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ABSTRACT
The rapid growth in transportation systems has resulted in serious challenges such as 
environmental pollution, excessive fuel consumption, traffic congestion, and increasing 
road accidents. Conventional fuel-based vehicles contribute significantly to greenhouse 
gas emissions and environmental degradation, creating a strong need for sustainable and 
energy-efficient transportation solutions. Electric Vehicles (EVs) have emerged as an effective 
alternative due to their low emissions, reduced operational cost, and improved energy 
efficiency. However, most low-cost electric vehicles still lack advanced safety, monitoring, and 
communication systems because of the high cost and complexity of modern intelligent vehicle 
technologies.

This paper presents the design and development of a low-cost Electric Vehicle integrated 
with a Driver Assistance System (DAS) and solar charging support. The proposed system 
combines electric mobility, driver monitoring, real-time vehicle tracking, video surveillance, 
wireless communication, and renewable energy integration into a single compact platform. 
The developed prototype consists of a fabricated chassis, DC motor, chain drive transmission 
mechanism, steering system, braking system, suspension system, and four 12V lithium 
batteries.

The Driver Assistance System includes ADAS and DMS cameras, Mobile Digital Video 
Recorder (MDVR), GPS tracking module, buzzer alert system, monitor display, and 4G/WiFi 
communication modules. The ADAS camera monitors road conditions, while the DMS camera 
continuously monitors driver behaviour to improve vehicle safety and driver awareness. The 
MDVR records and stores video footage captured from the cameras, and the GPS module 
enables accurate real-time vehicle tracking. A photovoltaic solar panel integrated with a charge 
controller provides auxiliary battery charging support and improves overall energy efficiency.

The developed prototype was experimentally tested under different operating conditions to 
evaluate vehicle movement, steering performance, braking efficiency, monitoring capability, 
GPS tracking accuracy, communication performance, alert generation, and solar charging 
functionality. Experimental results confirmed reliable coordination between mechanical, 
electrical, and electronic subsystems.

The proposed system provides a cost-effective, scalable, and practical smart transportation 
solution suitable for fleet management, public transportation, logistics monitoring, educational 
research, and intelligent vehicle applications. The project demonstrates the feasibility of 
integrating affordable driver assistance, monitoring, and renewable energy technologies into 
small-scale electric vehicles, thereby contributing toward safer, smarter, and more sustainable 
transportation systems.
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Integration, Smart Transportation
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1. INTRODUCTION:
Nowadays the transportation sector plays a major 
role in the economic and social development of every 
nation. However, the rapid increase in the number 
of fossil fuel based vehicles has created serious 
challenges such as environmental pollution, fuel 
consumption, traffic congestion and road accidents. 
Internal combustion engine vehicles release harmful 
gases such as carbon dioxide, nitrogen oxides, and 
other pollutants, which negatively affect air quality 
and contribute to global warming. In addition, 
increasing fuel prices and depletion of fossil fuel 
resources have created a strong need for sustainable 
and energy-efficient transportation systems. 

Electric Vehicles (EVs) have emerged as one of the 
most promising alternative transportation systems 
to conventional vehicles because they operate 
using electrical energy and produce zero direct 
emissions. EVs help in reducing environmental 
pollution, improving energy efficiency, and 
lowering operational costs. Due to these advantages, 
governments and industries around the world are 
encouraging the development and adoption of 
electric mobility technologies. Despite the growing 
popularity of EVs, many low-cost electric vehicles 
and prototype systems still lack intelligent safety and 
monitoring features that are commonly available 
only in expensive modern vehicles. 

Road safety has become another major concern in 
recent years. A large number of road accidents occur 
due to driver negligence, fatigue, distraction, over-
speeding, and lack of monitoring systems. Advanced 
Driver Assistance Systems (ADAS) are widely used 
in modern automobiles to improve vehicle safety and 
driver awareness. These systems include technologies 
such as driver monitoring cameras, road-view 
cameras, collision warning systems, GPS tracking, 
alert systems, and real-time communication 
technologies. However, most commercially available 
ADAS technologies are expensive and difficult to 
integrate into low-cost or educational prototype 
vehicles.

To address these limitations, this project focuses on 
the design and development of a low-cost Electric 
Vehicle integrated with a Driver Assistance System 
and solar charging support. The proposed system 

combines electric mobility, driver monitoring, vehicle 
tracking, video recording, wireless communication, 
and renewable energy integration. The main objective 
of the project is to create an affordable, efficient, and 
scalable smart transportation system suitable for 
educational research, monitoring, public safety and 
smart mobility applications.

