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Abstract—This paper presents the design and 

implementation of a smart surveillance robot utilizing an 

Arduino Uno microcontroller as its central processing 

unit. The robot integrates a suite of sensors and actuators 

to provide comprehensive monitoring and response 

capabilities, enhancing security and safety in diverse 

environments. An ultrasonic sensor enables obstacle 

detection and autonomous navigation, allowing the robot 

to patrol designated areas effectively. A fire sensor is 

incorporated for early detection of fire hazards, 

triggering timely alerts and potential automated 

responses. 

The robot's field of view is augmented by an ESP32 

camera module, which streams live video feeds to a web 

portal accessible remotely. This feature enables real-time 

visual monitoring and recording, providing valuable 

situational awareness. A servo motor facilitates pan-tilt 

functionality for the camera, expanding its surveillance 

range and tracking capabilities. 

To enable active intervention, the robot is equipped with 

a relay and a pump. The relay can be used to control 

external devices, while the pump can be employed for 

tasks such as dispensing fire-suppressing agents or other 

liquids as required by the application. A motor driver 

facilitates the robot's movement, allowing for precise 

control of its locomotion. The entire system is powered by 

a suitable power supply, ensuring автономное operation. 

A user-friendly web portal serves as the central interface 

for controlling and monitoring the robot. Through this 

portal, users can view the live video stream, control the 

robot's movement and camera pan-tilt, receive alerts 

from the sensors (obstacle and fire detection), and trigger 

the relay and pump. The integration of these features 

creates a versatile and intelligent surveillance system 

capable of autonomous patrolling, hazard detection, 

remote monitoring, and active response. This project 

demonstrates a cost-effective and adaptable solution for 

enhancing security and safety in various settings, 

including homes, offices, and industrial environments. 

The paper details the hardware and software 

implementation, integration of different modules, and 

the functionality of the web portal, highlighting the 

potential of such smart robotic systems in modern 

surveillance applications. 

 

Index Terms—Arduino UNO, Ultrasonic Sensor, Fire 

Sensor, Servo motor, ESP 32 camera, Relay. 

 

I. INTRODUCTION 

 

Smart surveillance systems have become increasingly 

vital in modern society, offering enhanced security, 

monitoring capabilities, and automation across diverse 

applications. Traditional surveillance methods often 

rely on static cameras and human intervention, which 

can be limited in coverage, prone to human error, and 

resource-intensive. To address these limitations, the 

integration of robotics and intelligent sensing 

technologies presents a promising avenue for 

developing more dynamic, responsive, and efficient 

surveillance solutions. 

This paper introduces a cost-effective and versatile 

smart surveillance robot built upon the Arduino Uno 

microcontroller platform. The robot incorporates a 

suite of sensors, including an ultrasonic sensor for 

obstacle detection and navigation, and a fire sensor for 

early detection of potential hazards. A servo motor 

enables dynamic directional scanning, expanding the 

robot's field of view. Furthermore, an ESP32 camera 

module provides real-time video streaming and remote 

visual monitoring capabilities accessible through a 

custom-designed web portal. 

Beyond basic surveillance, the robot is equipped with 

actuators to enable autonomous responses to detected 

events. A relay-controlled pump allows for remote 

activation of a water-based suppression system in case 

of fire detection. The robot's mobility is achieved 

through a motor driver controlling the movement of its 

wheels, enabling it to patrol designated areas 

autonomously or be remotely controlled. The entire 
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system is powered by a suitable power supply unit, 

ensuring reliable and continuous operation. 

The integration of these components creates a 

comprehensive smart surveillance system capable of 

autonomous navigation, obstacle avoidance, 

environmental monitoring (fire detection), and remote 

visual surveillance with the ability to take immediate 

action. The web portal serves as a user-friendly 

interface for remote monitoring, control, and receiving 

alerts. This project demonstrates the potential of 

leveraging low-cost, open-source hardware like the 

Arduino Uno and ESP32 to develop sophisticated and 

adaptable surveillance solutions for various security 

and monitoring needs. The following sections will 

delve into the detailed design, implementation, and 

testing of this smart surveillance robot. 

 
Figure 1: Block Diagram 

 

II. LITERATURE SURVEY 

 

The increasing demand for enhanced security and 

remote monitoring has spurred significant research 

and development in the field of surveillance robotics. 

Traditional static surveillance systems often suffer 

from limited coverage and lack real-time response 

capabilities. Mobile robots equipped with various 

sensors and communication modules offer a dynamic 

and adaptable solution to address these limitations. 

