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This research aims to develop an autonomous vehicle system based
on swerve drive that is able to perform obstacle avoidance maneuvers
in a precise, adaptive, and real-time manner. The system is designed
by integrating three main components, a swerve drive mechanism to
produce omni-directional movement, a fusion sensor (lidar, camera,
and CMPSI12 orientation sensor) to improve the accuracy of
environmental perception, and a Predictive Control Model (MPC) as
the main controller to set a stable and smooth motion trajectory. The
prototype of the vehicle was designed using the Arduino Mega 2560
as the low-level controller and the ROS as the data processing center.
The test was carried out in an indoor environment with basic
movement scenarios, steering angle stability, object detection, and
obstacle avoidance at various distances. The results showed that the
swerve drive system was able to produce forward, lateral, rotation,
and diagonal movements stably with an average steering angle error
of 2—4 degrees. The fusion sensor shows consistent object detection
performance, especially at a distance of >80 cm. The initial
implementation of the MPC successfully resulted in a smooth
obstacle avoidance maneuver, although actuator response and
parameter tuning still need to be optimized for near-range (<50 cm)
obstacle scenarios. Thus, this study proves that the combination of
swerve drive, sensor fusion and MPC is an effective approach to
improve the navigation and safety capabilities of autonomous
vehicles. The developed system can be the basis for further
development towards autonomous vehicles that are more intelligent,
responsive, and adaptive.

INTRODUCTION

Autonomous vehicle technology is currently very developed, especially in the type of
wheel drive, the models offered are very diverse depending on the function of use (Bathla et
al., 2022; Betz et al., 2022; Guan et al., 2024; Negash & Yang, 2023). Currently, autonomous
vehicles generally use drive wheels such as differential wheels. In the application of wheel
drive, the control system used can vary, because the calculation of the movement depends
greatly on the model used. Vehicles that are able to move without a driver need precise
controllers and reliable sensors in carrying out their mission. One of the concerns of

3741



autonomous vehicles is how the movement of the vehicle is both in maneuvering to avoid
overtaking obstacles to prevent accidents (Pandian, 2019; X. Li et al., 2019), moving along
existing road paths (Landolfi & Dragan, 2018; Davnall, 2020) and parking (Jhang & Lian,
2020; Zhang et al., 2018; B. Li et al., 2018).

The swerve drive system is one of the omni-directional movement systems that can
provide high maneuver flexibility in autonomous vehicles. However, its implementation on a
large scale is still challenging because each wheel has speed control and angular direction that
must work well and precisely.

A swerve drive is a modular assembly, consisting of a drive wheel and a base, that rotates
around a vertical axis that passes through the center of the wheel (Vranas & Mourtos, n.d.).
There are two motors, one that drives the wheels, and the other that turns the direction of the
wheels. This method is widely used to run mobile robots that can move freely because they
have omni-directional movements. In this movement, the robot usually uses wheels that vary
in number depending on the implementation (Deng et al., 2021) and the robot's ability in the
area needed.

The urgency of this research is underscored by the pressing need for more effective
obstacle avoidance systems in autonomous vehicles to prevent accidents and improve overall
traffic safety. Collisions significantly contribute to traffic accidents and road congestion,
making vehicle safety during driving conditions critical. Current autonomous vehicle systems
demonstrate limitations in detecting and responding to obstacles, particularly in complex and
dynamic environments. The integration of sensor fusion techniques combining LiDAR,
cameras, radar, and ultrasonic sensors has emerged as a promising approach to overcome the
limitations of individual sensors. Research has shown that sensor fusion systems combining
LiDAR and camera data can achieve 96.5% detection accuracy with 0.2% collision rates,
significantly improving obstacle detection and distance estimation capabilities. However, these
systems still require sophisticated control strategies to translate perception data into safe and
precise vehicle movements.

The novelty of this research lies in the integration of three key technologies—swerve
drive, multi-sensor fusion, and Model Predictive Control (MPC)—into a unified autonomous
vehicle system. While previous studies have explored these technologies individually, this
research presents an original combination that addresses the limitations of existing approaches.
The swerve drive system provides omni-directional movement capability, the sensor fusion
(LiDAR, camera, and CMPSI12 orientation sensor) enhances environmental perception
accuracy, and the MPC algorithm ensures stable and smooth trajectory planning. This
integrated approach represents a significant advancement over previous research, which
typically focuses on individual components without addressing their synergistic integration.
The use of ROS (Robot Operating System) as the data processing center further distinguishes
this research, enabling seamless communication between perception, planning, and control
modules.

In dealing with these problems, this study proposes the use of Predictive Control ( MPC)
models combined with fusion sensors (cameras, lidar, proximity sensors). This combination is
expected to result in a more precise, more stable, more effective navigation system in avoiding
objects and having good maneuverability.
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METHODS

Swerve drive was one of the omni-directional drive methods that can make high
maneuverability. Each swerve drive module consists of one wheel drive motor and one actuator
motor which is in charge of rotating the direction of the wheel angle so that the vehicle can
move in all directions without having to change the body orientation of the autonomous vehicle.
The mechanical design and gear structure used in this system have been developed in various
studies (Vranas & Mourtos, n.d.; Gu et al., 2016; Dzikrullah, 2024).

Some other types of robot drives that are often used are differential wheels (Deng et al.,
2021), omni wheels (Wang et al., 2018) and mecanum wheels (Yuan et al., 2020). However,
swerve drives have advantages in directional stability and maneuverability, making them more
suitable for large-scale autonomous vehicle applications. Previous research has applied swerve
drives to mobile robots and humanoid robots with various control approaches such as sliding
mode control (Changoski et al., 2022), fuzzy logic controller (Caroline et al., 2025), and fuzzy
logic type-2 (Suprapto et al., 2024; Dwijayanti et al., 2025).

