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Abstract:  Surveillance is often considered as the first line of deterrence to warfare and has been historically dominated by aerial 

and space reconnaissance. The proposed system in this paper aims to solve challenges faced by these conventional surveillance 

technologies by mitigating the challenges faced by them with the development of a real-time on-ground robotic solution. It includes 

the development of a surveillance robot that works on renewable solar-energy and is able to communicate the data obtained from 

inside a contentious area to a distant monitoring station present at a secure location which is responsible for control and operation 

of the robotic system. This real-time system grants the user a complete control over the actions and objectives of the robotic system 

used for surveillance. This solves challenges faced by conventional surveillance technologies owing to the flexibility and shelf life 

of the system due to the use of renewable energy source as its main source of energy. The surveillance robot also employs various 

stealth enhancements like retractable solar panels, camouflage and compact design. The resulting project addresses the challenges 

faced by conventional technologies used for surveillance of contentious areas by providing a flexible on-ground solution in the 

domain. The project idea will be improved upon with the advancements in design and integration of technologies like Artificial 

Intelligence for a better surveillance network. 

 

Index Terms – Infrared (IR), Global Positioning System (GPS), Radio Frequency (RF), Liquid Crystal Display (LCD), 

Television (TV), Passive Infrared (PIR), Degree of Freedom (DoF), 2-Wheel Drive (2WD), Phase Alternate Line (PAL), 

National Television Standards Committee (NTSC) 

I. INTRODUCTION 

One of the most difficult challenges in today’s world is maintaining security and peace in areas of conflict or contention. 

Surveillance in today’s world is the best form of defense against organized or unorganized crime or terrorism. Over the years we 

have also observed that border surveillance and patrolling can drastically control the entry of resources and people involved in these 

activities. It is also essential for any country to maintain the upper hand against hostile nations which try to satisfy their own 

geopolitical ambitions by any means. These scenarios in which real-time surveillance and monitoring of important regions and 

strategic locations becomes necessary. In order to tackle the on-ground situation without risking human-lives, surveillance and 

reconnaissance through the use of technology have gained importance. Traditional reconnaissance techniques like aerial or satellite-

based reconnaissance have drawbacks that can be overcome with the use of an on-ground robotic system that can transmit real-time 

data irrespective of weather and night-time conditions. 

 

 

II. LITERATURE SURVEY 

Solar-powered robots have been used in various fields ranging from agriculture to security (1). However, applying the same 

solution in the field of reconnaissance or for military-application comes with its own set of challenges. Many aspects of surveillance 

can be overcome by the use of IR-based sensing technology and the use of analog cameras which work on independent bandwidths 

which are able to transmit to significant distances in all weather conditions or night time (2). That's why there has been a rapid 

growth in the design and usage of unmanned solutions for surveillance which is often safer and more robust (3). Recent innovations 

in technology have also enabled over-the-top algorithms to completely automate the surveillance process but it also needs capable 

on-ground systems to be able to function and achieve its goals (4). A robotic system, especially a solar-powered robotic system 

comes with its own set of challenges that need to be overcome in the field of military surveillance including stealth and operational 

life. 

 

 

III. DRAWBACKS OF EXISTING SYSTEMS 

Satellite imagery is often used to track movement of forces in conventional scenarios but has many issues. It cannot be used 

for live imaging data, night-time operation is poor, is greatly affected by weather and geography, and it is not as effective for 

counter-terrorism purposes. Aerial reconnaissance also has major flaws because live-monitoring is not possible and the situation 

can escalate if the airspace breach is detected. Fixed surveillance systems have a major flaw that they cannot operate inside enemy 
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territory as they need to be installed by personnel and lack the flexibility of changing monitoring locations with the change in on-

ground situations. 

 

 

IV. PROPOSED SYSTEM 

The proposed system overcomes these challenges as it is able to maintain continuous surveillance with greater flexibility 

and can infiltrate enemy territory on its own without the need of installation or any human intervention. It is significantly better 

than satellite imagery as it is not affected by night time or weather conditions and does 3 not require continuous data from satellites 

in low-earth orbit. It overcomes challenges faced by aerial reconnaissance as it cannot be detected by enemy’s radar systems and 

can cover huge areas if required without the risk of countermeasures. 

