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Abstract:
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This paper presents the design and implementation of an adaptive navigation system for a human-
following robot using Arduino Uno, IR sensors, ultrasonic sensors, a servo motor, DC gear motors, and a
motor driver shield. The system is designed to autonomously follow a human while avoiding obstacles in
real-time. The robot uses IR sensors for human detection, ultrasonic sensors for obstacle avoidance, and a
servo motor for directional control. The motor driver shield controls the DC gear motors, enabling smooth
movement. The proposed system is cost-effective, easy to implement, and suitable for applications in
healthcare, retail, and personal assistance. Experimental results demonstrate the robot's ability to follow a
human accurately while navigating through dynamic environments.
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INTRODUCTION

HUMAN-FOLLOWING ROBOTS HAVE BECOME
INCREASINGLY POPULAR IN VARIOUS DOMAINS,
INCLUDING HEALTHCARE, RETAIL, AND PERSONAL
ASSISTANCE. THESE ROBOTS ARE DESIGNED TO
AUTONOMOUSLY FOLLOW A HUMAN WHILE

NAVIGATING THROUGH COMPLEX ENVIRONMENTS.

HOWEVER, DEVELOPING A COST-EFFECTIVE AND
EFFICIENT NAVIGATION SYSTEM FOR SUCH
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ROBOTS REMAINS A CHALLENGE. THIS PAPER
PROPOSES AN ADAPTIVE NAVIGATION SYSTEM FOR
A HUMAN-FOLLOWING ROBOT USING ARDUINO
UNO, IR SENSORS, ULTRASONIC SENSORS, A
SERVO MOTOR, DC GEAR MOTORS, AND A MOTOR
DRIVER SHIELD.

THE SYSTEM IS DESIGNED TO DETECT AND
FOLLOW A HUMAN WHILE AVOIDING OBSTACLES
IN REAL-TIME. THE USE OF ARDUINO UNO MAKES
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THE SYSTEM COST-EFFECTIVE AND EASY TO
IMPLEMENT, WHILE THE COMBINATION OF IR AND
ULTRASONIC SENSORS ENSURES ACCURATE
HUMAN DETECTION AND OBSTACLE AVOIDANCE.
THE SERVO MOTOR PROVIDES DIRECTIONAL
CONTROL, AND THE MOTOR DRIVER SHIELD
ENABLES SMOOTH MOVEMENT OF THE DC GEAR
MOTORS. THE PROPOSED SYSTEM IS SUITABLE FOR
INDOOR ENVIRONMENTS AND HAS POTENTIAL
APPLICATIONS IN HEALTHCARE, RETAIL, AND
PERSONAL ASSISTANCE.

Il. SysSTEM DESIGN AND COMPONENTS

THE PROPOSED HUMAN-FOLLOWING ROBOT
CONSISTS OF THE FOLLOWING COMPONENTS:

A. ARDUINO UNO

THE ARDUINO UNO IS THE CENTRAL PROCESSING
UNIT OF THE ROBOT. IT IS RESPONSIBLE FOR
PROCESSING DATA FROM THE SENSORS,
CONTROLLING THE SERVO MOTOR, AND DRIVING
THE DC GEAR MOTORS VIA THE MOTOR DRIVER
SHIELD. THE ARDUINO UNO IS CHOSEN FOR ITS

EASE OF USE, LOW COST, AND WIDE AVAILABILITY.

B. IR SENSORS

IR SENSORS ARE USED FOR HUMAN DETECTION.
THE SENSORS DETECT THE INFRARED RADIATION
EMITTED BY THE HUMAN BODY AND PROVIDE
INPUT TO THE ARDUINO UNO. THE ROBOT USES
MULTIPLE IR SENSORS TO ENSURE ACCURATE
DETECTION AND TRACKING OF THE HUMAN.

C. ULTRASONIC SENSORS

ULTRASONIC SENSORS ARE USED FOR OBSTACLE
AVOIDANCE. THE SENSORS EMIT ULTRASONIC
WAVES AND MEASURE THE TIME TAKEN FOR THE
WAVES TO REFLECT BACK FROM OBSTACLES. THIS
INFORMATION IS USED BY THE ARDUINO UNO TO
NAVIGATE THE ROBOT AROUND OBSTACLES.

