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Electric wheelchairs have become an essential solution for individuals with mobility limitations; however, safe
and responsive control remains a primary challenge. This thesis aims to design an electric wheelchair system
integrated with joystick control and object detection technology using YOLOvV4 to enhance safety, accuracy,
and user-friendliness. The joystick control system serves as the primary user interface for wheelchair
navigation, while the safety system utilizes computer vision technology based on YOLOv4. The computational
process is executed on a Raspberry Pi 3 device. The electric wheelchair automatically stops and provides audio
warnings when obstacles are detected, implemented using an Arduino Uno to control the speed and direction
of DC motors while ensuring user safety. An experimental method is employed in the design of this electric
wheelchair. Testing results demonstrate that the joystick-based control system responds appropriately to user
commands, including forward, backward, right, left, rotation, and braking. The YOLO object detection
system achieves an average object detection accuracy of 98% with an average computational time of 3 to 5
seconds. The wheelchair can support a maximum load of 70 kg.
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1. INTRODUCTION

Based on data from the National Economic Survey in 2020, approximately 28.5 million Indonesians experience disabilities.
Wheelchairs serve as essential assistive devices commonly used to support mobility for individuals with motor system
impairments in their legs. While manual wheelchairs are widely utilized, they present several limitations, including high energy
requirements and dependence on assistance from others for daily activities.

As a solution to these challenges, electric wheelchairs have emerged as a more efficient alternative. Electric wheelchairs offer
advantages in terms of power and control, providing easier movement for users, particularly those who navigate
independently[1][2][3][4][5]. With technological advancements, various innovations have been implemented in electric
wheelchairs, including joystick-based control systems. However, there remains potential to enhance electric wheelchair
functionality through the integration of computer vision technology.

One technology that can be integrated is YOLO (You Only Look Once), a fast and efficient object detection method. YOLO
employs a simple detection model to recognize objects in images by applying single regression, creating bounding boxes with
associated class probabilities[6][7][8][9][10]. Integrating YOLO into electric wheelchairs enables real-time object detection
around the wheelchair, potentially enhancing user safety and comfort.

The integration of Arduino IDE (Integrated Development Environment) as a microcontroller facilitates wheelchair control
by generating PWM signal outputs transmitted to motor drivers, enabling speed control of electric wheelchair motors. This allows
the electric wheelchair to adjust its speed or take corrective actions based on surrounding conditions. In addition to braking
mechanisms, audio warnings are also provided when approaching obstacles. Therefore, this research aims to integrate joystick
control with object detection using YOLOv4. Through this technological combination, it is expected that wheelchair user
mobility and independence can be significantly enhanced.

Several studies on electric wheelchairs have been conducted using various methods. For instance, the Guided Following
Control System on Smart Wheelchairs using the YOLOV5 method based on Nvidia Jetson TX2 demonstrates that by employing
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YOLOVS5 to detect and track predetermined guides, smart electric wheelchairs can follow guides smoothly and responsively,
enabling users to navigate environments easily.

Joystick is a computer input device featuring a lever that can be moved in various directions along with multiple buttons
around it to perform additional functions [11][12][13][14]. Lever movements are converted into electronic signals, which are
then transmitted to the device being used. The joystick can continuously detect movement changes on each axis and send
corresponding analog signals. YOLO is an algorithm developed for real-time object detection. This detection system reuses
classifiers or locators to identify objects. Images are divided into grid cells with sizes adjusted based on input dimensions.
YOLO's core advantage is its high-speed detection without significantly compromising accuracy. This method can perform real-
time object detection with optimal performance, making it suitable for various applications requiring quick responses. This
research contributes to the field of assistive technology by developing an integrated electric wheelchair system that combines:

Joystick-based user interface for intuitive navigation control

YOLOV4 object detection system for real-time obstacle identification and safety enhancement

Arduino Uno microcontroller integration for efficient motor speed and direction control

Audio warning system for improved user awareness and safety

Comprehensive system architecture that demonstrates the feasibility of combining computer vision technology with
traditional wheelchair control systems

The integration of these technologies aims to significantly improve wheelchair user mobility, independence, and safety in daily
navigation tasks.

