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Introduction

In modern cities, an efficient and sustainable urban infrastructure is really needed especially in
energy consumption and environmental impact which are the major concerns. Street lighting
is one of the important components in urban infrastructure. It plays a crucial role in ensuring
public safety and enhancing the aesthetic appeal of urban areas. However, the conventional
street lighting system are often inefficient, operating at full brightness regardless of actual
lighting needs. This will result in significant energy waste and contributes to environmental
issues such as light pollution and increased carbon emissions.

Urban roadways require effective lighting systems to ensure the safety and visibility drivers
and pedestrians, especially during nighttime or low-light conditions. Since the conventional
street lighting are lack of capability to adjust their brightness based on real time conditions,
leading to unnecessary energy consumption during periods of low traffic. Furthermore,
continuous high-intensity lighting contributes to light pollution, which disrupts natural
ecosystems, affects human health, and obscures the night sky.

By addressing these issues, there is a growing interest in making a intelligent lighting systems
that can adjust their operation based on environmental and situational. A sensor technology
and by using renewable energy sources present new opportunities for creating a system than
enhance energy efficiency, reduce operational costs, and reduce environmental impact. This
project, the Auto Motion Solar Energy Powered Road Lighting System aims to harness these
technological advancements to create a smart and eco-friendly lighting system. By ensuring
visibility only, when necessary, the system will not only enhance road safety but also contribute
to environmental sustainability. It will also offer a cost-effective and scalable alternative that
can be implemented in urban areas.

Literature Review

Most of the studies carried out related to smart street lighting systems revolve around the
efficient use of energy, the reliability of a system, and how a smart control mechanism can
preserve the environment. Conventional street lighting systems operate at full brightness and
result in high costs and energy consumption. To overcome this problem, various solutions
related to lighting have been proposed by regulating real-time traffic conditions and ambient
light intensity.

This study proposes an intelligent solar-powered road lighting system that integrates motion

detection, ambient light sensing, adaptive LED brightness control, and real-time monitoring
within a single embedded platform.
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In this system, each streetlight works independently. Digital dimming techniques are used to
reduce energy consumption when traffic flow is low. The use of LED technology can also
increase efficiency with low energy consumption and a longer lifespan.

Microcontrollers like Arduino are widely used because of their low cost, flexibility, and ease
of integration. The use of light-dependent resistors (LDRs) is for ambient light detection while
passive infrared (PIR) or infrared (IR) sensors are for motion and vehicle detection. Energy
consumption savings can be achieved when streetlights are activated only under low-light
conditions and in the presence of motion.

Overall, by integrating LED technology, intelligent sensing, decentralized control, and
adaptive power management in a smart street lighting system, it can provide solutions to energy
and environmental issues.

Methodology
A. Introduction

This chapter describes the methodology for designing and implementing the Auto Motion Solar
Powered Road Lighting System project. A systematic approach has been implemented
including designing the system, hardware selection, integrating sensors, microcontroller
programming in addition to functional validation. This methodology has integrated movement
with ambient light sensing with LED-based illumination powered by a solar energy system to
achieve energy efficiency and environmental sustainability for street lighting solutions.

This prototype was developed using an ESP32 microcontroller and integrated with a PIR
motion sensor, an LDR sensor, photovoltaic panels, batteries, and LED lighting modules. The
system's performance is evaluated based on simulated traffic conditions during the day and
night.

B. System Block Diagram

This block diagram shows the architecture function of the Auto Motion Solar Powered Road
Lighting System. This system is designed to control the brightness of streetlights based on
vehicle movement and ambient light intensity, with solar energy acting as the main energy
source.

To ensure continuous operation of the system, a photovoltaic panel supplies renewable energy
and charges a rechargeable battery has been used. The function of the light sensor is to measure
ambient illumination levels while a PIR motion sensor acts to detect the presence of vehicle
movement. These sensor signals are processed by the Arduino microcontroller which acts as a
central control unit. The microcontroller controls the brightness of the LED lamp through a
lamp control unit based on the processed data.

A passive buzzer is activated upon motion detection to provide an audible alert, and an LCD
module displays real-time system information such as ambient light levels, motion detection
count, and lamp status. The LED lamps serve as the primary output, providing adaptive
illumination to improve road safety and energy efficiency.
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A passive buzzer is activated when movement is detected to provide an audible alert, while an
LCD module displays real-time system information such as ambient light levels, motion
detection count, and lamp status. The LED lamps act as the primary output for providing
adaptive illumination.