The Predictive Control model is one of the modern control methods that has a working
system by predicting the condition of the system at a certain period of time (prediction horizon)
and determining the optimal control action based on the mathematical model of the system.
The Predictive Control model excels at handling nonlinear systems, taking into account
actuator limitations, and ensuring smoother movement.

In the context of autonomous vehicles, the Predictive Control Model is used for various
applications such as speed stability, steering system angle control, and safe navigation planning
(Jhang & Lian, 2020; Zhang et al., 2018). Research shows that the Predictive Control Model
can reduce the risk of collisions because it is able to provide a faster and more accurate response
than traditional control methods (Hu et al., 2025; Tagliavini et al., 2024).

This research began by designing a prototype-scale swerve drive. This is chosen to ensure
that what is designed can work as intended at the time of actual creation. The prototype design
as seen in Figure 1.

In the design of this prototype it consists of several components including sensors,
microcontrollers, and actuators. This prototype uses a CMPS12 sensor, an A2M12 RPLIDAR
sensor, and a potentiometer that has been designed so that autonomous vehicles are able to
detect surrounding objects and maneuver well. Furthermore, the microcontroller used is the
Arduino Mega 2560 with the advantage of having many pin outs that it has up to 54 pins so
that it is able to control the entire system. And there are two actuators used, namely a stepper
motor as a control of the steering angle of the car which uses the A4988 driver and a DC motor
as a wheel speed controller which is controlled through the driver motor BTS7960.
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Figure 1. Design Prototype scale drive

In this prototype system, a swerve drive system has been used as seen in Figure 2. This
design is designed using various types of gears such as spur gear, straight bevel gear, and
straight bevel pinion.

Figure 2. Design of a prototype of a swerve drive

The next stage is to design a control system that is integrated with various components
so that it can maneuver properly automatically. The process starts from the collection of
position data through webcams, lidar and encoder. This data will be used in the program to test
whether an improved swerve drive system will be more effective compared to conventional
ones. This information will be as input for primary control (laptop) through ROS (Robot
Operating System) in serial communication, this ROS plays a very important role in managing
communication between components such as Arduino input programs, path planning programs,
and object road detection programs sent to the main control system through ROS. Furthermore,
the primary control system will output a signal to the microcontroller through ROS through
serial communication to control the motor through two methods, namely the pulse step to drive
the stepper motor and PWM (Pulse Width Modulation) for the DC motor.
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Figure 3. Direction of swerve drive motion on autonomous vehicles

In Figure 3, the direction of the autonomous vehicle's maneuver motion in all directions
is produced by the swerve drive. Kinematics and odometric systems are used to calculate the
speed and angle required for each swerve drive module to achieve the desired movement.
Omnidirectional movements allow robots to perform complex and efficient maneuvers.

The main focus of this study is to optimize the predictive control module control system
and sensor fusion in identifying and detecting objects as well as movement actions avoiding
objects. As can be seen in Figure 4, it is a diagram of an autonomous vehicle in moving to avoid
obstacles which aims to minimize accidents and be able to move more precisely, stably and

accurately.
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Figure 4. Autonomous vehicle obstacle detection diagram
RESULTS AND DISCUSSION

Figure 5 is the result of a prototype autonomous vehicle that has been completed for
laboratory scale. The Swerve Drive drive module that has been made is a wheel mechanism
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that can move in all directions and a mechanically tested gear design. The integration of stepper
motors and DC motors with each driver has been successfully carried out.

Figure 5. Prototype Swerve Drive robot

The assembly of the sensor system is also almost complete. Figure 6 is the result of the
installation and testing of the sensors. The CMPS12 sensor is installed and has been tested to
read the orientation well. The A2M12 RPLIDAR lidar is already connected and displays the

distance data in the ROS. The camera for object detection has been integrated into the primary
control system.

Figure 6. Assembly and positioning of sensors

This test is carried out to find out how quickly and accurately the motor stepper changes
the orientation of the wheel as commanded. Table 1 is the result of the stability test of the
robot's swerve drive steering angle.
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Table 1. Wheel Orientation Angle Testing
Target Angle Angles Achieved Error Response Time

0o 0.50 0.50 120 ms
45th 48th 3rd 150ms
90th 93 3rd 155 ms
135th 139th 40 165 ms
180th 183 3rd 170 ms

Figure 7 is a graph of the level of accuracy of the motor stepper in reaching the
commanded steering angle. The smaller the error value, the better the performance of the
swerve drive system.
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Figure 7. Graph of the steering angle against the target

The graph in Figure 9 is a response to how quickly the swerve drive module changes
the orientation of the wheel from the starting position to the command angle.
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Figure 8. Graph Response time to target

CONCLUSION

This research succeeded in creating a prototype of an autonomous vehicle based on
swerve drive with stable omni-directional moving capabilities. The integration of fusion sensors
(lidar, camera, and orientation sensors) improves detection accuracy and avoids obstacles. The
implementation of the Predictive Control Model (MPC) shows promising results in producing
more efficient and adaptive obstacle avoidance maneuvers. The test results showed that the
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vehicle was capable of detecting objects and performing dodging maneuvers automatically,
although further optimization and actuator response were still needed. Overall, this study
proves that the combination of swerve drive, sensor fusion, and MPC is an effective approach
to improve autonomous vehicle navigation.
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