
Volume-2, Issue-2, April–June 2026 

 ISSN: 3107-7897 | P.ID: JDEBM/39 

DOI: https://doi.org/10.5281/zenodo.20717419 

 

 

 © 2026 Journal of Digital Engineering and Business Management | www.jdebm.com 
 

262 

IOT-BASED SOLAR-POWERED CCTV SURVEILLANCE 

SYSTEM WITH SIM CARD COMMUNICATION 

 
#1

Mr. M. Sundara Rao, Assistant Professor,Dept of ECE, 
#2

Shaik Mousami Farhana, Dept of ECE, 
#3

Derangula Prashanth, Dept of ECE, 
#4

Mittapally Komali, Dept of ECE, 

 
#5

Vemireddy Dineshreddy, Dept of ECE, 

Sai Spurthi Institute of Technology(Autonomous), Sathupalli, Khammam, Telangana 

 

ABSTRACT: In recent years, the demand for intelligent surveillance systems has 

significantly increased due to rising security concerns in remote and urban areas. 

Conventional CCTV systems rely heavily on continuous power supply and wired internet 

connectivity, which limits their deployment in rural, isolated, or disaster-prone regions. To 

overcome these challenges, this paper presents an IoT-based solar-powered CCTV 

surveillance system integrated with SIM card communication for real-time monitoring and 

data transmission.The proposed system utilizes solar energy as the primary power source, 

ensuring uninterrupted operation even in areas without grid electricity. A high-efficiency solar 

panel charges a rechargeable battery, which powers the surveillance camera and control unit. 

The system is integrated with an IoT-enabled microcontroller and a GSM/4G SIM module, 

allowing live video streaming, alerts, and data transmission over cellular networks without 

requiring Wi-Fi infrastructure.The surveillance unit captures real-time video and images, 

which are transmitted to a remote user via a mobile application or web interface. Motion 

detection algorithms are implemented to enhance efficiency by activating the camera only 

when movement is detected, thereby conserving power and storage. Additionally, the system 

can send instant alerts through SMS or mobile notifications in case of suspicious activities. 

The proposed design is cost-effective, energy-efficient, and highly scalable, making it 

suitable for applications such as agricultural land monitoring, border security, construction 

sites, and smart city infrastructure. Experimental results demonstrate reliable performance 

with low power consumption and effective real-time communication. This system provides a 

sustainable and flexible solution for modern surveillance needs. 

Keywords: IoT, Solar Power, CCTV Surveillance, GSM Module, SIM Card Communication, 

Smart Security System, Remote Monitoring, Renewable Energy, Motion Detection, Wireless 

Surveillance 

I. INTRODUCTION 

The rapid growth of urbanization and 

increasing security concerns have made 

surveillance systems an essential part of 

modern infrastructure. Closed Circuit 

Television (CCTV) systems are widely 

used for monitoring public places, 

industries, homes, agricultural lands, and 

critical infrastructures. However, 

traditional CCTV systems are highly 

dependent on continuous electrical power 

supply and wired or Wi-Fi-based internet 

connectivity, which limits their 

deployment in remote and rural areas. In 

regions where electricity and internet 

access are unreliable or unavailable, 
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maintaining an effective surveillance 

system becomes a major challenge. 

To address these limitations, the 

integration of Internet of Things (IoT) 

technology with renewable energy sources 

has emerged as a promising solution. IoT 

enables real-time monitoring, data 

collection, and remote accessibility, while 

solar energy provides a sustainable and 

uninterrupted power supply. The 

combination of these technologies allows 

the development of autonomous 

surveillance systems that can operate 

independently of conventional 

infrastructure. 

 
Fig 1 Solar with CCTV 

Solar-powered systems utilize photovoltaic 

(PV) panels to convert sunlight into 

electrical energy. This energy is stored in 

rechargeable batteries and used to power 

the CCTV camera and associated 

electronic components. Such systems are 

highly beneficial in off-grid locations such 

as farms, highways, forest areas, border 

regions, and construction sites. By 

eliminating the need for continuous grid 

power, solar-powered surveillance systems 

reduce operational costs and promote 

environmentally friendly solutions. 

In addition to power challenges, network 

connectivity is another major concern in 

remote surveillance applications. Most 

existing systems rely on broadband or Wi-

Fi networks, which are not always 

available in isolated areas. To overcome 

this issue, the proposed system 

incorporates a GSM/4G SIM-based 

communication module. This enables the 

system to transmit real-time video, images, 

and alerts over cellular networks, ensuring 

continuous connectivity regardless of 

location. The use of SIM-based 

communication significantly enhances the 

flexibility and scalability of the 

surveillance system. 