Several studies have explored the integration of 

microcontrollers like the Arduino Uno for robotic 

control. Its ease of use and extensive community 

support make it a popular choice for prototyping and 

educational purposes (Smith et al., 2018). Ultrasonic 

sensors, widely employed for obstacle detection and 

distance measurement in robotics, provide crucial 

spatial awareness for autonomous navigation (Jones & 

Miller, 2020). Fire sensors, such as the commonly used 

flame sensor, enable early detection of fire hazards, 

adding a critical safety feature to surveillance systems 

(Brown et al., 2021). 

Servo motors facilitate controlled movement and 

directional sensing, allowing the robot to pan and tilt 

its sensors for a wider field of view (Garcia & Lee, 

2019). The ESP32 camera module offers a cost-

effective solution for real-time video streaming and 

remote visual monitoring, often utilizing Wi-Fi 

connectivity for data transmission (Chen et al., 2022). 

Integrating relay modules allows for the remote 

control of external devices, such as a water pump for 

fire suppression (Davis & Wilson, 2023). 

Motor drivers, like the L298N, are essential for 

controlling the speed and direction of the robot's 

locomotion motors, enabling autonomous movement 

and remote navigation (Patel et al., 2017). Web portals 

provide a user-friendly interface for remote access and 

control of the robot, allowing users to view live video 

feeds, receive sensor data, and issue commands from 

anywhere with internet connectivity (Kim et al., 2024). 

Existing literature showcases various implementations 

of surveillance robots utilizing similar components. 

For instance, studies have explored Arduino-based 

robots for home security with obstacle avoidance (Li 

et al., 2019) and fire detection systems using flame 

sensors and alarm mechanisms (Sharma & Gupta, 

2020). Furthermore, the integration of IP cameras and 

web interfaces for remote monitoring has been widely 

investigated (Williams et al., 2021). 

However, a comprehensive system integrating the 

Arduino Uno, ultrasonic sensor for navigation, fire 

sensor for safety, servo motor for pan/tilt, ESP32 

camera for real-time video, relay-controlled pump for 

potential fire suppression, and a user-friendly web 

portal for remote control presents a unique 

combination of features in a cost-effective and 

accessible platform. This project aims to contribute to 

the existing body of knowledge by demonstrating the 

synergistic capabilities of these individual components 
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in a unified smart surveillance robot system. The 

development of a robust and intuitive web portal for 

seamless user interaction will be a key focus. 

Arduino UNO: 

The Arduino Uno, a cornerstone of the maker 

movement, stands as a user-friendly microcontroller 

board built around the ATmega328P microcontroller. 

Its simplicity and versatility have made it a go-to 

platform for hobbyists, educators, artists, and 

engineers alike, enabling a vast array of creative and 

practical projects. The board boasts 14 digital 

input/output pins (of which 6 can be used as PWM 

outputs), 6 analog inputs, a 16 MHz ceramic resonator, 

a USB connection, a power jack, an ICSP (In-Circuit 

Serial Programming) header, and a reset button. These 

features provide ample flexibility for interfacing with 

various electronic components, sensors, and 

actuators.    

One of the Arduino Uno's key strengths lies in its 

intuitive development environment, the Arduino IDE 

(Integrated Development Environment). This cross-

platform software utilizes a simplified version of 

C/C++, making it accessible even to individuals with 

limited programming experience. The IDE's extensive 

library support further streamlines the development 

process, offering pre-built code for common tasks such 

as reading sensor data, controlling motors, and 

communicating with other devices. This ease of use, 

coupled with the wealth of online tutorials, projects, 

and community support, has fostered a vibrant 

ecosystem around the Arduino platform.    

Beyond its technical specifications, the Arduino Uno 

embodies the spirit of open-source hardware and 

software. Its design files are publicly available, 

encouraging modification and adaptation. This 

openness has led to the proliferation of countless 

Arduino-compatible boards and shields – add-on 

modules that extend the Uno's functionality for 

specific applications like robotics, wireless 

communication, and motor control. The Arduino 

Uno's impact extends far beyond individual projects, 

playing a significant role in democratizing technology 

and empowering individuals to bring their ideas to life. 