The developed prototype consists of a fabricated 
chassis, DC motor, chain drive transmission system, 
steering and braking mechanisms, lithium battery 
pack, MDVR (Mobile Digital Video Recorder), 
ADAS camera, DMS camera, GPS module, monitor 
display, buzzer alert system, 4G SIM connectivity, 
WiFi module, and solar panel integration. The 
electric vehicle subsystem provides propulsion and 
movement, while the driver assistance subsystem 
enhances safety and monitoring capability. The 
solar charging subsystem supports auxiliary battery 
charging and improves overall energy efficiency.
 
The Driver Monitoring System (DMS) camera is 
used to observe driver behaviour and identify unsafe 
conditions such as driver distraction or drowsiness. 
The ADAS camera continuously monitors the road 
and supports safer vehicle operation. The MDVR acts 
as the central unit for video processing and storage 
by recording footage captured from the cameras. 
The GPS module enables real-time vehicle tracking, 
while the 4G and WiFi modules support wireless 
communication and remote monitoring. A buzzer 
alert mechanism is included to provide warning 
signals during unsafe conditions. In addition, 
the solar panel and charge controller help utilize 
renewable energy for supporting battery charging.

The project was implemented in two major stages. 
The first stage focused on electric vehicle fabrication, 
including chassis development, motor installation, 
battery integration, steering, braking, and mechanical 
assembly. The second stage focused on integrating 
the driver assistance system, GPS tracking, wireless 
communication modules, MDVR setup and solar 
charging support. The complete system was tested 
under different operating conditions to evaluate its 
mechanical performance, electrical functionality, 
and monitoring capabilities.

The proposed system offers several advantages 
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compared to conventional low-cost electric 
vehicles. It provides an integrated monitoring and 
safety platform at a much lower cost compared to 
commercial ADAS systems. The system also supports 
sustainable transportation through solar energy 
integration and electric mobility. Furthermore, 
the prototype can be expanded in the future by 
incorporating advanced technologies such as obstacle 
detection, cloud monitoring, mobile applications, 
artificial intelligence, and autonomous driving 
assistance features.

This project demonstrates the practical 
implementation of a smart electric vehicle system 
with integrated driver assistance and renewable 
energy support. The developed prototype can be 
used in applications such as fleet management, 
logistics and delivery services, educational research, 
public transportation monitoring, and intelligent 
transportation systems. The project also contributes 
toward the development of affordable smart mobility 
solutions for future transportation needs.

2. DESIGN
The proposed system was developed by integrating 
electric vehicle technology, driver assistance systems, 
real-time monitoring modules, and renewable energy 
support into a single low-cost smart transportation 
platform. The methodology adopted for this 
work includes system design, chassis fabrication, 
mechanical assembly, electrical integration, 
driver assistance implementation, solar charging 
integration, and performance testing. The complete 
development process was carried out in a systematic 
manner to ensure proper coordination between 
mechanical, electrical, and electronic subsystems.

2.1 Vehicle Structure
The vehicle chassis was fabricated using metal bars 
through cutting, grinding, and welding operations. 
The chassis provides structural support for all major 
components including the motor, battery, steering 
system, and electronic devices.

Fig. 1: Chassis fabrication and frame development

Fig. 2. Chassis fabrication and welding process of 
the proposed electric vehicle prototype.

2.2 Motor and Transmission
A high-torque DC motor was used as the propulsion 
unit of the vehicle. The motor converts electrical 
energy supplied by the battery pack into mechanical 
motion required for vehicle movement. A chain and 
sprocket transmission mechanism was implemented 
to transfer torque from the motor shaft to the rear 
wheels efficiently. The transmission system was 
selected due to its simplicity, reliability, and suitability 
for low-cost electric vehicle applications.
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Fig. 3: Motor, steering, and chain drive assembly

2.3 Battery System
The vehicle is powered using four 12V lithium 
batteries connected together to provide electrical 
energy for both the propulsion system and electronic 
subsystems. The battery pack supplies power to 
the DC motor, MDVR, cameras, GPS module, 
monitor display, and communication modules. 
Lithium batteries were selected due to their high 
energy density, lightweight nature, efficient charging 
characteristics, and long operational life.

2.4 Driver Assistance System
The Driver Assistance System consists of:
•	 ADAS Camera for road monitoring 
•	 DMS Camera for driver monitoring 
•	 MDVR for video processing and recording 
•	 GPS module for vehicle tracking 
•	 Buzzer for alert generation 
•	 7-inch monitor display 
•	 4G SIM and WiFi modules for communication 
The ADAS camera detects road conditions, lane 
positions, and nearby vehicles. The DMS camera 
monitors driver behavior and detects fatigue or 
distraction.

