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Abstract - Swarm robotics leverages the collective behavior
of decentralized, self-organized systems to perform tasks that
are too complex or time-consuming for a single autonomous
agent. This project presents a framework for multi-robot
coordination utilizing a robust master-slave architecture to
ensure synchronized movement and task execution. At the core
of each robotic unit is a PIC microcontroller, selected for its
efficient processing capabilities, real-time control, and
seamless integration with peripheral hardware.

To achieve dynamic collaboration, the system relies on Radio
Frequency (RF) communication to establish a reliable, low-
latency network between the master controller and the slave
robots. The master robot is responsible for processing high-
level objectives and broadcasting precise navigational
commands via RF modules. The slave robots receive these
signals and drive their DC motors accordingly to maintain
formation and execute localized movements.

The embedded control logic and communication protocols are
developed using C programming within the MPLAB
environment, ensuring highly optimized, hardware-level
execution. This coordinated approach demonstrates a scalable
and fault-tolerant method for robotic collaboration, offering
significant potential for real-world applications such as
automated environmental exploration, search and rescue
operations in hazardous environments, and decentralized
industrial automation.

Key Words: Multi-Robot Coordination, Swarm Robotics,
Cooperative Control, Distributed Algorithms, Multi-Agent
Systems, Autonomous Navigation, Task Allocation, Collision
Avoidance, and Swarm Intelligence.

1.INTRODUCTION

Swarm robotics is an emerging field of robotics that focuses on
the coordination and cooperation of multiple robots to perform
tasks efficiently. It is inspired by the collective behavior of
natural systems, such as ants, bees, birds, and fish, which work
together to achieve common goals. Instead of relying on a single
complex robot, swarm robotics uses several simple autonomous
robots that communicate and cooperate with one another to
complete tasks.

Multi-robot coordination is an important part of swarm robotics.
It allows multiple robots to share information, divide tasks,
avoid collisions, plan paths, and work together in a coordinated
manner. Each robot can use sensors, communication modules,

and control algorithms to understand its surroundings and make
decisions. By following predefined rules and exchanging
information, the robots can achieve collective behavior without
requiring a central controller for every decision.

The main objective of multi-robot coordination is to improve
the efficiency, reliability, flexibility, and performance of robotic
systems. If one robot fails, other robots may continue
performing the assigned task. This makes swarm robotics
suitable for applications where a single robot may be
insufficient, expensive, or inefficient.

Swarm robotics has applications in various fields, including
agriculture, industrial automation, warehouse management,
disaster rescue operations, environmental monitoring, military
surveillance, space exploration, and search-and-rescue
missions. For example, multiple robots can search a disaster-
affected area simultaneously, while coordinating their
movements to cover a larger region in less time.

The development of artificial intelligence, machine learning,
wireless communication, and advanced sensors has improved
the capabilities of multi-robot systems. Technologies such as
the Robot Operating System (ROS), Bluetooth, Wi-Fi, and
Zigbee can support robot communication and coordination,
depending on the system requirements.

However, several challenges remain in swarm robotics,
including communication delays, limited battery life, obstacle
avoidance, task distribution, localization errors, and
maintaining coordination when individual robots fail.

Effective coordination algorithms are required to overcome
these challenges and ensure safe and efficient operation.
Therefore, the project Multi Robot Coordination for Swarm
Robotics focuses on understanding how multiple robots can
communicate, cooperate, and coordinate their movements to
accomplish a common objective.

The system aims to demonstrate the principles of collective
intelligence, autonomous decision-making, task allocation, and
cooperative navigation. This project provides a foundation for
developing intelligent robotic systems capable of performing
complex tasks with improved efficiency, scalability, and
reliability.

2. Body of Paper

2.1 Overview of Solar Tracking Systems

Multi Robot Coordination for Swarm Robotics is a robotic
system in which multiple robots work together to perform a
common task. The system is inspired by the collective behavior
of social insects, such as ants and bees, where individual
members follow simple rules to achieve complex goals as a
group.

In swarm robotics, each robot operates as an individual unit with
its own sensors, controller, actuators, and communication
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capabilities. The robots exchange information with one another
or respond to their surroundings to coordinate their actions.
Depending on the system design, coordination can be achieved
through centralized control, decentralized control, or distributed
algorithms.

2.2 Working Principle of Dual Axis Solar Tracking System
The working principle of Multi Robot Coordination for Swarm
Robotics is based on the cooperation and coordination of
multiple autonomous robots to achieve a common objective.
Each robot is equipped with sensors, a microcontroller, motors,
apower supply, and a wireless communication module. Initially,
the robots sense their surrounding environment and collect
information about obstacles, nearby robots, and their positions.
This information is processed by the control system using
predefined algorithms to determine the appropriate actions. The
robots communicate with one another to share information,
allocate tasks, coordinate movements, and avoid collisions.
Depending on the application, the robots may follow a leader or
make decisions independently using a decentralized control
approach.

They work simultaneously to complete tasks such as searching
an area, transporting materials, monitoring the environment, or
navigating through obstacles. If an obstacle is detected or a
robot fails, the coordination algorithm can adjust the movement
or redistribute tasks among the remaining robots. Thus, multi-
robot coordination enables a group of robots to perform
complex tasks efficiently, reliably, and cooperatively with
minimal human intervention.
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Fig: Block Diagram

2.3 Major Components of the System

2.3.1 PIC Microcontrollers

A PIC (Peripheral Interface Controller) microcontroller is a
programmable integrated circuit developed by Microchip
Technology. It is used to control electronic devices and
embedded systems by processing input signals, executing
programmed instructions, and generating output signals. PIC
microcontrollers are widely used in automation, robotics,
industrial control, sensor systems, and communication
applications.