2. METHOD

2.1. Raspberry Pi 3

Raspberry Pi 3 is a single-board computer (SBC) developed by the Raspberry Pi Foundation. Released in February 2016, it
represents the third generation of the popular Raspberry Pi series and serves as a compact, affordable computing platform for
various applications including education, prototyping, and embedded systems [15][16][17][18][19]. Advantages for Projects
Like Electric Wheelchair:
Integrated Connectivity: Built-in Wi-Fi and Bluetooth eliminate need for external adapters
Processing Power: Quad-core processor sufficient for computer vision tasks like YOLOv4
GPIO Capabilities: 40-pin header allows connection to various sensors and actuators
Camera Support: Direct CSI camera interface for real-time image processing
Cost-Effective: Affordable price point makes it accessible for research and development

e  Community Support: Extensive documentation and community resources
Limitations:

e  Processing Constraints: Limited computational power compared to high-end computers

e Memory Limitation: 1GB RAM may be insufficient for complex deep learning models

e Thermal Management: May require heat sinks for intensive computational tasks

e  Power Consumption: Higher power consumption compared to microcontrollers
The Raspberry Pi 3's balance of processing capability, integrated features, and cost-effectiveness makes it well-suited for this
type of embedded assistive technology application, particularly when real-time computer vision processing is required
alongside traditional control systems.

2.2. Arduino Uno

The Arduino Uno is an ATmega328P-based microcontroller development board used to create and control electronic systems
such as sensors, motors, and other smart devices [20][21][22][23][24]. Arduino is an open-source platform for creating
programmable electronic projects. It provides easy-to-use hardware (such as the Arduino Uno) and software (the Arduino IDE).
The Arduino Uno is the most common and standard Arduino series, suitable for both beginners and professionals. The name
"Uno" means "one™ in Italian, signifying the first stable version of the Arduino platform. Arduino Uno Functions:

Reads input from sensors (e.g., temperature, light, distance).

Controls outputs, such as turning on LEDs, driving motors, or sending data to a computer.

Automates systems, such as automatic alarms, robots, irrigation systems, etc.

Serial communication, such as sending data to a computer or to other devices via USB, Bluetooth, WiFi, or LoRa.

Main Components of the Arduino Uno:
e ATmega328P Microcontroller
e l4digital 1/0 pins
e 6 analog input pins
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e USB port for programming

o Voltage regulator

e 16 MHz crystal oscillator
Arduino Uno Advantages:

e Easy to program with the Arduino IDE

e Numerous examples and documentation

o  Compatible with many sensors and modules

e  Suitable for learning and prototyping

2.3. DC Motor

A DC motor (Direct Current Motor) is an electric motor that converts direct current (DC) electrical energy into mechanical
energy in the form of rotational motion. When DC current flows through a coil within a magnetic field, an electromagnetic
force (Lorentz's Law) is generated that rotates the rotor (the rotating part of the motor) [25][26][27][28][29][30]. Table 1
outlines the fundamental components of a DC (Direct Current) motor and their respective functions. Understanding these
components is essential for comprehending how DC motors operate in applications such as electric wheelchairs, where reliable
and controlled mechanical motion is critical for user mobility and safety.

TABLE 1. MAIN COMPONENTS OF A DC MOTOR

Components Funtions
Rotor (Armature) Rotating part, containing coils or coils of wire
Stator Fixed part that provides the magnetic field
Brush Provides electrical connection to the commutator and armature

Changes the direction of current in the coils to maintain the direction of

Commutator rotation of the rotor

Shaft Holder for wheels, fans, or other mechanical loads

Important Characteristics of a DC Motor:

e  Operating voltage (e.g., 3V, 6V, 12V)

¢ Rotation speed (RPM — Rotations Per Minute)

e Torque (twisting force)

o Direction of rotation (can be changed by reversing the voltage polarity)
2.4. YOLO

YOLO (You Only Look Once) is a deep learning-based object detection method that can recognize and assign bounding
boxes to various objects in an image in one pass. YOLO is known for its speed and efficiency in processing images in real-
time, suitable for applications such as smart cameras, autonomous vehicles, and robotics. YOLO uses a Convolutional Neural
Network (CNN) architecture, where images are processed gradually through convolutional layers to extract features, then
classified and predicted directly [31][32][33][34][35]. Table 2 compares YOLO (You Only Look Once) with other popular
object detection methods, particularly R-CNN (Region-based Convolutional Neural Networks) and SSD (Single Shot
Detector). The comparison highlights the fundamental differences in approach, speed, and efficiency between these object
detection algorithms.