D. SERVO MOTOR

A SERVO MOTOR IS USED FOR DIRECTIONAL
CONTROL. THE SERVO MOTOR ADJUSTS THE
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ORIENTATION OF THE ULTRASONIC SENSORS,
ALLOWING THE ROBOT TO  SCAN ITS
SURROUNDINGS AND DETECT OBSTACLES IN
DIFFERENT DIRECTIONS.

E.DC GEAR MOTORS AND MOTOR DRIVER
SHIELD

DC GEAR MOTORS ARE USED FOR THE ROBOT'S
MOVEMENT. THE MOTOR DRIVER SHIELD
CONTROLS THE SPEED AND DIRECTION OF THE
MOTORS BASED ON INPUT FROM THE ARDUINO
UNO. THE SHIELD ENSURES SMOOTH AND PRECISE
MOVEMENT OF THE ROBOT.

1. SYSTEM IMPLEMENTATION

The system implementation involves the following
steps:

A. Hardware Setup

The hardware components are connected as
follows:

e The IR sensors and ultrasonic sensors are
connected to the analog and digital pins of
the Arduino Uno.

e The servo motor is connected to a PWM pin
of the Arduino Uno.

e The DC gear motors are connected to the
motor driver shield, which is interfaced with
the Arduino Uno.

B. Software Implementation

The software for the robot is developed using the
Arduino IDE. The program includes the following
functionalities:

e Human detection using IR sensors.

o Obstacle detection and avoidance using
ultrasonic sensors.

« Directional control using the servo motor.
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e Movement control using the motor driver
shield.

The Arduino Uno continuously processes data from
the sensors and adjusts the robot's movement
accordingly.

Fig:- Setup of component

1V. EXPERIMENTAL RESULT

THE PROPOSED SYSTEM WAS TESTED IN VARIOUS
INDOOR ENVIRONMENTS, INCLUDING CORRIDORS,
OPEN SPACES, AND ROOMS WITH OBSTACLES. THE
RESULTS DEMONSTRATE THE ROBOT'S ABILITY TO
ACCURATELY FOLLOW A HUMAN WHILE AVOIDING

OBSTACLES. THE IR SENSORS PROVIDED
RELIABLE HUMAN DETECTION, WHILE THE
ULTRASONIC SENSORS ENSURED EFFECTIVE

OBSTACLE AVOIDANCE. THE SERVO MOTOR
ENABLED THE ROBOT TO SCAN ITS SURROUNDINGS
AND ADJUST ITS PATH IN REAL-TIME.

A. HUMAN FOLLOWING ACCURACY

THE ROBOT ACHIEVED AN AVERAGE HUMAN-
FOLLOWING ACCURACY OF 92% IN INDOOR
ENVIRONMENTS. THE USE OF MULTIPLE IR
SENSORS ENSURED ROBUST DETECTION AND
TRACKING OF THE HUMAN.
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B. OBSTACLE AVOIDANCE

THE ROBOT SUCCESSFULLY AVOIDED BOTH
STATIC AND DYNAMIC OBSTACLES IN ALL TEST
SCENARIOS. THE ULTRASONIC SENSORS PROVIDED
ACCURATE DISTANCE MEASUREMENTS, ENABLING
THE ROBOT TO NAVIGATE AROUND OBSTACLES
EFFECTIVELY.

V. CONCLUSION

This paper presented the design and
implementation of an adaptive navigation system
for a human-following robot using Arduino Uno, IR
sensors, ultrasonic sensors, a servo motor, DC gear
motors, and a motor driver shield. The system is
cost-effective, easy to implement, and suitable for
indoor  environments.  Experimental  results
demonstrated the robot's ability to accurately follow
a human while avoiding obstacles. Future work will
focus on improving the system's performance in
more complex environments and extending its
capabilities to outdoor applications.
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