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ABSTRACT

This paper presents the design and implementation of an Arduino-based range finder system
integrated with a servo motor for directional scanning and location awareness. The primary
objective of the project is to measure the distance of objects in different directions by rotating
a sensor using a servo motor while also enabling the system to access its geographical
location through a GPS module. In this system, the Arduino microcontroller acts as the
central processing unit, interfacing with an ultrasonic sensor to measure distance and a servo
motor to rotate the sensor across a defined angular range. The ultrasonic sensor continuously
detects obstacles by calculating the time taken for sound waves to reflect from objects.
Simultaneously, a GPS module is used to obtain real-time latitude and longitude coordinates
of the system, enhancing its tracking capability.

The servo motor enables 180-degree scanning, allowing the system to collect distance data
from multiple directions, which can be used for obstacle detection and environmental
mapping. The combination of range finding and location tracking makes the system suitable
for applications such as robotic navigation, surveillance systems, and smart obstacle
detection. The proposed system is cost-effective, easy to implement, and efficient in real-time
operation. Experimental results demonstrate reliable distance measurement and smooth
servo-based scanning. This project highlights the practical use of Arduino in integrating
sensing, motion control, and location tracking for intelligent embedded system applications.
1. INTRODUCTION

In recent years, the development of embedded systems and automation technologies has
significantly increased in various fields such as robotics, surveillance, and navigation. One of
the key requirements in these applications is the ability to detect obstacles and measure
distances accurately while also maintaining awareness of the system’s geographical position.
Range finder systems play a crucial role in such applications by enabling real-time distance
measurement and environmental sensing.

This project focuses on the design and implementation of an Arduino-based range finder
system that integrates an ultrasonic sensor, a servo motor, and a GPS module. The ultrasonic
sensor is used to measure the distance of nearby objects by transmitting ultrasonic waves and
calculating the time taken for the echo to return. To extend the sensing capability over a
wider area, a servo motor is used to rotate the sensor across different angles, allowing
directional scanning of the surroundings.

In addition to distance measurement, the system incorporates a GPS module to obtain real-
time location data in terms of latitude and longitude. This feature enhances the functionality
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of the system by enabling location tracking along with obstacle detection. The Arduino
microcontroller serves as the central unit that processes sensor data, controls the servo motor
using Pulse Width Modulation (PWM), and manages communication between all
components.

The main objective of this project is to develop a cost-effective, efficient, and reliable system
capable of scanning the environment, detecting obstacles, and providing location-based
information. Such a system has wide applications in autonomous robots, smart vehicles,
defence systems, and environmental monitoring. By combining range finding, motion
control, and location tracking, this project demonstrates the practical implementation of an
intelligent embedded system.

2. SYSTEM OVERVIEW

The proposed system is an Arduino-based range finder integrated with a servo motor for
directional scanning and a GPS module for real-time location tracking. The system is
designed to detect obstacles, measure distances in multiple directions, and provide the
geographical position of the device. The Arduino microcontroller acts as the central unit that
coordinates all operations, including sensor data processing, servo control, and
communication between modules.

2.1 Overall System Architecture

The system consists of three main units: sensing unit, control unit, and output unit. The
ultrasonic sensor acts as the sensing unit, which detects the distance of objects. The Arduino
microcontroller serves as the control unit, processing the data and generating control signals.
The servo motor and GPS module together form the output unit, enabling directional
scanning and location tracking.

2.2 Working Modules

The system is divided into the following functional modules:

* Distance Measurement Module:

Uses an ultrasonic sensor to measure the distance between the system and nearby objects by
calculating echo time.

* Servo Motor Control Module:

Controls the rotation of the ultrasonic sensor across a specific angular range (usually 0° to
180°) using PWM signals generated by the Arduino.

* Location Tracking Module:

Uses a GPS module to obtain real-time latitude and longitude coordinates of the system.

* Processing and Control Module:

The Arduino processes input data from the ultrasonic sensor and GPS module and
accordingly controls the servo motor and outputs the results.