TABLE 2. YOLO vs OTHER METHODS:

Other Methods (R-
CNN, SSD) YOLO
Multi-stage One-step
Slow (many processes) Fast (real-time)
ﬁ‘ccurate detection but Fast and efficient detection
eavy
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Table 3 presents the evolution of YOLO (You Only Look Once) object detection algorithms, highlighting the key improvements
and distinctive features of each version. The progression shows how the YOLO family has continuously evolved to balance
accuracy, speed, and usability while expanding its capabilities beyond basic object detection

TABLE 3. YOLO vs OTHER METHODS:

Version Distinctive Features

YOLOv1 First version: real-time but less precise

YOLOvV3 More accurate and faster

YOLOv4 Optimized for accuracy and speed

YOLOvV5 Written in PyTorch, easier to implement

YOLOV8 Latest version: supports classification, segmentation, and tracking

Examples of YOLO Applications:
e  Smart security cameras (person or vehicle detection)
e  Autonomous cars (sign and pedestrian detection)
e Tennis or soccer robots (ball and player detection)
e Road damage detection
e Face mask detection
YOLO Advantages [36][37][38][39][40]:
o Real-time (very fast)
e End-to-end learning (directly from image to detection output)
e Multitask: Can detect multiple objects simultaneously

3. PROPOSED METHOD

This paper uses an experimental method to design a joystick-based electric wheelchair control system with YOLOv4
detection for speed control using the Arduino IDE (Integrated Development Environment) in the electric wheelchair control
system. The hardware design was implemented by implementing the schematic design in the wheelchair. The circuit schematic
is presented in Figure 1 of the hardware design. In the hardware design, wheelchair control is implemented using a joystick
connected to an Arduino ATmega328 microcontroller. The Arduino processes signals from the joystick to control wheelchair
movements such as forward, backward, turning left, turning right, and stopping. The PWM signal from the Arduino is forwarded
to the IBT02 motor driver, which controls the power, speed, and direction of the DC motor. The motor is powered by two 12V
12AH batteries connected in parallel, producing a voltage of 24V. Additionally, the wheelchair is equipped with a USB camera
connected to a Raspberry Pi3 running YOLOV4 to detect obstacles. The Raspberry Pi3 sends data to the Arduino via a serial
connection, which adjusts the speed and stops the motors, and provides an alert if there is an obstacle in front or behind the
wheelchair. The following is the design result of the device.

Comero USB

USB Kabel

Figure. 1. Tool Design

www.ascendiumglobal.org Design and Construction of an Electric Wheelchair with Joystick-Based DC Motor Control...



Journal of Intelligent Computing and Engineering 5
Vol. 1, No. 1, 2025, pp. 1-8

The software design was carried out by implementing the schematic design for the wheelchair. The circuit schematic is shown
in Figure 2. Software design. Connect a USB camera to the Raspberry Pi3, install YOLOv4, and configure it to detect objects
in front of and behind the wheelchair. Connect the Raspberry Pi3 to the Arduino via a serial connection to control the motor
driver, which reduces speed and provides warnings when obstacles are encountered. Connect a joystick to the Arduino to
control the wheelchair with signals for forward, backward, left turn, right turn, and stop. Program the Arduino to control the
DC motor based on instructions from the Raspberry Pi3 and joystick.

Figure. 2. Software Design

4. RESULT AND DISCUSSION

To determine the performance of the proposed tool, this article conducted 4 case studies, namely Joystick Control System
Testing, Yolo Detection, and Automatic Braking Testing on Electric Wheelchairs.

4.1. Joystick Control System Testing

The purpose of testing the joystick control system is to evaluate the extent to which the commands given correspond to the
desired direction when the joystick lever is moved. Based on the test results, the movement of the joystick lever on the wheelchair
indicates that the motor rotates according to the input provided by the joystick.

