cause the wheels to lock. By locking the wheels
of the car, in addition to increasing the braking distance, the lateral
stability of the car is also reduced and the car deviates from its path.
The anti-lock braking system was designed to increase the efficiency
of the braking system, achieve the minimum braking distance and
increase the directional stability of the vehicle in emergency braking
situations by preventing the wheels from locking. For this purpose,
various control algorithms were proposed to control the amount of
slip, deceleration and angular velocity. In the present research, first,
analytical modeling was presented for the entire anti-lock braking
system followed by experimental validation tests and system state
equations. Then, two control algorithms of Rule-based and Sliding
Mode were designed for the system and their performance was
evaluated and compared with the experimental data obtained from
the brake system test under real conditions. The findings of this
research show that under real conditions, the use of rule-based
algorithms, with a small volume of calculations and programming
codes, can lead to acceptable results compared to robust algorithms
consisting of a high volume of calculations and programming codes.
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EXTENDED ABSTRACT

Introduction

The purpose of this research was to present the analytical and experimental method of
modeling, simulation and control of the rule-based in comparison with a robust control of
the anti-lock braking system under different road conditions and on the vehicle under real
conditions. To be able to obtain acceptable results of the performance of the braking
system under real conditions, the volume of calculations, programming codes and delays
in the anti-lock brake system were obtained to measure and estimate various parameters
for implementing an accurate control procedure.

Methodology

After modeling the governing equations of the vehicle brake system, according to
Figure 1, various sensors were installed on the car brake to transfer the intended data to
the data acquisition card. In addition, the wheel speed signals, opening and closing time of
the solenoid valves, and the start and end time of the hydraulic pump operation of the
anti-lock braking system were transferred to the data acquisition card and the computer.
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Figure 1. The vehicle equipped with devices for measuring data and sending commands.

Sliding mode controller design

The goal of the controller design was to reach a reference value of approximately 20%
slip between tire and contact patch. Therefore, three modes of Pw apply, which indicates
pressure increase, Pw hold, which indicates pressure holding, and Pw release, which
indicates pressure reduction were considered for Pc or brake hydraulic fluid pressure.
Figure 2 shows the speed of the simulated wheel dynamics and the speed of the wheel
experimental test.
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Figure 2. Experimental and simulated wheel speed (Sliding mod Control).

As observed in Figure 2, the simulated wheel speed was a relatively good match
with the test conditions as the simulation of the car and brake dynamics during
braking was suitable.

Rule-based controller design

According to the dynamics of the wheel during braking, its acceleration changed in the
range of 0.8g to -0.8g. On the other hand, in the slipping range of 10 to 20%, the highest
friction coefficient was created between the tire and the ground. Therefore, on this basis,
the above two parameters can be used and the rule-based algorithm can be designed in
order to control the slippage of the anti-lock braking system according to Figure 3.
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Figure 3. Rule-based controller algorithm of wheel slip and wheel acceleration.

Results and discussion

Figure 4 shows the stopping distances in the rule-based and sliding mode algorithms
and experimental tests. According to this diagram, it can be seen that the stopping
distance of the rule-based algorithms was similar to the experimental test, while the
stopping distance with the sliding mode algorithm was less.
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Figure 4. Stopping distance and vehicle speed of rule-based controller, sliding mode controller and
experimental test.
Conclusion

The design of the brake torque controller requires the achievement of a
comprehensive and an accurate dynamic model of the anti-lock braking system.In this
article, firstly, the modeling of the anti-lock braking system from the brake pedal to the tire
and the ground was relatively comprehensive and simulated in the MATLAB/SIMULINK
program, which was validated by experimental tests on the anti-lock braking system of the
Pride car, which is equipped with instruments for measuring various parameters affecting
the performance of the braking system. However, in this system, nonlinear factors and
parameters with a great deal of uncertainty exist such as the weight on the wheels, the
friction coefficient between the tire and the ground, the friction coefficient between the
pads and the disk, the conditions of the interaction of the tire with the ground, causing the
braking system to be have a non-linear intensity behavior, particularly in heavy braking.
Therefore, the use of robust controllers in anti-lock braking has always been considered.
One of the suitable methods of controlling the anti-lock brake in order to maintain and
improve its stability against uncertainty factors and environmental noises was the sliding
mode controller, which of course has complications in implementation stage. In contrast,
the use of rule-based algorithms with the ability to maintain system stability against
uncertainty factors is low, but their implementation is easier. In this method, by storing
the numbers related to the functional ranges of wheel acceleration and tire slippage, the
initial phase of braking torque control can be easily achieved. In the next step, a more
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suitable and faster control would be achieved with the synthesis methods of robust and
rule-based controllers. In the final section of this article, two designed sliding model and
rule-based controllers are presented and the results of these two controllers evaluated. It
is recommended that synthesis and adaptive controllers under real conditions are used in
future research. In addition, themes such as the feasibility of implementing different
controllers from the perspective of volume of calculations, estimates, delays, time
response of actuators and electronic devices and their reliability are explored while the
calibration of the mathematical model of the tire should be carried out more accurately
based on real conditions of the contact patch.
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