2.5 Solar Charging System
A photovoltaic solar panel along with a charge 
controller was integrated into the proposed electric 
vehicle to provide auxiliary battery charging support 
and improve energy efficiency. The solar panel 
converts solar energy into electrical energy, which 
is supplied to the battery pack through the charge 
controller.

The charge controller regulates voltage and current 
levels to ensure safe charging and prevent battery 
overcharging. The solar charging subsystem reduces 

dependency on external charging sources and 
supports sustainable vehicle operation.

During testing, the solar panel successfully provided 
auxiliary charging support to the lithium battery 
system without affecting the normal operation of the 
vehicle and electronic subsystems.

Fig. 4: Final developed prototype with solar panel 
integration

2.6 System Workflow
Fig. 5: system workflow

1.	 Battery supplies power to the motor and 
electronic components. 

2.	 Motor drives the vehicle through chain 
transmission. 

3.	 Cameras capture driver and road-view data. 
4.	 MDVR records and processes video data. 
5.	 GPS module tracks vehicle location. 
6.	 Monitor displays live camera footage. 
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7.	 Buzzer generates alerts during unsafe conditions. 
8.	 4G/WiFi modules enable real-time 

communication.

RESULTS
The developed prototype was experimentally tested 
under different operating conditions to evaluate its 
mechanical performance, electrical functionality, 
driver assistance capability, communication 
performance, and overall system integration. The 
testing process confirmed the successful operation 
of the proposed low-cost electric vehicle integrated 
with a Driver Assistance System and solar charging 
support.

3.1 Mechanical Performance
The mechanical performance of the vehicle was 
evaluated by testing vehicle movement, steering 
control, braking efficiency, and chassis stability. 
During testing, the vehicle demonstrated smooth and 
stable movement under normal operating conditions. 
The fabricated chassis maintained structural stability 
and supported all integrated components effectively.

The steering mechanism provided proper directional 
control and smooth maneuverability during vehicle 
operation. The braking system functioned effectively 
and ensured safe stopping of the vehicle without 
instability. The chain and sprocket transmission 
mechanism successfully transferred torque from the 
DC motor to the wheels with minimal power loss.

The suspension system reduced vibration during 
movement and improved overall driving stability.

Fig. 6. Mechanical performance testing of the 
developed vehicle

3.2 Electrical Performance
The electrical subsystem was tested to evaluate battery 
performance, motor operation, power distribution, 
and solar charging capability. The lithium battery 
pack supplied stable electrical power to both the 
propulsion system and electronic modules during 
operation.

The DC motor operated efficiently and provided 
sufficient torque for smooth vehicle movement. 
The electrical wiring and power distribution system 
maintained stable voltage levels without major 
fluctuations during testing.

The solar charging subsystem functioned successfully 
by providing auxiliary charging support to the battery 
pack. The charge controller regulated charging voltage 
effectively and prevented overcharging conditions.
The integrated electrical subsystem demonstrated 
reliable operation and efficient energy utilization 
throughout the testing process.

Fig. 7. Battery system and electrical integration 
testing

Table 1: Mechanical and Electrical Performance 
Results

Parameter Observation
Vehicle Movement Smooth and stable
Steering Control Proper directional control
Brake Performance Effective
Motor Performance Efficient operation
Battery Performance Stable power supply

3.3 Driver Assistance System Performance
The Driver Assistance System was evaluated by 
testing the functionality of the ADAS camera, DMS 
camera, MDVR, GPS module, monitor display, and 
buzzer alert system.
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The ADAS camera successfully captured clear road-
view footage during vehicle operation and provided 
continuous monitoring of road conditions. The DMS 
camera effectively monitored driver activity and 
captured driver behaviour accurately.

The MDVR processed, recorded, and stored video 
data from both cameras successfully without data 
loss. The monitor display provided clear live video 
output from the connected cameras during real-time 
operation.

The GPS module accurately tracked the real-time 
location of the vehicle with minimal deviation. 
The buzzer alert system generated warning alerts 
correctly during predefined testing conditions and 
unsafe situations.

The driver assistance subsystem demonstrated 
reliable monitoring, recording, and alert generation 
capability throughout the testing process.

Fig. 8: Live road-view and driver monitoring 
output

Fig. 9: MDVR and monitor display output

3.4 Communication Performance
The communication subsystem consisting of the 
4G SIM module and WiFi module was tested to 
verify real-time connectivity and data transmission 
capability.

The 4G SIM module successfully enabled 
internet connectivity for remote monitoring and 
communication. The WiFi module provided stable 
internal communication between connected 
subsystems. Real-time monitoring, video 
transmission, and GPS tracking data were successfully 
transmitted during testing.

The communication subsystem operated reliably and 
supported continuous system connectivity without 
major interruptions.