2.3 Data Flow of the System

The operation of the system follows a sequential data flow:

1. The ultrasonic sensor sends a trigger signal and receives the echo signal.

2. The Arduino calculates the distance based on the time delay.

3. The servo motor rotates the sensor to scan different directions.

4. The GPS module continuously provides location data.
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5. The Arduino processes all inputs and generates the final output (distance + direction +
location).

2.4 Key Features of the System

* Real-time distance measurement

* 180-degree directional scanning

* Integration of GPS for location tracking

« Simple and cost-effective design

* Suitable for real-time embedded applications

4. COMPONENTS USED

The proposed system is built using several hardware components that work together to
achieve distance measurement, directional scanning, and display of results. The main
components used in this project are explained below:

3.1 Arduino Microcontroller

The Arduino microcontroller acts as the central processing unit of the system. It is
responsible for controlling all operations, including reading sensor data, processing inputs,
and generating output signals. The Arduino receives distance data from the sensor and
location data from the GPS module, then processes this information to control the servo
motor using Pulse Width Modulation (PWM). It also sends output data to the display unit.
The Arduino is preferred due to its simplicity, flexibility, and ease of programming.

3.2 LCD Display

The LCD display is used to show the output of the system, such as measured distance and
other relevant data. Typically, a 16x2 LCD is used, which can display 16 characters per line
across two lines. It provides a simple and effective way for users to view real-time
information generated by the Arduino. The display is interfaced with the Arduino using
digital pins.

SR Un

'''''

3.3 Servo Motor
The servo motor is used to rotate the sensor or laser module across a specific angular range,
usually from 0° to 180°. It enables directional scanning of the environment. The position of
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the servo motor is controlled by PWM signals generated by the Arduino. This allows precise

control over the angle of rotation, making it suitable for applications requiring accurate
positioning.

180°Rotation

Input model pulse width Rotation angle

1S

)An?

3.4 Battery (Power Supply)

The battery provides the necessary power supply to the entire system. It ensures that the
Arduino, sensors, servo motor, and display operate properly. A portable battery source makes
the system independent and suitable for field applications. Proper voltage regulation is
important to ensure stable performance of all components.

3.5 Laser Module

The laser module is used to indicate or point toward the detected object or direction. It
enhances the visualization of the system by showing the exact direction in which the object is
detected. When mounted along with the servo motor, the laser moves along with it, providing
a clear indication of the scanning direction. This makes the system more interactive and
useful in applications like targeting, alignment, and demonstration purposes.

4. SOFTWARE IMPLEMENTATION
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The software implementation of the proposed system is carried out using the Arduino
Integrated Development Environment (IDE). The program is written in embedded C/C++ and
is responsible for controlling the servo motor, processing sensor data, and displaying the
output. The Arduino code ensures proper communication between all hardware components
and enables real-time operation of the system.

4.1 Programming Environment

The Arduino IDE is used to write, compile, and upload the program to the Arduino
microcontroller. It provides a user-friendly interface and supports various libraries required
for interfacing components such as the servo motor and LCD display. Libraries like <Servo>
and <Liquid Crystal> are used to simplify coding and improve functionality.

4.2 Algorithm of the System

The working of the system is based on a simple step-by-step algorithm:

Initialize all components (LCD, servo motor, sensor, and GPS module).

Set the initial position of the servo motor (e.g., 0°).

Rotate the servo motor step-by-step within the defined range (0° to 180°).

At each position, activate the sensor to detect distance or object presence.

Read the GPS module data to obtain latitude and longitude.

Process the sensor data and calculate distance (if applicable).

Display the measured distance and/or location on the LCD screen.

8. Repeat the scanning process continuously.

4.3 Servo Motor Control Logic

The servo motor is controlled using Pulse Width Modulation (PWM) signals generated by the
Arduino. The angle of rotation is determined by varying the pulse width. The program is
designed to rotate the servo motor smoothly across a predefined angular range, enabling
directional scanning of the environment. Delay functions are used to ensure stable movement
and accurate readings at each position.

4.4 Sensor and Data Processing

The sensor (ultrasonic or laser-based) is used to detect objects and measure distance. The
Arduino sends a trigger signal and calculates the time taken for the signal to return. Based on
this time, the distance is computed. The data is then processed and formatted for display.
Simultaneously, GPS data is read and decoded to obtain real-time location information.