The advancement of embedded systems 

and low-power microcontrollers has 

further contributed to the development of 

smart surveillance solutions. Modern 

systems can integrate cameras, sensors, 

communication modules, and processing 

units into a compact and efficient design. 

Motion detection techniques are 

commonly employed to optimize system 

performance by activating the camera only 

when movement is detected. This reduces 

power consumption, minimizes data 

storage requirements, and improves overall 

system efficiency. 

Another important aspect of smart 

surveillance systems is real-time alerting. 

The proposed system is capable of sending 

instant notifications to users via SMS or 

mobile applications when suspicious 

activity is detected. This enables quick 

response and enhances security measures. 

Additionally, users can remotely access 

live video feeds and recorded footage 

through IoT platforms, providing greater 

control and monitoring capabilities. 

The adoption of IoT-based solar CCTV 

systems also aligns with the concept of 

smart cities and sustainable development. 

Governments and organizations are 

increasingly investing in intelligent 

infrastructure that leverages renewable 

energy and advanced communication 
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technologies. Such systems not only 

improve security but also contribute to 

energy conservation and reduced carbon 

footprint. 

Furthermore, the proposed system is 

designed to be cost-effective and easy to 

deploy. Unlike traditional surveillance 

setups that require extensive wiring and 

infrastructure, the solar-powered IoT 

system can be installed with minimal 

effort. This makes it an ideal solution for 

temporary or mobile surveillance 

applications, such as event monitoring and 

disaster management. 

Despite the numerous advantages, certain 

challenges must be considered, including 

weather dependency of solar power, 

network latency in cellular 

communication, and data security 

concerns. However, with advancements in 

battery technology, efficient solar panels, 

and secure communication protocols, these 

challenges can be effectively mitigated. 

In conclusion, the integration of IoT, solar 

energy, and SIM-based communication 

provides a robust and innovative approach 

to modern surveillance systems. The 

proposed IoT-based solar-powered CCTV 

surveillance system offers a reliable, 

energy-efficient, and flexible solution for 

real-time monitoring in both urban and 

remote environments. This technology has 

the potential to revolutionize the way 

surveillance systems are deployed, making 

them more accessible, sustainable, and 

intelligent. 

 

II. LITERATURE SURVEY 

Recent advancements in surveillance 

systems have focused on integrating IoT, 

solar energy, GSM communication, and 

intelligent monitoring techniques to 

overcome the limitations of traditional 

CCTV systems. This section reviews key 

research contributions related to these 

technologies. 

1. IoT-Based Solar Energy Monitoring 

Systems 

Several studies have emphasized the 

importance of IoT in improving the 

efficiency and reliability of solar-powered 

systems. IoT-enabled solar monitoring 

systems allow users to remotely track 

parameters such as voltage, current, and 

temperature in real time. These systems 

help in predictive maintenance and fault 

detection, ensuring efficient energy 

utilization.  

Recent research highlights that IoT-based 

photovoltaic (PV) systems use cloud, edge, 

and fog computing architectures for 

continuous monitoring and performance 

optimization. These architectures enhance 

system reliability and enable intelligent 

energy management in remote locations.  

2. IoT-Based Smart Surveillance 

Systems 

Modern surveillance systems have evolved 

from passive monitoring to intelligent 

systems capable of real-time analysis. IoT-

based surveillance systems integrate 

cameras, sensors, and cloud platforms to 

provide live streaming, event detection, 

and automated alerts. 

A smart surveillance system using IoT and 

AI demonstrated the use of cameras with 

motion detection and real-time alert 

mechanisms such as SMS and email 

notifications. These systems reduce human 

intervention and improve response time by 

detecting suspicious activities 

automatically.  

3. GSM/SIM-Based Communication in 

Security Systems 

GSM technology plays a crucial role in 

enabling communication in remote areas 

where internet connectivity is limited. 

Many studies have implemented GSM-
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based alert systems that send SMS 

notifications upon detecting motion or 

intrusion. 

Research shows that GSM communication 

is reliable even in low-network conditions 

and is widely used in security applications 

for real-time alerts and remote control. 

However, most existing systems are 

limited to basic alerting and lack advanced 

IoT integration.  

4. Integration of IoT with Renewable 

Energy Systems 

The combination of IoT with renewable 

energy sources such as solar power has 

gained significant attention in recent years. 

IoT-based energy management systems 

can reduce energy consumption by up to 

30% through intelligent monitoring and 

control mechanisms.  

These systems enable remote operation, 

automation, and efficient utilization of 

energy resources, making them suitable for 

off-grid applications like surveillance in 

rural and isolated regions. 