C. System Flow Description

This flowchart starts with the absorption of solar light. The energy produced from the absorption
of solar light is stored in the battery. When the ambient light reaches a low level, the lights will dim
to 50% brightness. While when the ambient light does not reach a low level, this system will not
start.

Next, when a car is detected, the lights will dim to 100% brightness for up to 5 seconds. The buzzer
is activated and this process is complete. While when the car is not detected, the system will return
to 50% brightness of the dim lights.

D. Schematic Design

The schematic implementation of the system is divided into two main sections. The first section
illustrates schematic diagram of Auto Motion Solar Powered Road Lighting System. The
second section shows schematic diagram for Auto Motion Solar Powered Road Lighting
System in Hardware Implementation.

In the schematic diagram, all components can be found such as LCD module, PIR motion
sensor, and ambient light sensor with the Arduino. The PIR sensor provides motion detection
signals, while the light sensor supplies ambient illumination data. The LCD module displays
real-time operational information. These inputs enable the microcontroller to dynamically
control the lighting system based on environmental and traffic conditions.
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Figure 3.1 Block Diagram of the Auto Motion Solar Powered Road Lighting System
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Figure 3.2 Flowchart for Auto Motion Solar Powered Road Lighting System
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Figure 3.3 Schematic Diagram of Auto Motion Solar Powered Road Lighting System
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Figure 3.4 Schematic Diagram for Auto Motion Solar Powered Road Lighting System
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Figure 3.5 Schematic Diagram for Auto Motion Solar Powered Road Lighting System in
Hardware Implementation

Results
Software Simulation

Software simulation is done to see the results produced by solar energy, ambient light, and
motion detection.

Solar Monitoring
LED indicators are used to see the solar efficiency. 100% absorption will light 2 LEDs, 50%
absorption will light 1 LED, while when there is no absorption at all, which is 0%, the LED
will not light. This shows that the reduction in electricity consumption can be done when the
absorption rate is adjusted. In this way, it can be a simple method to optimize renewable energy
usage.

Ambient Light Monitoring

The light sensor signal found on the Arduino will activate the LED when the ambient light is
low, to ensure sufficient lighting at night. When the ambient light is high, the LED will turn
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off, and the LCD display will display the lighting status of the lamp, so it can save energy
during the day.

Motion Detection Monitoring

When there is no movement, the LED will operate at 50% brightness (10.2 mA). When there
is movement, the LED brightness will continue to increase to 100%. This will be displayed on
the LCD. This proves that dynamic lighting can be controlled, while also improving road safety
and reducing energy consumption.

Liaht: &73
Detectid LED:OFF

Figure 4.1 Simulation Result for Condition 1 Of Solar Monitoring

106



International Journal of
Innovation and Industrial Revolution IJIREV

EISSN: 2637-0972

Volume 8 Issue 26 (September 2026) PP. 97-114

Light: &
Detectid LED:OH

Figure 4.2 Simulation Result for Condition 2 Of Solar Monitoring
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Figure 4.3 Simulation Result For Condition 3 Of Solar Monitoring
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Ambient Light Monitoring

Figure 4.4 Simulation Result for Condition 1 of Ambient Light Monitoring
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Figure 4.5 Simulation Result for Condition 2 of Ambient Light Monitoring
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Figure 4.6 Simulation Result for Condition 1 of Motion Detection Monitoring
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Figure 4.7 Simulation Result for Condition 2 of Motion Detection Monitoring
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Figure 4.8 Simulation Result for Condition 3 of Motion Detection Monitoring

Proteus is used to design PCBs by integrating circuit simulation and PCB layout. Work begins
with designing and simulating the circuit to ensure that the connections work properly. Once
validated, the design is converted into a PCB layout. Proteus can also efficiently place
components, transforming the shape from a virtual circuit to a physical board.
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Figure 4.9 The Final Design of PCB Board using Proteus

Conclusion

The Auto Motion Solar Powered Road Lighting System is a solution to improve energy
efficiency, road safety, and sustainability in street lighting systems. By integrating light and
motion sensors with solar powered LEDs, the system will adapt based on current traffic and
light conditions. Simulation results show that the LEDs operate by reducing brightness during
periods of low traffic and increasing brightness when there is movement, ensuring optimal
lighting while conserving energy. Real-time feedback is provided via an LCD display,
monitoring and maintenance facilities. This approach can reduce energy consumption,
operational costs, and offer a more environmentally friendly street lighting system.
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