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Abstract:

Surveillance systems camera play an important role in all modern security applications. However,
conventional CCTV cameras lack this automation and require human intervention for continuous
monitoring. This paper proposed a Smart CCTV Illumination System that incorporates motion detection,
automated lighting, and continuous video recording. This built system is based on a Raspberry Pi 4 Model
B, a USB camera, and a 5V relay module with an optocoupler so that lighting is controlled based on real-
time motion detection. Application of OpenCV image processing techniques like frame differencing and
contour detection help avoid the use of traditional PIR sensors for motion detection. The system turns on
the light automatically upon detection of motion and improves video clarity. It begins recording footage
for enhanced surveillance. The light stays on for a predefined period of time and is turned off in case no
more movement is detected. The recorded footage is saved locally for security review, and an optional
web interface allows for remote monitoring and control of the system. Comparing this approach with the
existing systems, one can find much higher accuracy, reduced false alarms, improved low-light
surveillance, and system stability using optocoupler-based electrical isolation. This proposed system offers
a cost-effective, reliable approach for home, office, and industrial security applications.

Keywords — Smart CCTV, Motion Detection, Raspberry Pi, OpenCYV, Video Surveillance,
Automated Lighting, Security System, Optocoupler Relay.
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Illumination System combining motion detection,
automatic lighting, and continuous video recording
to improve surveillance abilities. In this system
proposed by this paper, a Raspberry Pi 4 Model B is
used, USB camera, and a 5V relay module with an
optocoupler to form a responsive and an intelligent

I. INTRODUCTION

Security and surveillance systems are the
important part of contemporary society because
they offer protection in residential, business, and
industrial environments. The conventional CCTV-

based systems are more likely passive video
logging and require constant human supervision,
which is not very effective in dynamic security
scenarios. Moreover, poor visibility in low light as
well as inability for automatic responses hinders it.
To address this, this paper presents a Smart CCTV

security setup. Instead of taking support from
regular PIR (Passive Infrared) sensors, motion
detection is achieved through computer vision
techniques using OpenCV, including frame
differencing and contour detection. On capturing
movement, the system automatically turns on the
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light improving visibility for both real-time
monitoring as well as recorded footage. At the same
time, the recording of video starts to ensure the
security events are captured properly. The light
stays on for a certain period and is turned off when
there is no more movement. In addition to recording
footage, optional web-based access allows for the
live monitoring of the system with manual control
through remote access. The use of an optocoupler
relay module ensures much better electrical
isolation, which also improves the longevity and
reliability of the system as a whole. This approach
yields greater accuracy in comparison to standard
security systems while reducing false alarms,
improving low-light performance, and automating
security responses. This paper starts with a
comprehensive review of the existing surveillance
system and its limitations, followed by the
methodology, implementation, and evaluation of
the proposed Smart CCTV Illumination System.
The objective here is to propose the development of
cost-effective, reliable, and scalable security
solutions while improving real-time surveillance
and automated security.

II. LITERATURE REVIEW

An The security and surveillance systems have
seen tremendous growth with advancements in
motion detection, video analytics, and automation.
Different studies have been conducted on different

approaches to enhance the efficiency of
surveillance, such as computer vision-based
detection, IoT-enabled security, deep learning

applications, and automated lighting control. This
section  reviews ten  significant  research
contributions, their methodologies, advantages,
limitations, and how our proposed Smart CCTV
Illumination System overcomes these challenges.
Bandi N. Rao and Reddy Sudheer [1] proposed a
Smart Motion Detection Surveillance System based
on image processing to detect motion in video
frames. The system has a graphical user interface
(GUID) for user monitoring and control of the
surveillance feed. While the motion detection
algorithm improves accuracy, the system lacks
automated lighting, which reduces its performance
in low-light environments. Our system overcomes
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this shortcoming by integrating motion-activated
lighting, thus ensuring clear video recording
regardless of the ambient lighting conditions.

Robert Collins et al. [2] introduced the Intelligent
Surveillance  Support System (ISSS), which
involves real-time monitoring and anomaly-
detection through machine learning algorithms. The
system thus detects unusual behavior from the
security feed and alerts the management. However,
there is another limitation associated with an
increased false alarm report due to wrongful
interpretation of behavior. The present work
weakens the false alarm incidence rate by
introducing an automatic lighting system that
creates clearer video footage for improved anomaly
detection through better video quality.

S. Patel et al. [3] proposed an IoT-based Smart
Surveillance System that introduces motion
detection using PIR sensors and stores videos on
cloud platforms, such as Firebase and AWS.
Though the system enables remote monitoring,
dependence on cloud computing raises latency
issues; furthermore, PIR-based motion detection is
susceptible to false positives. Our project addresses
such issues by implementing USB camera-based
OpenCV  motion detection, which not only
increases accuracy of the detection but also saves
video footage locally, and with this avoiding the
latency associated with cloud storage.

J. Lee and H. Kim [4] explored Deep Learning
for Object Recognition in Video Surveillance that
utilizes Convolutional Neural Networks to identify
real-time objects from a security feed. This method
improved its accuracy through this but having high
computational needs and the challenge of working
in a near real-time procedure. Our project addresses
such issues through lightweight OpenCV-based
motion detection that enables good real-time
performance without incurring a heavy computation
burden.

A. Sharma et al. [5] presented Automated
Lighting Control for the Smart Surveillance system,
which utilizes LDRs (Light-Dependent Resistors)
activated by the brightness of the surrounding. This
approach ensures high energy efficiency while the
LDR fails to operate under subjected artificial
lighting. Another system limitation is that motion-
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based activation is not implemented. Our work
overcomes these limitations through a motion-based
lighting activation process that ensures lights are
turned on only when required. Thus making
security better while ensuring energy sustainability..