 

 
Fig. Proposed Surveillance System 

 

As seen in the above image, the proposed system consists of 2 parts – 

i. Surveillance Robot 

ii. Control and Monitoring Station 

 

The Surveillance Robots that will be deployed in a contentious territory which needs to be monitored and a Control and 

Monitoring station which will located at a safe location which is responsible for gathering the data received from the robots deployed 

in the field and controlling the actions of these robots as needed. The Surveillance robots will be located at choke-points like valleys 

or riverbanks or important roads to monitor the area effectively with minimum requirement of changing location frequently. The 

Control and Monitoring Station will receive live video and motion sensing data from these robots and control the movement of 

these robots as required. 

 

 

V. SYSTEM DESIGN 

1. Surveillance Robot 

 
Fig. Surveillance Robot Design 

 

The Surveillance robot has a 3-tier system which holds all the main components of the robot. The bottom tier is 

responsible for enabling the locomotion of the robot and will hold the motors and mechanical assemblies for the same 

application. Above that on the first layer we have a sliding mechanism that enables the deployment and retraction of the 

solar panel for providing protection from visual detection and making the robot as compact as possible. The layer above 

that holds all the on-board electronics and it will also hold main monitoring system of the robot i.e., the servo-mounted IR 

Night vision camera which will have a 360o view of the environment around the robot with the use of the servo mechanism. 
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2. Control and Monitoring Station 

 
Fig. Control and Monitoring Station Design 

The control and monitoring station will have a main monitor/TV screen which will be used to display the live video data 

received from the Surveillance robot. The main control panel will have multiple control switches to control the operation 

of the robot and display the incoming data on LCD display along with the microcontroller and communication modules. 

 

VI. BLOCK DIAGRAM

 

Fig. Block Diagram 

 

 

VII. IMPLEMENTATION 

1. Surveillance Robot Mechanical Assembly 

 

Fig. Mechanical Assembly 
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The mechanical assembly of the Surveillance robot consists of ‘3’ main parts – 

a. Main Chassis 

b. Locomotion Assembly 

c. Solar Panel Deployment Mechanism 

 

a. Main Chassis 

 

Fig. Main Chassis 

The main chassis of the robot holds all the mechanisms and on-board payload of the Surveillance robot. The chassis 

is made out of aluminium pipes which are welded together to form the main structure of the robot. The base of the 

chassis will hold the locomotion drive of the robot along its edges. The section above the base consists of 2 parallel 

sections that will be responsible for supporting the solar panel sliding mechanism in the middle section of the robot. 

And the top-most layer will hold all the on-board electronics as well as support the camera module layer which will 

be placed at the highest point in the entire robot. 

 

b. Locomotion Assembly 

   
Fig. Locomotion Assembly 

The locomotion motor assembly consists of the IG45 motor, the wheel and the holding components that are used 

to integrate the wheel and motor and attach the same to the main chassis of the robot. The motor is coupled to the 

130mm wheel using a 12mm hex coupling at the output shaft of the motor. As the robot uses a 2-wheel drive system, 

the two rear drive components will have the motor assembly. 

 

c. Solar Panel Deployment Mechanism 

        
Fig. Solar Deployment Mechanism 

The rack-and-pinion mechanism is the heart of the sliding mechanism. The racks are attached to two drawer slides 

present on either side of the robot that are connected to the main chassis. The rack is connected to the pinion gear 

on one side of the robot which will be the side from which the solar sliding mechanism will be operated. 
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2. Locomotion 

The surveillance robot performs locomotion with the use of 2WD motors which are padded with the sound absorbing 

foam for low noise locomotion. The motors used in the robot are the 12V Rhino IG45 motors with high torque and 

power delivery. The robot will receive controlling data for locomotion and other purposes from the monitoring hub and 

use the motor driver for robotic operations. 

 
Fig. 2-wheel drive assembly 

The Motors will be controlled using the Cytron MDDA10 Dual-channel Motor driver capable of supplying up to 10A 

to each of the motor using the data received by the Arduino. 

