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Abstract.

As a crucial application of modern technology, smart lighting systems are transforming our interaction with the living
environment. The key lies in utilizing advanced sensor technology to maximize lighting efficiency and conserve energy.
This paper focuses on designing a sensor-based lighting control system that integrates Passive Infrared and light
intensity sensors for the automated management of environmental lighting. Our research has extensively explored the
integrated application of PIR and light-intensity sensors. The design aims to automatically adjust indoor lighting based
on environmental light conditions and the presence or absence of occupants to enhance comfort and energy efficiency.
The sensor fusion algorithm was optimized through a series of experiments to improve detection accuracy and effective
energy utilization. Based on the design analysis, the system can significantly enhance energy savings by reducing
unnecessary lighting without compromising occupant comfort. The system’s design also considers rooms of varying
sizes and layouts, demonstrating good adaptability and versatility. The significance of this research lies in providing
innovative solutions for the smart lighting domain. By enhancing the intelligence and responsiveness of lighting systems
in home and commercial environments, our design offers a more intuitive and energy-efficient lighting experience. It
paves the way for future developments and innovations in lighting systems. This work highlights the immense potential
of sensor-based systems in creating interactive and adaptive environments suitable for diverse settings such as homes,
corridors, and underground garages.
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1. Introduction

The advent of Light Emitting Diode technology signifies
a paradigm shift in the illumination field, heralding the era
of fourth-generation lighting solutions. LEDs stand out
for their high energy efficiency, eco-friendly properties,
long lifespan, and compact size[1]. Particularly, the high
controllability of LEDs renders them an ideal choice for
smart lighting systems. Against the backdrop of a global
drive for energy conservation and reducing environmental
impact, LED technology addresses these challenges and
drives innovation in the lighting industry. LEDs convert
a higher proportion of energy into light while generating
less heat than traditional lighting solutions, making them
a sustainable alternative that significantly reduces the
carbon footprint associated with lighting. Furthermore,
the absence of toxic elements like mercury in LEDs
aligns with the growing global environmental concerns
and regulations. This shift presents an opportunity to
utilize LED technology for smarter, more energy-efficient
lighting solutions that cater to the needs of modern
society.

With the advancement of computer and microelectronic
technologies, significant strides have been made in
lighting control technology. The applicability of LED
technology in automation and intelligent control systems

is particularly prominent. For instance, integrating
photometric sensors and infrared human presence
sensors into LED lighting systems enables the automatic
adjustment of brightness based on ambient light and
human presence. These advancements enhance the
energy efficiency of lighting systems and improve
user experience. Recent research focuses on precisely
integrating these sensing technologies to balance energy
saving and maintaining the comfort and practicality
of lighting. Algorithms under development allow
lighting systems to learn and adapt to user preferences
and patterns, further optimizing energy usage without
compromising user comfort. Research also delves into
the challenges and potential solutions in seamlessly
integrating these technologies, ensuring reliability and
robustness in various environmental conditions.

This study aims to develop an intelligent LED lighting
system that automatically adjusts brightness based on
ambient light intensity and human presence, achieving
more efficient energy use and enhancing user experience.
The system is designed to automatically activate when
ambient light falls below a predetermined threshold, and
human activity is detected and turned off after a set period
of inactivity. Such a smart lighting system responds to
environmental changes and optimizes energy efficiency by
reducing unnecessary power consumption. The research
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will focus on integrating efficient light and motion sensing
technologies and developing reliable control algorithms
to ensure the lighting system is intelligent and energy-
efficient. Comprehensive performance evaluations of
the system will explore its potential and effectiveness in
real-world settings. The study also addresses practical
implementation challenges, including sensor calibration,
system responsiveness, and user interaction.

2. Theory

2.1 BH1750 Illuminance Sensor

The BH1750 is a digital light-intensity sensor that
operates based on a photoreceptive component known
as a photodiode. When light falls onto this photodiode, it
generates a current proportional to the light intensity. This
current is then converted into digital values by the sensor’s
internal Analog-to-Digital Converter. The sensor transmits
these digital values to the connected microcontroller via
the 12C interface, typically encapsulating the measured
data of the ambient light intensity.

In smart lighting systems, the data from the BH1750
sensor is used to adjust the brightness of LED lights
automatically. The system decides whether to adjust the
brightness of the LED lights based on the light intensity
data received from the BH1750 sensor to adapt to the
current ambient light conditions. For instance, the
brightness increases in dim conditions and decreases when
the light is sufficient, thus achieving energy savings and
providing appropriate illumination[2].

