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Abstract: As we are moving towards advanced computer science,
especially Artificial Intelligence, we expect that old techniques will
be enhanced with some smart new ideas. A streetlight which we see
daily, in which we have to switch on and off the lights manually. In
today’s time, it is improved as automatic streetlights that are
automatically switched on when it becomes dark and off when the
daylight is sensed. But we proposed a new type of street light system.
Suppose we are walking on a street at night, and all the lights are
off. But as soon as we start walking, the light in front of us will glow
at full brightness, and after we cross it, it will dim and turn off. We
are using IoT in this system so that the data can be monitored and
updated in the cloud. This type of system is useful in energy saving
and cost-cutting the electricity bill.

Keywords— Internet of Things (IoT), Smart Street Light, Energy
Saving, Sensor, Automation

I. INTRODUCTION

The IoT-based smart street light system is an advanced
lighting system that can be controlled using sensors, automation,
and communication technologies [1]. The system is designed to
optimize the usage of electricity and reduce energy consumption
[2]. The lights can be programmed to automatically switch on and
off based on ambient light levels or the presence of people or
vehicles. In developing countries like India, streetlights are an
essential part of public infrastructure and are critical for the
economic and social development of the country. However,
traditional streetlights consume a lot of electricity and require
regular maintenance. The smart street light system, on the other
hand, can be remotely monitored and controlled using a central
management system. This system can help reduce energy
consumption, maintenance costs, and carbon emissions.

The implementation of this system reflects a practical, cost-
effective solution that addresses the energy challenges and safety
concerns commonly faced in Indian urban and rural areas. By
adapting to real-time movement, whether vehicular or
pedestrian—the system offers both sustainability and reliability.

A. System Overview and Relevance

1) Importance in the Indian Context: In a developing country
like India, where electricity wastage and infrastructure
maintenance pose significant challenges, implementing a smart
street lighting solution is not only innovative but essential.
Traditional street lights are kept ON throughout the night,
leading to high energy bills and unnecessary power consumption
[3].

With increasing foot traffic, especially during night hours in both
rural and urban zonmes, it is vital that the lighting system
addresses both vehicle and pedestrian safety. This system allows
for:

Real-time response to human presence

Dynamic intensity adjustment
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Sequential lighting to guide pedestrians safely along paths
Fig. 1 Showing the working of Smart Street Light System with
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2) Energy Efficiency Equation: The energy savings potential
of the system can be modeled as:

Es=FEt—FEa
Where:

Es = Energy Saved

Et = Total energy consumption by traditional system

Ea = Actual energy consumed by smart system
This equation demonstrates the basic concept behind the
reduction in power consumption achieved by the loT-based
design.

3) Cloud-Based Monitoring and Control: This system is
integrated with ThingSpeak Cloud, allowing for real-time data
collection, visualization, and analysis. Municipal authorities can
remotely:

Track power usage

Monitor light performance

Receive fault alerts

Optimize maintenance schedules
This not only enhances operational efficiency, but also aligns
with India’s Smart City Mission, where sustainable and
intelligent infrastructure is a top priority.

B. Working Methodology and Implementation

1) Functional Workflow in Indian Context: In the Indian
urban and rural landscape, streets are not only used by vehicles
but also heavily by pedestrians, cyclists, and stray animals.
Therefore, this smart street light system is designed to detect
both vehicular and human movement, enhancing safety for all
road users, especially in low-light and remote areas.

a) Adaptive Lighting Based on Human Detection

When motion is detected—either by a vehicle or a person—

the corresponding street light turns ON at full brightness.

This ensures clear visibility and a safer walking environment

for pedestrians.

b) Chain-Triggered Lighting Mechanism
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To further assist individuals moving along the street, the
system preemptively turns ON the next street light in the
direction of movement [4]. This creates a chain lighting
effect—a series of lights turning ON one after another [5],
giving pedestrians continuous illumination as they walk,
without leaving any dark spots between lamp posts.

This behavior not only enhances security, especially for women

and children during night hours, but also preserves energy by

keeping only necessary lights ON.

2) Implementation Overview: The smart lighting system was
implemented following these steps:

e Interfacing NodeMCU with LDR and IR sensor to
detect both light and motion.

e Coding logic for full intensity glow and chain activation

of lights.

o Connecting the setup with Wi-Fi for cloud
communication.

o  Deploying data to ThingSpeak for monitoring and
analysis.

o Testing under real-world conditions: human walking,
cycling, and vehicles.

apcudE

Fig. 2 lllustrates a typical implementation model on a

Breadboard.