TABLE 4. JOYSTICK TEST

No | Joystick Control System Right DC Motor Left DC Motor
1 | Forward Vv Vv
2 | Backward \Vi \
3 | Right - \Y
4 | Left Vv

Based on Table 4, the joystick control system test results show that the voltage (V) values indicate the motors rotate according
to the commanded directions. The test was successful as the motors responded accurately to joystick inputs. When the joystick
is directed forward, both motors (right and left) rotate clockwise. Conversely, when the joystick is directed backward, both
motors rotate counterclockwise. For rightward movement, the left motor rotates at full speed while the right motor operates at
minimum speed, and vice versa for leftward movement.

www.ascendiumglobal.org Design and Construction of an Electric Wheelchair with Joystick-Based DC Motor Control...



Journal of Intelligent Computing and Engineering 6
Vol. 1, No. 1, 2025, pp. 1-8

4.2. Yolo Detection Testing

This YOLOvV4 control system test aims to assess the detection accuracy and computation time of YOLOv4 when detecting
obstacles in front of and behind the wheelchair. The purpose of this YOLOv4 control system test was to evaluate the detection
accuracy and computational time of YOLOv4 when detecting obstacles in front of and behind the wheelchair. The test results
showed that the lowest detection accuracy was 90%, while the highest detection accuracy reached 100%, with an overall average
accuracy of 98%. However, the system encountered limitations due to the Raspberry Pi 3 specifications, resulting in an average
computational time of 3-5 seconds.The Data can be seen in Table 5.

TABLE 5. YOLO DETECTION SYSTEM

No | Objects Akurasi (%) Average computation time (s) Distance (cm)
1 | Chairs 100% 4 50
3 | Motorcycles 100% 3 50
4 | Cars 100% 3 50
5 Cupboards 100% 5 50
6 | Beds 100% 5 50

TABLE 6. AUTOMATIC BRAKING TESTING

No Detection Information
1 | v &% * The rear camera detects an object
GooDEADAEEH COODEBA@BAE | atadistance of 500 cm, causing

the wheelchair to stop and sound
a warning sound.

L Objects are detected by the front
eae ‘l 086006 and rear cameras at a distance of
0.48 3 1 mand 500 cm, respectively, so

: the wheelchair stops and emits a
warning sound.

¥

4.3. Automatic Braking Testing on Electric Wheelchairs Testing

Automatic braking tests were conducted to ensure the device and program functioned as expected. Table 3 shows that the
system's safety level was quite high, as the wheel movement matched the object tracking. The wheelchair's movement was as
expected; when it approached an object, it automatically stopped and emitted a warning sound. Automatic braking tests were
conducted to ensure the device and program functioned as expected. Table 6 shows that, based on the two experiments, the
system's safety level is quite high because the wheel movement matches the object tracking. However, there were some minor
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errors due to object similarity. These did not impede the wheelchair's function or movement. When an obstacle was detected, the
wheel movement stopped as expected.

5. CONCLUSION

Electric wheelchairs have become essential for individuals with mobility limitations; however, safe and responsive control
remains challenging. This thesis presents an electric wheelchair system integrating joystick control with YOLOv4 object
detection technology to enhance safety, accuracy, and user-friendliness. The joystick serves as the primary navigation interface,
while YOLOv4-based computer vision provides obstacle detection. The system utilizes a Raspberry Pi 3 for computation and
Arduino Uno for motor control. The experimental design demonstrates that the joystick-based control system effectively
responds to user commands including forward, backward, right, left, rotation, and braking movements. Testing results reveal
the YOLOv4 system achieves 90-100% detection accuracy with an average of 98%, processing obstacles within 3-5 seconds.
The wheelchair automatically stops and provides audio warnings when obstacles are detected within 50 cm to 1 meter range.
Key findings include: (1) Successful integration of joystick control and YOLOv4 technology significantly enhances user safety;
(2) The integrated system effectively regulates DC motor speed and adapts to surrounding obstacles; (3) Automatic braking
mechanism functions effectively, detecting objects and stopping the wheelchair when obstacles are within 50 cm proximity;
(4) The combined joystick-YOLOvV4 system demonstrates excellent responsiveness and safety performance in both control and
object detection capabilities. This research contributes to assistive technology by developing an affordable, intelligent
wheelchair system that combines intuitive user control with advanced safety features, potentially improving mobility and
independence for users with disabilities.
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