2.2 PIR12 Human Infrared Sensor Module

The PIR12 module contains a component known as a
pyroelectric sensor, capable of detecting the infrared
radiation naturally emitted by the human body. As the
human body moves into the sensor’s detection range, the
sensor generates minute currents due to the differential
infrared radiation received. These variations are amplified
by the circuit and converted into digital signals, which are
then relayed to the main controller. The PIR12 module is
used in smart lighting systems to detect whether someone
is in the room[3]. The system receives a signal upon
detecting human infrared radiation, triggering the LED
lights to turn on. If no movement is detected for a period,
indicating the absence of people in the room, the system
may turn off the lights to save energy.

2.3 ESP8266 Microcontroller

The ESP8266 microcontroller boasts substantial
processing power and supports wifi communication,
capable of processing and storing data from various
sensors and controlling the PWM signal to adjust the
brightness of the connected LED lights. Programmable

for network communication, the ESP8266 supports Over-
The-Air updates, providing remote control capabilities
for smart lighting systems. The ESP8266 plays the role
of a central processor in the system, coordinating the
various sensor modules and adjusting the PWM signal
based on sensor inputs to control the brightness of the
LEDs. Firmware can be written to translate light intensity
and human detection data into appropriate output signals,
dynamically adjusting the lighting[4].

2.4 LM3414 LED Driver Module

The LM3414 is a high-efficiency constant-current LED
driver designed to provide a steady current output to drive
LEDs. It features an in-built current regulation function,
allowing the system to control the brightness of LEDs
precisely by altering the PWM signal’s duty cycle[5].

2.5 System Collaboration and Integration

The collaboration of these components allows the smart
lighting system to respond to natural light changes and
activity within the room and receive remote commands
from users via the network interface. This integration
offers the potential for optimizing energy efficiency and
enhancing user comfort.

Smart lighting systems can be applied in homes, offices,
or public spaces, providing lighting in an automated
manner. As users enter a room, the system automatically
turns on the lights and adjusts the brightness based on
ambient light; when users leave, the system turns off the
lights to save electricity.

3. Method
3.1 Main Program Design

3.1.1 Program Framework

The main program, as the heart of the system’s software,
includes several principal modules: the BH1750
illumination sensor module, the PIR12 human infrared
sensor module, the PWM control module within the
ESP8266 microcontroller, and communication with the
LM3414 LED driver module.

3.1.2 Workflow Process

Upon system startup, initialization settings are conducted.
These include configuring the time, sensors, and
communication interfaces. The ESP8266 microcontroller
periodically retrieves data from the BH1750 and PIR12
modules, converting this into appropriate control signals.
When it is detected that the environmental light is below a
predetermined threshold and human presence is observed,
the duty cycle of the PWM signal is gradually increased to
turn on the LED lights. Once the lights are on, the system
enters a loop with a 10-second interval to check whether
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there is a continued need for the lights to remain on. This
involves reassessing the ambient light levels and human
presence. If the conditions no longer necessitate lighting,
the system will reduce the duty cycle of the PWM signal,
effectively dimming or turning off the LED lights. For
specific details, please refer to Figure 1.
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Fig.1 Workflow of the Lighting Control
System

This process ensures that the lighting system is responsive
to the immediate environment, optimizing energy usage
while providing adequate illumination. Integrating sensor
feedback and controlled lighting adjustments allows for
an intelligent, energy-efficient lighting solution[6].

3.2 llluminance Sensing Module
3.2.1 Illuminance Data Collection

Utilizing the BH1750 sensor, we can continuously
monitor the ambient light intensity. This sensor connects
to the ESP8266 microcontroller via the 12C interface,
providing real-time data on light intensity. It determines
the illuminance by measuring the quantized photon count
of the ambient light, converting the analog signal into a
digital one, thereby reflecting the level of environmental
brightness.

To ensure accurate data collection, the BH1750 sensor
should be installed in a location that avoids direct and
reflected light sources. Additionally, the angle of the
sensor should be adjusted to comprehensively capture
the room’s diffused light, which is crucial for accurately
measuring the overall environmental light levels.

3.2.2 Data Processing

Upon receiving illuminance data from the BH1750 sensor,
the ESP8266 first executes an averaging algorithm. This
algorithm calculates the average light intensity over a
specific time window, computing an average every 10
seconds. This method smooths out short-term fluctuations
in illumination, ensuring a more stable and reliable
response to environmental light. Based on the calculated
average illuminance, the system automatically adjusts the
brightness of the LED lights. If the average light intensity
falls below a set threshold, the ESP8266 will increase the
duty cycle of the PWM signal to raise the brightness of
the LED lights and vice versa. This dynamic adjustment
ensures appropriate and comfortable lighting is provided
under varying environmental conditions.

