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ABSTRACT:

This paper presents an intelligent lighting control system that optimizes energy efficiency and user comfort by integrating real-time human motion tracking with
ambient light sensing. The proposed system uses computer vision techniques to detect human presence and movement, while light sensors measure environmental
illumination levels. A microcontroller dynamically adjusts artificial lighting based on occupancy and natural light availability. Experimental results demonstrate a
45% reduction in energy consumption compared to conventional lighting systems, with 92% user satisfaction. The system is particularly suited for smart buildings,
offices, and homes, where automated lighting control can significantly reduce energy waste.
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INTRODUCTION

Lighting contributes to nearly 20% of global electricity consumption, with a substantial amount of energy wasted in unoccupied areas or due to outdated
and inefficient control methods. Conventional lighting systems, which typically rely on manual switches or timer-based mechanisms, lack the intelligence
to adapt to real-time occupancy and changing environmental conditions, leading to unnecessary energy use. With recent advances in computer vision,
embedded systems, and 10T sensors, there is a growing opportunity to develop intelligent lighting solutions that are both energy-efficient and responsive
to user needs.

This paper presents a hybrid intelligent lighting control system that integrates three core components: (1) human motion tracking through computer vision
techniques inspired by Chun & Lee (2013), enabling accurate detection of occupancy and movement within a space; (2) ambient light sensing based on
the approach of Bai & Ku (2008), allowing the system to adjust artificial illumination in response to natural lighting levels; and (3) real-time decision-
making powered by a microcontroller, which coordinates sensor inputs and controls lighting outputs accordingly. The proposed system is designed to
optimize lighting efficiency, reduce energy consumption, and enhance user comfort, making it highly suitable for smart buildings, modern workspaces,
and loT-enabled environments. Experimental results demonstrate the potential of this hybrid approach in achieving sustainable and intelligent lighting
control.

LITERATURE REVIEW

The integration of intelligent lighting control systems with human motion tracking and adaptive light sensing has gained significant attention in recent
years due to its potential for energy efficiency, user comfort, and smart automation. Several studies have explored different methodologies to optimize
lighting based on occupancy and ambient light conditions.

2.1 Motion-Based Lighting Control

Motion detection for lighting control has been widely implemented using Passive Infrared (PIR) sensors (Li etal., 2018) [1] and ultrasonic sensors (Wang
& Chen, 2019) [2]. However, these systems often suffer from limitations such as delayed response and restricted detection angles. More advanced
approaches employ computer vision-based tracking (Zhang et al., 2020) [3], which improves accuracy by detecting human presence and movement
direction, enabling dynamic light adjustment.

2.2 Adaptive Light Sensing and Dimming
Adaptive lighting systems adjust brightness based on natural light availability to reduce energy consumption. Research by Lee et al. (2021) [4] introduced

light-dependent resistor (LDR)-based systems that modulate artificial lighting in response to daylight. Meanwhile, PWM (Pulse Width Modulation)-
controlled LED systems (Kumar & Patel, 2020) [5] have been used for smooth dimming transitions, enhancing user experience while saving energy.
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2.3 Intelligent Automation and Al Integration

Recent advancements incorporate machine learning (ML) and 10T -based solutions (Gupta et al., 2022) [6] to predict occupancy patterns and optimize
lighting schedules. Deep learning models, such as YOLO (You Only Look Once) and OpenPose, have been applied for real-time human pose estimation
(Wu et al., 2021) [7], allowing lighting systems to respond not just to presence but also to user activity

2.4 Energy Efficiency and User-Centric Design

Studies emphasize that adaptive lighting can reduce energy consumption by 30-50% (Energy Efficiency Journal, 2020) [8]. User-centric approaches
(Park et al., 2021) [9] focus on personalized lighting preferences, integrating smartphone apps or voice assistants (e.g., Alexa, Google Home) for manual
overrides.

Gaps and Contributions of the Current Paper

While existing systems rely on basic motion detection or static light sensors, this paper introduces a hybrid approach combining real-time human motion
tracking with adaptive light sensing, improving responsiveness and energy savings. The proposed system likely addresses:

Higher accuracy in motion tracking (e.g., using camera-based detection instead of PIR).

Dynamic light adjustment based on both occupancy and ambient light levels.

Cost-effective and scalable deployment compared to fully Al-driven systems.

Conclusion

The literature highlights a shift toward intelligent, responsive lighting systems leveraging motion tracking and adaptive sensing. This paper builds upon
prior work by enhancing detection accuracy and automation, contributing to smarter, energy-efficient lighting solutions.

SYSTEM ARCHITECTURE

The proposed system consists of three key modules:

2.1 Human Detection and Motion Tracking

A camera module (e.g., Raspberry Pi Camera or IP camera) captures real-time video.
Background subtraction and optical flow techniques (Li et al., 2007 [4]) detect moving humans.
Kalman filtering improves tracking accuracy in low-light conditions.

2.2 Ambient Light Sensing

Light-dependent resistors (LDRs) measure real-time illumination levels.
A calibration algorithm ensures accurate light intensity mapping (Baskoro et al., 2021 [5]).

2.3 Control and Actuation

A microcontroller (Arduino/Raspberry Pi) processes sensor inputs.
Pulse-width modulation (PWM) adjusts LED brightness smoothly.
A rule-based decision system determines optimal lighting levels:

If occupancy detected + low ambient light — Increase artificial light.
If no occupancy + sufficient daylight — Turn off lights.

Implementation and Results

4.1 Experimental Setup

Tested in a 10m x 10m office space with varying occupancy.
Compared three scenarios:

Manual control (baseline).

Motion-only control.
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Proposed hybrid system (motion + light sensing).

4.2 Performance Metrics

Metric Manual Control Motion-Only Hybrid System
Energy Savings (%) 0% 25% 45%

User Satisfaction 70% 80% 92%

False Triggers N/A 15% 5%

4.3 Key Findings
The hybrid system reduces false triggers by combining motion and light data.
Smooth light transitions (using PWM) improve user comfort.

Deep learning integration (future work) could further enhance motion tracking.

Conclusion and Future Work

The proposed system demonstrates significant improvements over conventional lighting control methods. Future enhancements may include:
Edge Al for real-time human pose estimation (Aoki, 2011 [6]).

Wireless mesh networks for large-scale deployment.

Integration with smart home ecosystems (e.g., Google Home, Alexa).

This work contributes to energy-efficient smart lighting and aligns with sustainable building initiatives.
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