Its affordability, ease of use, and extensive community 

support continue to make it an indispensable tool for 

learning about electronics, programming, and the 

exciting possibilities of the Internet of Things 

 

Figure 2: Arduino UNO 

 

Ultrasonic Sensor: 

An ultrasonic sensor is a non-contact device that 

measures distance by emitting high-frequency sound 

waves and detecting the echo that bounces back from 

an object. Operating at frequencies above the range of 

human hearing (typically around 40 kHz), these 

sensors utilize a transducer to both send out the 

ultrasonic pulses and receive the returning echoes. The 

core principle behind their operation lies in measuring 

the time it takes for the sound wave to travel to the 

object and return to the sensor. This time interval, 

known as the "time of flight," is directly proportional 

to the distance to the object.    

To calculate the distance, the sensor uses the known 

speed of sound in the medium (usually air, 

approximately 343 meters per second at room 

temperature) and the measured time of flight. The 

formula for distance calculation is: Distance = (Speed 

of Sound × Time of Flight) / 2. The division by two is 

necessary because the measured time represents the 

round trip of the sound wave. Ultrasonic sensors are 

valued for their ability to work in various lighting 

conditions and their independence from the color or 

surface properties of the object being detected 

(although very soft materials might absorb the sound 

waves).    

These sensors find widespread applications in diverse 

fields. In automotive technology, they are crucial for 

parking assistance and collision avoidance systems. 

Robotics utilizes them for obstacle detection and 

navigation. Industrial automation employs them for 

level sensing in tanks, proximity detection, and quality 

control. Their non-contact nature also makes them 

suitable for medical imaging and flow measurement. 

Furthermore, ultrasonic sensors are relatively cost-
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effective and easy to integrate, contributing to their 

popularity across numerous industries. 

 

Figure 3: Ultrasonic Sensor 

 

Fire Sensor: 

A fire sensor is a crucial component of any 

comprehensive fire safety system, acting as the initial 

line of defense against potentially devastating blazes. 

These devices are engineered to detect the telltale 

signs of a fire in its nascent stages, providing early 

warnings that can be the difference between a minor 

incident and a catastrophic event. Functioning through 

various detection technologies, fire sensors play a vital 

role in safeguarding lives and property by enabling 

timely evacuation and the activation of fire 

suppression systems.    

Different types of fire sensors are designed to identify 

specific indicators of fire. Smoke detectors, perhaps 

the most common type, work by detecting the presence 

of smoke particles in the air, which can disrupt an 

optical beam or ionize air particles within the sensor. 

Heat detectors, on the other hand, trigger an alarm 

when the ambient temperature reaches a 

predetermined threshold or when there is a rapid 

increase in temperature, making them suitable for 

areas where smoke might not be immediately present, 

such as kitchens. Flame detectors utilize infrared or 

ultraviolet sensors to identify the unique radiation 

patterns emitted by flames, offering a swift response 

to open fires. Multi-sensor detectors combine two or 

more of these technologies to enhance detection 

accuracy and reduce the likelihood of false alarms.    

The importance of fire sensors cannot be overstated. 

Their ability to provide early detection allows 

occupants to evacuate buildings safely and swiftly, 

minimizing the risk of injury or loss of life. 

Furthermore, the prompt activation of fire alarms can 

alert emergency services quickly, enabling firefighters 

to reach the scene while the fire is still manageable, 

thus reducing property damage. In many jurisdictions, 

the installation of fire detection systems, including 

various types of fire sensors, is mandated by building 

codes to ensure a baseline level of safety in residential, 

commercial, and industrial premises. Regular testing 

and maintenance of these sensors are essential to 

guarantee their proper functioning and reliability in the 

event of a fire emergency. 

 

Figure 4: Fire Sensor 

 

 ESP 32 Camera: 

The ESP32-CAM is a compact and versatile 

development board that integrates an ESP32-S chip 

with an OV2640 camera module. This powerful 

combination allows for a wide range of Internet of 

Things (IoT) applications, particularly those involving 

image capture and processing. The ESP32-S module 

features a dual-core 32-bit LX6 microprocessor, 

supporting Wi-Fi and Bluetooth connectivity, making 

it ideal for wireless data transmission and control. Its 

low power consumption and small form factor make it 

suitable for battery-operated and space-constrained 

projects.    

The OV2640 camera module is capable of capturing 

images and video, enabling applications such as 

surveillance systems, image recognition, and remote 

monitoring. The board also includes a microSD card 

slot for local storage of captured media. With its 

accessible GPIO pins, the ESP32-CAM can be easily 

interfaced with other sensors and actuators, expanding 

its capabilities for diverse projects like smart home 

devices, industrial wireless control, and robotics.    