3.3 Infrared Signal Detection
3.3.1 Detection Principle

The PIR12 module is specifically designed for detecting
infrared radiation emitted by the human body. It contains
a pyroelectric sensor capable of sensing the infrared
radiation produced by human body temperature. When
a person moves within the sensor’s detection range,
the sensor captures the infrared radiation generated by
temperature changes, resulting in minor electrical current
variations inside the module.

3.3.2 Signal Conversion and Transmission

These minute current changes are amplified by the built-in
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circuitry and converted into digital signals. These digital
signals are transmitted to the ESP8266 microcontroller
via a wired connection. Upon receiving these signals, the
ESP8266 can determine if there is human activity in the
room.

3.3.3 Logic Control

When the PIR12 module detects human infrared radiation,
the ESP8266 controls the switching on of the LED lights
based on the received signals. If the sensor does not detect
infrared radiation for a certain period, indicating the
absence of people in the room, the ESP8266 will issue a
command to turn off the LED lights. The system is set to
turn off the LED lights if no infrared signals are detected
within 10 seconds. If the sensor continuously fails to
detect human infrared radiation for 10 seconds, the system
assumes no one is in the room and instructs the ESP8266
to turn off the lights. The system can employ algorithms to
identify and filter out brief or non-human-caused infrared
variations to reduce false activations. This ensures that the
lights are only switched on or maintained when detecting
human activity.

3.4 LED Drive and Control
3.4.1 PWM Signal Generation

The ESP8266 microcontroller can generate Pulse Width
Modulation signals, which control the output of the
LM3414 LED driver module. This process does not
involve adjusting brightness levels but simply controls
the on and off states of the LED lights. Based on the data
received from the illuminance sensor module and the
human infrared sensor module, the ESP8266 turns the
PWM signal on or off. When illumination is required, the
ESP8266 sets the duty cycle of the PWM signal to 100%
to light the LED at full brightness; conversely, when
lighting is not required, the duty cycle is set to 0% to turn
off the LED light.

3.4.2 LED Brightness Adjustment

In this system, the LED lights have only one fixed
brightness level. The LM3414 LED driver module
responds to the PWM signal from the ESP8266 to light
the LEDs at a singular brightness level. As the brightness
of the LED lights does not change in this system design,
the LM3414 continually provides a stable current,
ensuring that the LED lights illuminate with constant and
consistent brightness. This design simplifies the control
logic, making the system easier to manage and maintain
while ensuring uniformity and consistency in lighting[7].

4. Results and Discussion
The smart lighting system is expected to rapidly respond

to environmental changes and accurately detect human
presence and light threshold levels. It is designed to turn
off lights when no presence is detected and to light up
when someone approaches. The system is anticipated to
significantly reduce unnecessary energy consumption
through intelligent control. Its automatic lighting
adjustment feature is aimed at lowering light usage when
no one is present or when there is sufficient natural light,
contributing to energy savings. In windowless corridors,
for instance, it could save up to 90% of electricity.
The system suits various environments, including
homes, offices, hallways, and underground garages. In
each scenario, it can adjust its performance based on
specific needs by altering the placement of infrared and
light intensity sensors to meet different environmental
requirements. The system could offer an intuitive and
user-friendly interface, enabling users to easily interact
and personalize settings. Effectively integrating sensors
and processing large volumes of data will be a major
challenge in implementing the system. Exploring efficient
data fusion and real-time processing algorithms will be
crucial. Future work will focus on enhancing the system’s
reliability, accuracy, and user-friendliness. This may
involve optimizing algorithms, upgrading hardware, and
improving the user interface.

5. Conclusion

This study has developed an intelligent LED lighting
system capable of autonomously adjusting its brightness
based on environmental light intensity and human
presence, achieving more efficient energy use and
enhancing user experience. The system is designed to
automatically activate when ambient light falls below a
predetermined threshold, and human activity is detected
and shut down after a set period of inactivity. Such smart
lighting systems respond to environmental changes and
optimize energy efficiency by reducing unnecessary power
consumption. The research will focus on integrating
efficient light and motion sensing technologies and
developing reliable control algorithms to ensure that
lighting systems are both intelligent and energy efficient.
A comprehensive performance evaluation of the system
will explore its potential and effectiveness in real-world
Settings.
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