Fig. 10. Final developed prototype during testing

Table 3: Driver Assistance and Communication 
Performance

Component Result
ADAS Camera Functional
DMS Camera Functional
MDVR Recording Successful
GPS Tracking Accurate
Monitor Display Proper output
Buzzer Alert Functional
4G Communication Successful
WiFi Connectivity Stable
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4. RESULTS AND DISCUSSION
The proposed project successfully demonstrates the 
integration of electric vehicle technology, driver 
assistance systems, wireless communication, and 
solar charging support into a single low-cost smart 
transportation platform. The developed prototype 
was designed to address important challenges 
associated with conventional transportation systems, 
including environmental pollution, lack of vehicle 
monitoring, limited driver safety features, and high 
implementation costs of modern intelligent vehicle 
technologies.

The mechanical performance of the developed vehicle 
was found to be stable and reliable during testing. 
The fabricated chassis provided sufficient structural 
strength to support all integrated components, while 
the steering and braking systems ensured proper 
vehicle control and operational safety. The chain 
and sprocket transmission mechanism efficiently 
transferred power from the DC motor to the wheels, 
resulting in smooth vehicle movement with minimal 
mechanical losses. The suspension system also 
contributed to vehicle stability by reducing vibration 
during operation.

The electrical subsystem demonstrated efficient power 
management and reliable operation throughout the 
testing process. The lithium battery pack supplied 
stable electrical energy to both the propulsion system 
and electronic modules without significant voltage 
fluctuations. The DC motor operated efficiently 
and produced sufficient torque for smooth vehicle 
movement. In addition, the integration of the 
solar charging subsystem improved overall energy 
efficiency by providing auxiliary charging support 
to the battery pack. The use of renewable energy 
contributes toward sustainable transportation and 
reduces dependency on external charging sources.

One of the major contributions of the proposed 
system is the implementation of the Driver 
Assistance System (DAS). The integration of ADAS 
and DMS cameras enabled continuous monitoring 
of both road conditions and driver behaviour. The 
ADAS camera provided clear road-view footage and 
supported safer driving operation, while the DMS 
camera monitored driver activity and helped identify 
unsafe conditions such as distraction or fatigue. 

The MDVR successfully processed and stored video 
data captured from both cameras, ensuring reliable 
surveillance and monitoring capability.

The GPS tracking subsystem provided accurate real-
time vehicle location monitoring during testing. The 
integration of 4G SIM and WiFi modules enabled 
successful wireless communication and real-time 
data transmission. These communication features 
enhance the practical applicability of the system for 
remote monitoring, fleet management, logistics, and 
public transportation safety applications.

Compared to conventional low-cost electric vehicles, 
the proposed system offers significant advantages by 
integrating monitoring, tracking, communication, 
and alert mechanisms into a single compact 
platform. Most commercially available Advanced 
Driver Assistance Systems are expensive and 
primarily available in high-end vehicles. In contrast, 
the developed prototype demonstrates that essential 
driver assistance and monitoring features can be 
implemented effectively at a much lower cost using 
affordable and easily available components.

Future improvements can focus on integrating 
advanced sensors, artificial intelligence algorithms, 
obstacle detection systems, mobile application 
support, and cloud-based monitoring platforms. 
The vehicle design can also be further optimized to 
improve performance, efficiency, and commercial 
feasibility. With additional development and testing, 
the proposed system has strong potential for large-
scale deployment in applications such as fleet 
monitoring, smart public transportation systems, 
logistics management, and intelligent electric 
mobility solutions.

CONCLUSIONS: 
This paper presented the design and development of 
a low-cost Electric Vehicle integrated with a Driver 
Assistance System and solar charging support.The 
Driver Assistance System demonstrated reliable 
monitoring and surveillance capability. The ADAS 
camera successfully captured road-view footage, 
while the DMS camera effectively monitored driver 
activity and behaviour. The MDVR processed and 
stored video recordings successfully without data loss. 
The GPS module provided accurate real-time location 
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tracking, and the buzzer alert system generated 
warning alerts correctly during unsafe operating 
conditions. The integration of 4G SIM and WiFi 
modules enabled successful wireless communication 
and real-time monitoring functionality.

The integration of renewable energy through solar 
charging support further enhances the sustainability 
and environmental benefits of the system. The 
developed prototype contributes toward reducing 
environmental pollution, improving road safety, and 
promoting energy-efficient transportation solutions.
The project also provides significant educational 
and research value by offering practical exposure 
to electric vehicle systems, embedded electronics, 
IoT-based monitoring, wireless communication 
technologies, renewable energy integration, and 
intelligent transportation systems. The developed 
platform can be used for further research and 
innovation in the areas of smart mobility and 
autonomous vehicle technologies.
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