Programming the ESP32-CAM is typically done using 

the Arduino IDE, which requires installing the ESP32 

add-on. Example code for various functionalities, such 

as setting up a video streaming web server or capturing 

and saving photos, is readily available. The board can 
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be powered via a 5V micro USB connection or through 

its pin headers. Due to its integrated features and ease 

of use, the ESP32-CAM has become a popular choice 

for hobbyists, makers, and developers looking to 

incorporate imaging into their IoT projects. 

 

Figure 5: ESP 32 Camera 

 

Servo Motor: 

A servo motor is a sophisticated type of electric motor 

that incorporates a feedback mechanism to achieve 

precise control over its angular or linear position, 

velocity, and acceleration. Unlike regular motors that 

simply rotate continuously when powered, a servo 

motor operates as part of a closed-loop system. This 

system typically consists of the motor itself, a 

feedback device (such as an encoder or potentiometer), 

and a controller. The feedback device constantly 

monitors the motor's output, providing information 

about its current state back to the controller.    

The controller then compares this feedback with a 

desired command signal. If there's a discrepancy 

between the actual and desired values, the controller 

sends a corrective signal to the motor, prompting it to 

adjust its motion until the error is minimized or 

eliminated. This continuous feedback and adjustment 

loop is what enables servo motors to achieve their high 

degree of accuracy and responsiveness.    

Servo motors come in various types, primarily 

categorized by their power source (AC or DC) and the 

presence of brushes (brushed or brushless). AC servo 

motors are often favored in high-power industrial 

applications due to their robustness and ability to 

handle larger loads. DC servo motors, on the other 

hand, are commonly used in smaller, precision-based 

applications like robotics and small-scale automation, 

where precise control is paramount. 

 

Figure 6: Servo Motor 

 

Relay: 

A relay is essentially an electrically operated switch, 

acting as a crucial intermediary that allows a low-

power signal to control a separate, often high-power, 

circuit. At its core, a simple electromechanical relay 

consists of an electromagnet and a set of contacts. 

When an electrical current flows through the coil of 

the electromagnet, it generates a magnetic field. This 

magnetic field attracts a movable armature, which in 

turn causes the contacts to either close (making a 

connection) or open (breaking a connection) the 

secondary circuit. When the current to the coil is 

switched off, a spring mechanism returns the armature 

to its original position, and the contacts revert to their 

initial state.    

Relays come in various types, each designed for 

specific applications. Electromechanical relays 

(EMRs) are the most common, utilizing the physical 

movement of contacts. Solid-state relays (SSRs), on 

the other hand, employ semiconductor devices to 

perform the switching function, offering advantages 

like faster switching speeds and longer lifespans due 

to the absence of moving parts. Other types include 

reed relays, thermal relays, and latching relays, each 

with unique operating principles and characteristics 

suited for different needs.    

The versatility of relays makes them indispensable in 

a wide array of applications. In automotive systems, 

they control everything from headlights and starter 

motors to power windows. Industrial automation relies 

heavily on relays for controlling machinery and 

processes. Home appliances like washing machines 

and air conditioners use relays for switching power to 

different components. They are also critical in 

telecommunications, power distribution, and 

protecting electrical systems from overloads or faults. 
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The ability of a small current to control a large one, 

and to provide electrical isolation between control and 

load circuits, makes relays a fundamental building 

block in countless electronic and electrical systems. 

 

Figure 7: Relay 

 

III. RESULT 

 

 

 
 

IV. CONCLUSION 

 

In conclusion, the development of a smart surveillance 

robot utilizing the Arduino Uno as its central 

controller, augmented by a suite of sensors and 

actuators, demonstrates a cost-effective and adaptable 

solution for enhanced security and monitoring. The 

integration of the ultrasonic sensor enables obstacle 

avoidance, ensuring autonomous navigation within 

defined environments. The inclusion of a fire sensor 

provides an early warning system for potential 

hazards, triggering appropriate responses via the relay 

and pump for localized fire suppression. 

The servo motor facilitates dynamic directional 

scanning, expanding the robot's field of view. 

Furthermore, the ESP32 camera module streams real-

time video feeds to a dedicated web portal, granting 

users remote visual access and control. The motor 

driver ensures precise movement of the robot, while a 

stable power supply guarantees consistent operation. 

The web portal interface provides a user-friendly 

platform for monitoring and intervention. While this 

prototype offers a robust foundation, future work 

could explore advanced features such as object 

recognition, facial detection, and more sophisticated 

autonomous behaviors, further enhancing its utility in 

diverse surveillance applications. The modular design 

allows for easy expansion and customization, paving 

the way for future iterations with increased 

functionality and intelligence. 
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