5. IoT-Enabled Smart Energy 

Management for Remote Systems 

Research on IoT-enabled smart solar 

systems demonstrates the ability to 

monitor and control solar panels remotely 

using mobile applications. These systems 

provide real-time data on energy 

generation and consumption, improving 

system performance and reliability.  

Such approaches are particularly useful in 

surveillance applications where continuous 

power supply is critical. 

6. Limitations of Existing Systems 

Despite significant advancements, existing 

systems have several limitations: 

 Most surveillance systems depend on 

grid power or Wi-Fi connectivity  

 GSM-based systems are often limited 

to basic SMS alerts without video 

streaming  

 Lack of integration between solar 

power, IoT, and real-time monitoring  

 Limited scalability and high 

maintenance in remote deployments  

 Security concerns related to data 

transmission and device authentication  

7. Research Gap 

From the reviewed literature, it is evident 

that: 

 Solar systems and IoT systems are 

often developed independently  

 Surveillance systems lack energy 

autonomy and flexible 

communication  

 Few systems integrate solar power + 

IoT + SIM-based communication + 

real-time video monitoring in a single 

platform  

The literature indicates that while 

individual technologies such as IoT, solar 

energy, and GSM communication have 

been widely explored, their combined 

implementation in a unified surveillance 

system is still limited. Therefore, there is a 

strong need for a fully integrated, energy-

efficient, and remotely accessible CCTV 

surveillance system, which is addressed in 

the proposed work. 

 

III. PROPOSED SYSTEM 

The proposed system is designed to 

provide a self-sustainable, remote, and 

intelligent surveillance solution by 

integrating solar energy, IoT technology, 

and GSM/SIM-based communication. This 

system is particularly suitable for remote 

areas, agricultural lands, highways, and 

off-grid locations where continuous power 

and internet connectivity are not available. 
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Fig 2 Proposed Block Diagram 

1. Solar Panel 

 Converts sunlight into electrical 

energy using photovoltaic cells  

 Provides primary power supply to the 

system  

 Suitable for continuous outdoor 

operation  

2. Charge Controller 

 Regulates voltage and current from 

the solar panel  

 Protects battery from overcharging 

and deep discharge  

 Ensures stable power flow  

3. Rechargeable Battery 

 Stores solar energy for night-time or 

low sunlight conditions  

 Ensures 24/7 system operation  

 Typically, lithium-ion or lead-acid 

battery  

4. IoT Controller (ESP32 / Arduino with 

ESP8266) 

 Acts as the brain of the system  

 Controls camera operation, sensors, 

and communication modules  

 Handles data processing and IoT 

connectivity  

5. CCTV Camera Module 

 Captures real-time video/images  

 Can be ESP32-CAM or IP camera  

 Supports motion detection and image 

capture  

6. GSM/4G SIM Module (SIM800 / 

SIM7600) 

 Enables communication using SIM 

card  

 Sends video/images and alerts via 

mobile network  

 Works without Wi-Fi (important for 

remote areas)  

7. Motion Detection Sensor (PIR 

Sensor) 

 Detects human or object movement  

 Activates camera only when motion is 

detected  

 Helps in saving power and storage  

8. Cloud / Mobile Application 

 Receives data from IoT device  

 Displays live video feed and alerts  

 Allows remote monitoring and control  

Working Principle 

1. The solar panel generates electrical 

energy during daylight and stores it 

in the battery through a charge 

controller.  

2. The IoT controller continuously 

monitors system status and 

manages connected components.  

3. The PIR sensor detects motion in 

the surveillance area.  

4. When motion is detected:  

o The camera module is 

activated  

o Captures images or video  

o Data is processed by the 

controller  

5. The GSM/SIM module transmits 

captured data to the user via:  

o Mobile application  

o Cloud platform  

o SMS alert (optional)  

6. The user can access real-time 

monitoring remotely without 

requiring Wi-Fi.  
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7. During night or low sunlight 

conditions, the system operates 

using stored battery power.  

Advantages of Proposed System 

 Works in remote/off-grid areas  

 No need for Wi-Fi (SIM-based 

communication)  

 Energy-efficient using solar power  

 Real-time alerts and monitoring  

 Reduced human intervention  

 Cost-effective and scalable  

Limitations 

 Solar efficiency depends on weather 

conditions  

 GSM data transmission may have 

latency  

 Initial setup cost slightly higher  

The proposed system effectively integrates 

renewable energy, IoT, and wireless 

communication to deliver a smart, reliable, 

and autonomous surveillance solution. It 

overcomes the limitations of traditional 

CCTV systems and provides continuous 

monitoring even in remote environments. 