3) Algorithm and Logic Flow: The logic embedded in the
microcontroller (NodeMCU) ensures real-time decision-making
based on sensor input:

If (ambient light < threshold):
If (IR sensor detects motion).:
Turn ON current light at full intensity
Signal next streetlight to turn ON
Else:
Turn OFF light after X seconds
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Else:
Keep light OFF (daytime)

This implementation requires each street light module to either
be:
. Interconnected via Wi-Fi, or
*  Independently detect motion in its
continue the chain

zone to

II. METERIALS AND METHOD
1. ESP8266 NodeMCU

The ESP8266 NodeMCU is an open-source loT development
board built around the ESP8266 Wi-Fi module [6]. It features a
32-bit microcontroller running at 80 MHz, equipped with 512 KB
of flash memory and 4 MB of RAM. Its built-in Wi-Fi capability
allows seamless connection to wireless networks and internet-
based services. The board includes a micro-USB port for power
supply and programming, making it highly suitable for rapid
prototyping using platforms like the Arduino IDE. It also
provides access to GPIO (General Purpose Input/Output) pins via
its expansion headers, allowing easy interfacing with various
sensors and actuators. The ESP8266 NodeMCU is a compact,
affordable, and versatile solution ideal for developing Internet of
Things (IoT) applications.
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Fig. 3 Showing Microcontroller NodeMCU Esp8266

2. IR Sensor (Infrared Sensor)

An IR Sensor is an electronic device used to detect objects
by emitting and receiving infrared radiation. It comprises two
primary components: an IR LED (transmitter) and a photodiode
(receiver). The transmitter emits infrared light, and when this
light reflects off an object, the receiver detects it. The amount of
reflected light determines the voltage generated across the
photodiode's terminals. IR radiation typically ranges from 700 nm
to 1 mm in wavelength. In appearance, the transmitter LED is
usually transparent, while the receiver LED has a darker (black)
tint. IR sensors are commonly used for object detection,
proximity sensing, and obstacle avoidance.
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Fig. 4 Showing the IR Sensor

3. LDR Sensor (Light Dependent Resistor)

An LDR (Light Dependent Resistor), also known as a
photoresistor, is a component whose resistance varies based on
the intensity of light incident on it. It is made from a high-
resistance semiconductor material. In the presence of light, the
LDR's resistance decreases as photons energize electrons into the
conduction band, making it more conductive. In darkness, its
resistance increases significantly. This behaviour makes LDRs
ideal for applications like automatic street lighting, alarm
systems, and display brightness control. The output from an LDR
can be used to trigger other components depending on ambient
light levels.

Fig. 5 Showing the LDR Sensor

4. ThingSpeak

ThingSpeak is a cloud-based IoT analytics platform that
allows users to aggregate, visualize, and analyse live data from
sensors and devices over the internet. It supports communication
via the HTTP protocol and provides tools for real-time
monitoring and historical data storage. In IoT applications,
ThingSpeak is often used for remote data logging, system
performance tracking, and triggering actions based on sensor
inputs. With features like MATLAB integration, ThingSpeak
enables advanced analytics, data visualization, and decision-
making capabilities for connected systems.

-

DATA AGGREGATION
AND ANALYTICS

CIThingSpeak
MATLAB

SMARY CONNECTED DEVICES

ALGORITHM DEVELOPMENT
SENSOR ANALYTICS

Fig. 6 Showing the ThingSpeak Platform

III. SURVEY AND STUDY AREA

This project proposes a modern and improved street lighting
system that replaces traditional manual operations with
automated strategies. The key goal is to automate streetlights,
so they do not require manual switching, using sensors to
detect daylight and objects, thus saving energy and reducing
maintenance costs.
The system integrates two main sensors:
e An LDR (Light Dependent Resistor) to detect
ambient light levels (day/night) [7].
e An IR (Infrared) Sensor to detect the presence of
pedestrians and vehicles on the road.
Numerous models have been proposed for advanced street
lighting systems. A review of these models helps develop a more
suitable and context-aware solution for Indian environments.

1. Model Based on Automatic ON at Night and OFF at Day
This basic model uses an LDR sensor to detect ambient light
intensity. When the light level drops below a certain threshold
(indicating nighttime), the streetlights turn ON automatically.
Conversely, during the day when light intensity is high, the lights
remain OFF.

2. Model Based on Nighttime Activation and Vehicle
Detection
This model combines:

e LDR sensor for detecting night/day based on light

intensity.

e IR sensor or PIR sensor for object or motion detection.
The lights turn ON only at night when a vehicle or object is
detected, remaining OFF otherwise.

Drawback in Indian Context: This model, while efficient,
poses safety concerns on Indian roads, which are often shared by
animals, cyclists, and pedestrians. A delay in light activation
may lead to accidents, especially in areas without consistent
vehicle flow. Moreover, headlights may not offer sufficient
visibility in all weather conditions, reducing reliability.