 

 

3. Solar Panel Deployment System (Surveillance Robot) 

The Solar-panel sliding mechanism consists of a guideway for the solar panel and executes sliding motion with the help 

of rack-and-pinion mounted DC motors. These DC Motors will also be controlled using the Arduino Mega using the 

data received from the Control and Monitoring Station. The input coming from the Arduino is given to the L293D motor 

driver which drives the output to the 12V 100 rpm DC motors. 

 

 

4. Power Section (Surveillance Robot) 

 

Fig. Power Section Block 

The robot uses solar energy as its main source of energy. It will use a standard 12V 7Ah Lead acid battery as its primary 

source of energy storage as it is safer and more robust than Lithium batteries. The battery is charged using the 20-Watt 

Solar Panel through the 12V DC Charge controller. This Charge controller will charge the battery using the energy 

generated by the solar panel and also give output from the battery to the remaining DC load of the Surveillance robot. 

The Charge controller is capable of supplying 12V as well as 5V (through USB output). 
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Calculations for Power section – 

Required power for operation of robot (stationary) = Ps = 5W 

Required power for operation of robot (in motion) = Pm = 50W 

Velocity of robot in motion = 1 m/s 

Solar Panel Peak output = Si = 20W 

Minimum Required Battery capacity = C Wh 

 

Assuming perfect conditions for charging to be available for 12 hours throughout the day, the energy generated by the 

solar panel is given by – 

Maximum energy generated in ideal condition = Si x 12 = 20 x 12 = 420 Wh 

 

The minimum amount of energy required for the robot (battery capacity) to sustain throughout the 12 hours at night is 

given by – 

C = Ps x 12 = 5 x 12 = 60 Wh 

 

Therefore, a battery with a margin of safety is chosen to provide the minimum amount of energy required for night 

operation and power the robot during locomotion. So, a 12V 7Ah Lead Acid battery (Total capacity = 12x7=84Wh) is 

chosen due to its dependable operation in solar power setups. 

 

The battery charging time during peak solar panel output is given by – 

Battery charging time = 84Wh/20W = 4.2 h 

But in practical scenarios this time will be closer to 6-7 hours due to changes in weather and intermittent locomotion. 

 

Locomotion time on charged battery is an essential measure to determine the amount of distance the robot can travel 

in a certain period of time only using its onboard power system. It can be calculated as follows – 

 

Locomotion Period = 84Wh/50W = 1.68 h = 100.8 minutes ~ 100 minutes 

 

And according to the velocity of robot during locomotion we are able to calculate the maximum distance travelled by 

the robot in one full charge 

 

Maximum distance covered = Velocity x Locomotion period = 100 x 60 x 1 = 6000m = 6 km 

 

 

5. Monitoring and Communication Section (Surveillance RobotMonitoring and Communication Section) 

 

Fig. Night-vision Camera operation 

The Monitoring and Communication section is the most essential section of the Surveillance robot and will make sure 

that robot senses any activity in its vicinity and sends back the essential data to the control and monitoring station. The 

video feed is obtained with the use of a 1.2 GHz Wireless Night vision camera that will have a 360-degree view which 

will act as the eye on the ground for the security personnel as well as the robot. This live video feed sent by the robot 

will be received by a 1.2GHz receiver located at the Control and Monitoring Station. 

 

The surveillance robot will use a HCSR501 PIR sensor to keep an all-round check on intruders in short range. The robot 

will also send back it’s live GPS coordinates to the monitoring station with the help of a NEO-6M GPS Module which 

can be used to control and drive the robot to different locations and avoid locations with exposed surroundings or 

impassable topography. The data from the PIR Sensor and GPS Module will be obtained by the Arduino Mega 2560 

and transmitted to the Control and Monitoring Section using the 433MHz HC-12 RF Module which will act as the data 

link between the Surveillance robot and the Control and Monitoring Station. The HC-12 Module will also receive the 

instructions received from the Station for locomotion, solar panel deployment and camera panning. 
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6. Design of Control and Monitoring Station 

The control and monitoring station will be based in a secure location and will have all the controls of the robot and 

receive the data coming from the robot. It will have a 1.2GHz AV RF receiver to receive the video feed transmitted by 

the camera located on the Surveillance robot. This received video will be displayed on a monitor which is PAL-

compatible. 