M. Gupta et al. [6] proposed an Edge Computing-
Based CCTV Surveillance System that processes
videodata locally on edge devices thus lowering
reliance on cloud storage. Although latency and
network-dependent issues are resolved, the
deployment of edge computing hardware is a costly
and complex endeavor. Our system provides a low-
cost, real-time, efficient surveillance setup through
the application of Raspberry Pi and OpenCV that
does not require expensive infrastructure.

Y. Zhang and X. Li [7] conducted an extensive
Comprehensive Review on Intelligent Surveillance
Systems with different approaches like visible
cameras or infrared sensors or radar-based
monitoring. Although multi-sensor surveillance has
a higher degree of accuracy, complication of
integration and higher costs pose serious problems.
Our project solves simplistic deployment because a
single USB camera works with OpenCV-based
motion detection and automatic lighting to give an
affordable yet very reliable security system.

T. Wang et al. [8] discuss the Smart Video
Surveillance Challenges and Opportunities, where
there is a significant need for an efficient storage
mechanism and low power processing. Proposing
cloud-based and Al analytics, the system remains
vulnerable to data privacy threats and high demand
processing. The system ensures the local storage of
data, obviating all the risks pertaining to the
violation of privacy based on cloud dependence,
and with optimal real-time processing and hardware
requirements.

L. Chen et al. [9] studied Video Surveillance

Technologies for Public Safety, focusing on
predictive  analytics and real-time behavior
monitoring. While these technologies improve

security, they demand huge computational power

and a trained/standardized model for their reliability.

Our system offers a simpler yet very effective
approach of motion detection and automated
lighting to achieve enhanced security, without a
need for a lot of computational power.
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D. Brown and P. White's [10] discussion on Al-
Based Motion Detection for Surveillance Systems
concerning possibility for deep learning in
movement tracking. Keep in mind, false detections
are a much bigger issue when it comes to moving
backgrounds despite Al do improve detection
accuracy. In our project, real-time image processing
techniques applied with motion-triggered lighting
will help extend detection accuracy in a generalized
way so as to ensure optimal visibility for exact
motion detection.

TABLE I :Summary of different techniques for
Security and surveillance systems

TABLEI
Author Ref Advantages Limitation
B. N. Rao | [1] GUI-based motion | Lacks automated
and R. detection enhances | lighting, reducing
Sudheer surveillance effectiveness in low-light
accuracy. conditions.
R. Collins | [2] Real-time anomaly | High false alarm rate due
et al. detection improves | to misinterpretation of
security monitoring. behavior.
S. Patel et | [3] ToT-based remote | Cloud dependency
al. monitoring and | introduces latency; PIR
cloud storage | sensors  cause  false
provide accessibility. | positives.
J. Lee and | [4] Deep learning-based | Requires high
H. Kim object  recognition | computational power,
improves motion | making real-time
detection accuracy. implementation difficult.
A. Sharma | [5] LDR-based Ineffective in artificially
et al. automated lighting | lit environments; lacks
optimizes energy | motion-based activation.
efficiency.
M. Gupta et | [6] Edge computing | High cost and
al. improves real-time | deployment complexity
surveillance by | limit accessibility.
reducing cloud
reliance.
Y. Zhang | [7] Multi-sensor Integration  complexity
and X. Li surveillance and high cost make
increases accuracy | implementation
across different | challenging.
environments.
T. Wang et | [8] IoT and Al | Cloud-based storage
al. integration enhance | raises  data  privacy

security monitoring.

concerns and processing
demands.

L. Chen et | [9]

Predictive analytics

Requires extensive

al. and real-time | training datasets and
behavior monitoring | computational resources.
improve threat
detection.
D. Brown | [10] Al-based motion | False detections remain
and P. detection enhances | an issue in dynamic
White security automation. environments.

From the reviewed studies, it can be said that

motion detection, IoT security, deep learning
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surveillance, and automatic lighting have made
great strides. However, false motion detection,
cloud dependency, low-light challenges, and
electrical instability are some of their common
weaknesses. The Smart CCTV Illumination System
takes research one step further by addressing these
major limitations.

*  Eliminating PIR sensor inaccuracies through
OpenCV-based real-time motion detection.

*  Reduction and elimination of cloud latency
and potential security threats while ensuring
continuous local video storage.

*  Low-light surveillance augmented with
motion-triggered lighting.

*  Electrical isolation/protection is provided by
an optocoupler-based relay module.

*  Real-time processing at a low cost owing to
computational optimization for Raspberry Pi and
OpenCV;

*  Remote access can be done via an optional
web interface that further provides cloud-like
functionality without complete dependency on the
internet service.

This  state-of-the-art  system, capable of
overcoming the aforementioned drawbacks, thus
provides a robust, dependable, and economically
viable smart surveillance solution for residential,
commercial, and industrial applications.

III. CONCLUSIONS

The This paper reviewed various advancements
in smart surveillance systems, focusing on motion
detection, automated lighting, and real-time video
recording. The analysis of the state of existing
security solutions highlighted key challenges such
as false sense motion detection, cloud dependency,
poor low-light working, and system instability. This
was countered by the Smart CCTV Illumination
System's proposed smart solution to assimilate
OpenCV-based motion detection, lighting upon
activity, and local video storage for enhanced
security and resilience. Instead of false alarms, a
cloud space, and buildable features with crystal
visibility through automatic lighting, this solution
offers an optocoupler-based relay module for
electric isolation and, in turn, improved stability of
the system. The smart system proposed here is
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cheaper, scalable, and efficient, yielding a truly
smart security option for residential, commercial,
and industrial use. Future research will deliver deep
learning capabilities in advanced object recognition
and Al anomaly detection for even greater hits at
real-time security.
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