3. Model with Light Intensity Control Based on Detection
This more advanced model adjusts light intensity using
programmed logic. When a vehicle is detected at night:
e The streetlight switches to full intensity.
e In the absence of detection, it glows at low intensity to
maintain basic visibility.
This provides a balance between energy efficiency and safety.

4. Model with Timed Full Intensity Upon Detection
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An improvement over the previous model, this approach keeps
streetlights glowing at normal brightness at night. When a
vehicle or person is detected:
e The light increases to full intensity for a set duration,
e  Then returns to normal brightness.
This ensures safety for both vehicles and pedestrians, especially
in poorly lit or high-traffic areas.

IV. WORKING AND CIRCUIT DIAGRAM

This project is all about making streetlights smart and
automatic, so they don’t need to be switched on or off by hand.

NodeMCU Esp&266

Fig. 7 Showing the Circuit Diagram

We use a small computer called NodeMCU along with two main

sensors:
e LDR (Light Dependent Resistor) — checks if it’s day

or night.
e IR Sensor (Infrared Sensor) — detects people,

animals, or vehicles passing by.
Let’s look at how each part is connected and what it does:
1. Connecting the IR Sensors
e The IR sensor can tell when something (like a person
or car) passes by.
e We connect the sensor's output to pin DO on the

NodeMCU.

e  Make sure the sensor gets proper power (usually 3.3V
or 5V).

e When it senses movement, it sends a signal to the
NodeMCU.

2. Connecting the LEDs (Streetlights)
o FEach IR sensor is linked to an LED that acts like a mini
streetlight.
e The long leg (positive) of the LED is connected to D6
on the NodeMCU.
e The short leg (negative) is connected through a small
resistor (to limit current) and then to ground.

e The brightness of the LED can be changed using
something called PWM (Pulse Width Modulation) [8].

3. Connecting the LDR Sensor
e  The LDR checks how bright the surroundings are.
e  One side of the LDR goes to the A0 (analogue) pin on
the NodeMCU.
e  The other side connects to 3.3V power.
e A 10k resistor is also used between A0 and ground to
help it give proper light readings.

4. Powering Everything
e The NodeMCU gets power through a USB cable —
either from your computer or a USB adapter.
e This powers all the sensors and LEDs too.

5. Wi-Fi Setup
e The NodeMCU has Wi-Fi built in, so it can send data
to the internet.
e In your code, just replace the placeholder Wi-Fi name
and password.

V. RESULT

1. Daytime Condition: When the LDR detects enough
daylight, the system considers it daytime. In this case, even

2. Nighttime - No Movement Detected: When the day ends

and night begins, the light automatically turns on at low
intensity. It stays at this dim brightness as long as no object
is detected by the IR sensor.

Fig. 9 Showing the working model for nighttime conditions (no
movement detected)

© 2025,IJSREM | www.ijsrem.com

DOI: 10.55041/IJSREM50208 |

Page 4


http://www.ijsrem.com/

VOLUME: 09 ISSUE: 06 | JUNE - 2025

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH IN ENGINEERING AND MANAGEMENT (IJSREM)

SJIF RATING: 8.586 ISSN: 2582-3930

3. Nighttime - Movement Detected: If a vehicle or person is
detected by the IR sensor during the night, the light
automatically switches to full brightness.
It stays at full intensity for 5 seconds. This duration ensures
that:

e Vehicles, which pass quickly, have enough light.
e People, who walk slower, can also pass safely under the
light without facing any visibility issues.

Fig. 7 Showing the working model for nighttime conditions
(movement detected)

CONCLUSION

This project successfully demonstrates an IoT-based smart
street light system that dynamically adjusts lighting based on
real-time movement detection, achieving 40%  energy
savings compared to traditional always-on systems [9]. By
integrating LDR and IR sensors with NodeMCU and
ThingSpeak, the system ensures optimal illumination for
pedestrians and vehicles while minimizing power consumption.
Key Contributions

1. Energy Efficiency: The adaptive lighting algorithm
reduces unnecessary electricity usage, addressing
India’s infrastructure challenges.

2. Safety Enhancement: Chain-triggered lighting
provides continuous visibility, improving nighttime
safety in urban/rural areas.

3. Scalability: Cloud-based monitoring via ThingSpeak
enables remote management and maintenance
optimization.

Future Work

To further enhance the system, machine learning
algorithms could be deployed to predict traffic patterns and
adjust lighting pre-emptively [10]. Additional sensors (e.g.,
cameras or sound detectors) could also be integrated for
improved accuracy in diverse environments.
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