 

 
The Control and Monitoring Station will use a separate RF communication channel using the 433MHz HC-12 Module 

to transmit locomotion, camera-panning and solar panel deployment controls, and it will also receive the current GPS 

location and the PIR Sensor data from the Surveillance robot. The GPS location and Sensor data received using the 

HC-12 Module will be sent to the Arduino Nano which will display the information on an LCD display. The control 

inputs will be provided with the use of a switch control unit. 

 
  

7. Operational Modes of the Robotic system 

The surveillance robot operates in 3 main modes which are as follows – 

a. Low-power stationary mode 

 
Fig. Low-power Stationary Mode 

When the surveillance robot is already at the desired location then it will disable all non-essential systems and operate 

as a monitoring unit. The IR camera, PIR and GPS sensors will send back the data to the control and monitoring station 

with the solar panel being retracted to provide maximum covertness while during operation. The robot will stay in this 

mode for the maximum period of time in its lifetime. 

 

b. Passive Charging mode 

 
Fig. Passive Charging Mode 
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The robot will deploy its solar panel and charge its internal batteries in this mode so that it can keep operating on the 

ground for long periods of time. The Passive charging mode will be activated for a small amount of time compared to 

the stationary mode and will make sure that the robot does not run out of power while operating in the enemy territory. 

 

c. Active Locomotion mode 

 
Fig. Active Locomotion mode 

If the robot needs to change its location it will perform locomotion using its 2WD system and can work in a solar panel 

deployed as well as retracted state. The robot will still continue to send all the data to the control and monitoring station 

and will be assisted to the target location with the help of its live GPS coordinates. 

 

8. Final Integrated System 

 
Fig. Surveillance Robot 

 

VIII. RESULTS AND CONCLUSION 

 

The project was able to achieve the following benchmark results – 

• Passive operation time - 12-13 hours 

The implemented setup was able to achieve an operation time of 12 hours using the onboard battery which powers the entire 

surveillance robot and its functionalities. The robot was able to perform continuous surveillance and transmit the obtained 

data successfully to the control and monitoring station. 

 

• Successful data communication between the Surveillance Robot and the Control and Monitoring Station 

The GPS data and motion sensing data were received by the Control and monitoring station along with continuous video 

feed from the onboard night-vision camera of the Surveillance robot. The Surveillance robot successfully performed the 

tasks of solar panel deployment and locomotion according to the incoming data from the control unit. 

 

• Deployment of solar charging using on-board solar panel. 

The power section of the surveillance robot is capable of charging the onboard battery within 5 hours of continuous sunlight 

when the solar panel is deployed. Thus, the long-term operation of the robot is successfully achieved. 

 

• Deployment of retractable solar panel deployment mechanism 

The solar panel deployment mechanism is implemented using the onboard mechanical components to achieve smooth and 

dependable sliding which helps in improving stealth of the robot and reducing the size of the surveillance robot. 

 

• Deployment of locomotion using high-torque 2-wheel drive system 

The robot is able to successfully perform locomotion using its 2-wheel drive system with desired speed and control. The 

system in operation can be seen in the following video – https://youtu.be/cgfYwEOaJ2c 

 

Along-with this deployment of the robotic system, we are able to determine the following future scopes for the proposed 

system – 
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• The proposed system overcomes many challenges faced by conventional reconnaissance systems as it is able to stay inside 

the enemy territory and perform continuous monitoring and surveillance. 

• The system can be further miniaturized and made energy-efficient to reduce the need for continuous solar charging and 

improve stealth. 

• The robots can be deployed along with a dedicated satellite communication link that will improve security and range of 

the surveillance network. 

• The successful operation of the robotic system powered by solar energy creates a doorway for future developments in 

Long-term and self-sustainable robotic applications on the field ranging from defence, agriculture and even marine 

applications. 

• It can be integrated with face recognition technology for detection of previously identified terrorist group members or 

sympathizers. 
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