4.5 LCD Display Handling

The LCD display is interfaced with the Arduino to show output data such as distance, angle,
or location coordinates. The program updates the display in real time as new data is received.
Proper formatting is used to ensure that the information is clear and easy to read.

4.6 Program Flow Control

The entire system operates in a continuous loop, where scanning, data collection, and display
processes are repeated. Conditional statements and loops are used to control the sequence of
operations. The program ensures synchronization between servo movement, sensor readings,
and data display to achieve efficient system performance.

4.7 Error Handling and Optimization

Basic error handling techniques are implemented to ensure stable operation. For example:

. Ignoring invalid sensor readings

Nowvk D=
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. Ensuring proper GPS signal availability

. Adding delays for accurate measurements

This improves the reliability and accuracy of the system.

5. WORKING PRINCIPLE

The working principle of the proposed system is based on the integration of distance
measurement, directional scanning using a servo motor, and real-time location tracking using
a GPS module. The Arduino microcontroller acts as the central unit that coordinates all
operations and ensures smooth functioning of the system.

5.1 System Initialization

When the system is powered ON, the Arduino initializes all connected components, including
the servo motor, LCD display, sensor module, and GPS module. The servo motor is set to its
initial position (usually 0°), and the LCD displays a startup message indicating that the
system is ready.

5.2 Directional Scanning Using Servo Motor

The servo motor rotates the sensor and laser module across a predefined angular range (0° to
180°). This movement allows the system to scan different directions. The Arduino sends
PWM signals to control the exact position of the servo motor at each step.

5.3 Distance Measurement

At each angular position, the sensor (ultrasonic or laser-based) measures the distance of
nearby objects.

. In case of an ultrasonic sensor, sound waves are transmitted and the time taken for the
echo to return is measured.
. The Arduino calculates the distance using this time delay.

This process is repeated continuously for multiple angles to cover a wide area.

5.4 Location Tracking Using GPS

Simultaneously, the GPS module receives signals from satellites and provides real-time
location data in terms of latitude and longitude. The Arduino reads and processes this data to
determine the current position of the system.

5.5 Data Processing and Output Display

The Arduino processes both distance and location data and sends the relevant information to
the LCD display. The display shows values such as:

. Distance of detected object
. Angle (direction) of detection
. Location coordinates (if required)

5.6 Laser Indication

The laser module, mounted along with the servo motor, points in the same direction as the
sensor. As the servo rotates, the laser indicates the exact direction in which the object is
detected, providing a visual representation of scanning.

5.7 Continuous Operation

The entire process of scanning, measuring, tracking, and displaying is repeated in a
continuous loop. This ensures real-time operation of the system, allowing it to constantly
monitor its surroundings and update information dynamically.

6. WORKING MECHANISM
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The working mechanism of the proposed system begins with powering the entire setup
through a switch, which supplies electrical energy to all the components including the
Arduino microcontroller, servo motor, sensor module, laser module, and LCD display.

Once the system is powered ON, the laser module is activated and emits a laser beam in the
forward direction. This laser beam acts as a visual indicator to represent the direction in
which the system is currently scanning. Along with this, the ultrasonic sensor is triggered to
detect the presence of objects in front of it.

The ultrasonic sensor operates by transmitting ultrasonic waves and receiving the reflected
echo signals from nearby objects. Based on the time taken for the echo to return, the Arduino
calculates the distance of the object. This calculated distance is then processed and displayed
on the LCD display module in real time, allowing the user to observe the measured values.
Simultaneously, the servo motor plays a crucial role in locating the position of the object. The
Arduino sends Pulse Width Modulation (PWM) signals to the servo motor, causing it to rotate
the sensor and laser module across a predefined angular range. As the servo rotates, the
system scans different directions and detects objects at various angles.

By combining the angle of the servo motor with the measured distance, the system can
determine the relative position of the object. At the same time, the GPS module (if integrated)
provides the geographical location of the system, enhancing its tracking capability.