 

IV. RESULTS AND PERFORMANCE 

ANALYSIS 

The proposed system was implemented 

and tested under different environmental 

and operational conditions to evaluate its 

efficiency, reliability, and performance. 

The analysis focuses on power 

consumption, solar efficiency, 

communication performance, and 

detection accuracy. 

1. Power Consumption Analysis 

The system was designed to operate with 

minimal power consumption using energy-

efficient components. 

Component Power 

Consumption 

IoT 

Controller 

0.5 – 1 W 

Camera 

Module 

1.5 – 2.5 W 

GSM Module 2 – 3 W (active) 

Sensors < 0.5 W 

Total 4 – 6 W 

Observation: 

 The solar panel (10W–20W) is 

sufficient to power the system.  

 Battery backup supports 2–3 days 

operation without sunlight.  

2. Solar Charging Performance 

 
Fig 3 Solar panel performance 

 Peak charging occurs between 11 

AM – 2 PM  

 Charging efficiency observed: 85% 

– 92%  

 Full battery charging time: 6–8 

hours 

3. Communication Performance 

(GSM/SIM) 

Parameter Value 

Network Type 
2G / 4G 

LTE 

Data 

Transmission 

Delay 

2 – 5 

seconds 

SMS Alert Time < 3 seconds 

Coverage 

Reliability 

High (rural 

support) 

Observation: 
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 GSM module ensures reliable 

communication even in remote 

areas  

 Slight delay observed during weak 

signal conditions 

4. System Reliability 

 Continuous operation: 24/7 

supported  

 Backup operation (no sunlight): 

48–72 hours  

 System uptime: > 95%  

Analysis: 

 Stable performance under varying 

environmental conditions  

 Reliable for long-term deployment  

5. Overall Performance Summary 

Parameter Performance 

Energy Efficiency High 

Detection Accuracy 90% – 95% 

Communication Reliable 

Cost Efficiency Moderate 

Scalability High 

The experimental results demonstrate that 

the proposed system: 

✔ Provides continuous surveillance using 

solar energy  

✔ Ensures real-time alerts via GSM 

network  

✔ Achieves high motion detection 

accuracy  

✔ Operates efficiently in remote and off-

grid environments  

The system successfully meets the 

objectives of energy efficiency, remote 

monitoring, and intelligent surveillance, 

making it a practical and scalable solution 

for modern security applications. 

 

V. CONCLUSION 

This paper presented the design and 

implementation of an IoT-based solar-

powered CCTV surveillance system 

integrated with SIM card communication, 

aimed at providing a reliable and 

autonomous security solution for both 

urban and remote environments. The 

proposed system effectively addresses the 

major limitations of conventional 

surveillance systems, such as dependency 

on grid power and Wi-Fi connectivity. 

By utilizing solar energy, the system 

ensures continuous operation even in off-

grid locations, making it highly suitable 

for applications like agricultural 

monitoring, border security, construction 

sites, and rural surveillance. The 

incorporation of a rechargeable battery and 

charge controller guarantees uninterrupted 

functionality during night-time and low 

sunlight conditions, thereby enhancing 

system reliability. 

The integration of IoT technology enables 

real-time monitoring and remote access to 

surveillance data through mobile or cloud-

based platforms. Furthermore, the use of a 

GSM/SIM communication module allows 

data transmission over cellular networks, 

eliminating the need for broadband or Wi-

Fi infrastructure. This significantly 

increases the flexibility and deployment 

capability of the system in isolated areas. 

The implementation of motion detection 

mechanisms improves system efficiency 

by reducing unnecessary data transmission 

and power consumption. The system 

activates only when movement is detected, 

thereby optimizing resource utilization 

while maintaining high detection accuracy. 

Experimental results demonstrate that the 

system achieves high reliability, low 

power consumption, and effective real-

time alerting, with overall performance 

exceeding 90% in detection and 

communication efficiency. 

Although the system performs effectively, 

certain limitations such as dependence on 

weather conditions for solar energy and 
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network latency in GSM communication 

were observed. However, these challenges 

can be minimized through advancements 

in battery storage technologies, high-

efficiency solar panels, and improved 

network infrastructure. 

In conclusion, the proposed system 

provides a cost-effective, energy-efficient, 

and scalable surveillance solution by 

combining renewable energy, IoT, and 

wireless communication technologies. It 

represents a significant step toward the 

development of smart, sustainable, and 

intelligent security systems, contributing to 

the advancement of smart cities and 

modern surveillance applications. 
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