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ABSTRACT

This paper presents the design, modeling, and optimization of an anti-lock braking system
(ABS) for the Vehicle, focusing on improving braking efficiency, stability, and safety. The study
develops a mathematical model of vehicle braking dynamics, implements real-time control strategies
using Arduino and MATLAB, and validates the performance through simulation and experimental
testing. Optimization techniques are applied to achieve minimum stopping distance while ensuring
vehicle stability under different road conditions. The results demonstrate that the proposed system

significantly improves braking performance compared to conventional methods.
Keywords: Anti-lock braking system; Optimization; Arduino; Braking control.
TOM TAT

Bai bdo nay trinh bay thiét ké, mé hinh héa va téi wu héa hé thong chong bé cieng phanh
(ABS) cho xe 6 16, tdp trung vdo viéc cdi thién hiéu qud phanh, dg én dinh va an toan. Nghién ciru
phat trién mot mé hinh todan hoc vé dong luc hoc phanh cua xe, trién khai céc chién lwoc diéu khién
thoi gian thiee bang Arduino va MATLAB va xdc thiee hiéu sudt thong qua mé phong va thir nghiém.
Cdc kJ thudt toi wu héa dwoc dp dung dé dat dwoc khodng cach dirng t6i thiéu dong thoi dam bdo
dé on dinh ciia xe trong cdc diéu kién dwong xd khdc nhau. Két qua chitng minh rdang hé thong dwoc

dé xudt cdi thién dang ké hiéu sudt phanh so véi cdc phwong phdp thong thuwong.
T khéa: Hé thong chong bé cieng phanh; Téi wu héa; Arduino; Piéu khién phanh.
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1. INTRODUCTION

The braking system is a critical safety
component in modern passenger vehicles. In
conventional systems, wheel lock-up during
emergency braking may result in loss of steering
control and extended stopping distances [1]. To
address this issue, anti-lock braking systems
(ABS) were developed, which modulate brake
pressure to maintain wheel slip within an
optimal range [2].

In this study, a widely used passenger
car in Southeast Asia, is selected as the reference
model. The aim is to optimize its braking system
using modern control techniques combined
with hardware implementation via Arduino and
real-time simulation in MATLAB. The novelty
lies in integrating optimization algorithms with
low-cost hardware to achieve performance
close to commercial ABS solutions.

2. LITERATURE REVIEW

Vehicle braking dynamics have
been extensively studied. Gillespie [3] and
Wong [4] established fundamental vehicle
dynamics, while Pacejka [5] introduced tire-
road interaction models. Modern ABS control
strategies include PID, fuzzy logic [9], sliding
mode control, and model predictive control
(MPC) [11].

Hardware-in-the-loop (HIL)
simulations have been widely used to validate
control algorithms. Pathak and Rathore [12]
demonstrated ABS implementation with
Arduino and Simulink. Chen et al. [13]
proposed disturbance observer-based ABS
control. However, limited work focuses on
optimization applied specifically to passenger
cars such as the vehicle.

3. METHODOLOGY
A. Vehicle Dynamics Model

The longitudinal
vehicle are modeled as:

dynamics of the
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Where m is the vehicle mass, v is
velocity, F_is longitudinal tire force, and F__
is braking force. Wheel slip ratio is defined as:

v —TWw

)‘_

'Lr
Where 1 is tire radius and o i1s wheel
angular speed. Optimal slip Xopt is typically
0.15-0.2 [5].

B. Control Strategy

A slip-ratio based ABS controller is
designed. The Arduino receives wheel speed
data from Hall-effect sensors, computes slip
ratio, and modulates solenoid valves via PWM
signals to regulate hydraulic brake pressure.

C. Simulation Environment

MATLAB is used to implement
vehicle dynamics and controller blocks.
Communication with Arduino is established
using Serial Receive/Send blocks [18].
Optimization is carried out by tuning PID/fuzzy
parameters using Simulink’s Optimization
Toolbox.

4. EXPERIMENTAL SETUP

The experimental platform consists
of: (1) Arduino Uno microcontroller; (2) Hall-

effect wheel speed sensors; (3) Hydraulic brake &
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actuator with solenoid valve; (4) DC motor
driver for modulation; (5) MATLAB/Simulink
for HIL simulation. The experimental platform
was designed to validate the proposed ABS
optimization strategy. A block diagram of the
hardware components and control architecture
is presented in Figure 1. In addition, the control
algorithm was implemented in MATLAB for
real-time communication with the Arduino.
The Simulink model is illustrated in Figure 2,
where Serial Receive and Send blocks enable
bidirectional data exchange.
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PWM signal | DG motor LED

Figure 1. Arduino-based ABS control system block
diagram
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Figure 2. Simulink model for real-time ABS control
with Arduino interface

5. RESULTS AND DISCUSSION

Simulation results demonstrate that the
optimized ABS controller reduces stopping

distance by approximately 15% compared
to conventional braking under dry road
conditions, and up to 25% on wet surfaces.
Stability improvement is reflected in reduced
yaw rate deviation.

Simulation results of slip ratio under ABS contro
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Figure 3. Simulation results of slip ratio under
ABS control

The stopping distance and stability
improvements are summarized in Table 1.

The proposed model was tested under
various road conditions. As shown in Figure 3,
the slip ratio was successfully maintained near
the optimal value (0.2) during braking.

Experimental  validation  confirms
that Arduino-Simulink implementation can
effectively replicate ABS performance at
low cost. These results align with previous
studies [9], [12], [13], while providing specific
optimization for vehicle.

Table 1. Comparison of braking performance

Condition | Comentional | Optimised | 1o ey
Ag)lilyalt 42 m 36m 14.3%
Agﬁgn 56 m 42m 25.0%
Sélg::iy 88 m 70 m 20.5%
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6. CONCLUSION

This paper developed and validated an
optimized ABS control system for vehilce using
Arduino and MATLAB/Simulink. Results
showed significant improvements in braking
efficiency and vehicle stability. Future work
will focus on real-vehicle testing and advanced
optimization methods such as reinforcement
learning. <
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