Thus, the system continuously performs scanning, detection, and display operations in a loop,
enabling real-time range finding and directional positioning of objects.

7. RESULTS AND ANALYSIS

The developed Arduino-based range finder system with servo-controlled scanning and
location tracking was successfully implemented and tested under different conditions. The
system demonstrated reliable performance in terms of distance measurement, directional
scanning, and real-time data display.

7.1 Distance Measurement Performance

The ultrasonic sensor was able to accurately measure the distance of objects placed at various
ranges. The measured values were displayed on the LCD screen in real time. It was observed
that the system provided stable and consistent readings within the effective range of the
sensor. Minor variations were noticed due to environmental factors such as surface type and
angle of reflection.

7.2 Servo Motor Scanning Performance

The servo motor successfully rotated the sensor and laser module across the defined angular
range (0° to 180°). The scanning process was smooth and continuous, allowing the system to
detect objects in multiple directions. The synchronization between servo movement and
sensor readings ensured that distance measurements were taken accurately at each (angle).

7.3 Laser Indication Accuracy

The laser module effectively indicated the direction in which the system was scanning. As the
servo motor rotated, the laser beam moved accordingly, providing a clear visual
representation of the scanning direction and detected object position. This improved the
usability and demonstration of the system.

7.4 LCD Display Output
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The LCD display showed real-time distance values clearly and without significant delay. The
output was stable and readable, allowing the user to monitor the system easily. The
integration between the Arduino and LCD module functioned efficiently throughout the
operation.

7.5 Location Tracking (GPS Performance)

The GPS module was able to provide real-time latitude and longitude coordinates of the
system. However, slight delays were observed in acquiring the initial GPS signal, which is a
common characteristic of GPS-based systems. Once connected, the location data remained
stable and accurate for tracking purposes.

7.6 Overall System Performance

The overall system operated efficiently by combining distance measurement, directional
scanning, and location tracking. The synchronization between all components—  ultrasonic
sensor, servo motor, laser module, GPS module, and LCD display—was successfully
achieved. The system continuously performed scanning and updating operations in real time
without major errors.

7.7 Observations

. Accurate distance measurement within sensor range
. Smooth servo-based scanning mechanism

. Clear directional indication using laser module

. Reliable display of output on LCD

. Functional GPS-based location tracking

7.8 Limitations Observed

. Slight variation in distance due to surface reflection
. Delay in GPS signal acquisition

. Limited range of ultrasonic sensor

8. CONCLUSION

The proposed Arduino-based range finder system with servo motor scanning and location
tracking has been successfully designed and implemented. The system can measure the
distance of objects using an ultrasonic sensor while simultaneously scanning different
directions with the help of a servo motor. The integration of a laser module provides a clear
visual indication of the scanning direction, making the system more interactive and easier to
understand.

The Arduino microcontroller efficiently coordinates all components, including the sensor,
servo motor, GPS module, and LCD display. The system demonstrates reliable performance
in real-time distance measurement, smooth directional scanning, and clear data display.
Additionally, the GPS module enhances the functionality by providing location information,
making the system more advanced and practical.

Overall, the project achieves its objective of combining range finding, motion control, and
location tracking into a single, cost-effective and efficient embedded system. This system can
be effectively used in applications such as obstacle detection, robotic navigation, and
surveillance systems.
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9. FUTURE SCOPE

Although the system performs effectively, several enhancements can be made to improve its
performance and extend its applications:

* Integration with IOT

The system can be connected to the internet to enable remote monitoring and control through
mobile or web applications.

* Improved Sensors:

Replacing the ultrasonic sensor with more advanced sensors like LiDAR can increase
accuracy and range.

* 3D Scanning Capability:

By adding an additional servo motor, the system can be upgraded to perform 3D
environmental scanning.

* Mobile Robot Integration:

The system can be mounted on a robot or vehicle for autonomous navigation and obstacle
avoidance.

* Data Logging and Mapping:

Distance and location data can be stored and used to create maps of the surroundings.

* Enhanced Display System:

A graphical display or mobile interface can be used instead of a simple LCD for better
visualization.
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