Fig: PIC Microcontrollers

2.3.2 DC Motors

A DC motor (Direct Current Motor) is an electromechanical
device that converts direct-current electrical energy into
mechanical energy. It produces rotational motion that can be
used to move robotic wheels, conveyor belts, and other
mechanical systems. In swarm robotics, DC motors are essential
components because they enable individual robots to move,
turn, and coordinate their movements with other robots.

Fig: DC Motor

2.3.3 RF Transmitter

A RF (Radio Frequency) Transmitter is an electronic device that
transmits data wirelessly using radio waves. It is used in
communication systems to send information from one device to
another without requiring a physical connection. In multi-robot
coordination for swarm robotics, an RF transmitter can send
commands, status information, sensor readings, and
coordination messages between robots or from a central
controller to individual robots.
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Fig: RF Transmitter

2.3.4 RF Receiver

A RF (Radio Frequency) Receiver is an electronic device that
receives wireless signals transmitted by an RF transmitter and
converts them into usable data. It is commonly used in wireless
communication, remote-control systems, automation, and
robotics. In multi-robot coordination for swarm robotics, an RF
receiver enables a robot to receive movement commands, task
assignments, and status information from a central controller or
another robot.
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Fig: RF Transmitter

2.3.5 Coil Antennas

A coil antenna is a type of antenna made by winding a
conductive wire into a coil shape. It is used to transmit or
receive electromagnetic signals in wireless communication
systems. Coil antennas are commonly used in radio-frequency
(RF) circuits, RFID systems, remote controls, and compact
electronic devices. In multi-robot coordination for swarm
robotics, a suitable coil antenna can support wireless signal
transmission and reception, depending on its design and
operating frequency.

Fig: Coil Antennas

2.4 System Architecture and Control Algorithm of Multi
Robot Coordination for Swarm Robotics describes the
arrangement of hardware and software components that enable
multiple robots to communicate, coordinate, and perform tasks
collectively. The system consists of PIC microcontrollers,
sensors, DC motors, motor driver circuits, RF transmitters, RF
receivers, and coil antennas. Each robot operates as an
individual unit and exchanges information with other robots or
a central controller through wireless communication.

The PIC microcontroller acts as the main control unit of each
robot. It receives input signals from sensors and wireless
communication modules, processes the information according
to the programmed control algorithm, and generates output
signals for controlling the motors. RF transmitters and receivers
provide wireless data exchange, while compatible antennas
support signal transmission and reception. Sensors help robots
detect obstacles and understand their surroundings. The motor
driver supplies the current required to operate the DC motors,
allowing the robots to move forward, reverse, turn, and stop. By
combining sensing, communication, and motion control, the
system enables multiple robots to perform cooperative tasks.

Flow Chart - Multl Robot Coordination
For Swarm Robotics

Fig: Flowchart

The basic control algorithm follows these steps:
1. Initialize the PIC microcontroller, sensor
inputs, RF transmitter and receiver, and DC motor
control system.

2. Read the sensor values to detect obstacles and
collect information about the surrounding
environment.

3. Receive wireless data and coordination
messages from other robots or the central controller.
4. Process the sensor readings and received

messages to determine the robot's current status and
assigned task.

5. Compare the sensor readings with predefined
threshold values to identify obstacles or changes in the
environment.

6. Adjust the motor speed and direction when an
obstacle is detected or a movement correction is
required.

7. Coordinate robot movements and task
execution by exchanging information with other
robots.

8. Transmit the robot's
information when required.

9. Repeat the process continuously while
ensuring safe movement, obstacle avoidance, and
compliance with the robot's movement limits.

status and task

This feedback-based method enables the system to respond to
changes in sunlight direction. However, sensor calibration,

suitable tolerance settings, motor response time, and
mechanical accuracy influence the overall tracking
performance.

2.5 Performance Evaluation

The performance of a multi-robot coordination system for
swarm robotics can be evaluated by analyzing the efficiency of
multiple robots working together and comparing their
performance with individual robot operation under similar
conditions. Important parameters include task completion time,
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task success rate, communication reliability, coordination
efficiency, obstacle avoidance accuracy, movement accuracy,
and power consumption.

The task completion time is the total time required for the
robots to complete an assigned task. The task success rate can
be calculated using:

N
Task Success Rate = ﬁs x 100
t

However, multi-robot coordination systems have certain
limitations. They require additional hardware, communication
modules, sensors, batteries, and maintenance for each robot.
Wireless communication can be affected by signal interference,
obstacles, and limited transmission range. Coordinating
multiple robots also increases the complexity of control
algorithms and collision avoidance. Sensor errors, motor
variations, and battery limitations may affect overall
performance. Therefore, reliable communication protocols,

Where, efficient task allocation, suitable sensor calibration, collision-
avoidance algorithms, and effective power management are
. N; = Number of successfully completed important for reliable operation.
tasks
. N, = Total number of assigned tasks Single Centralized | Decentralized
The communication reliability of the system can be measured Parameter Robot Multi-Robot | Swarm
by comparing the number of successfully received messages System Robotics
with the total number of messages transmitted.
M Number  of | One Multiple Multiple
Communication Reliability = ﬁr x 100 robots
t
Where: . Coordinated
. ; M, = Number of messages successfully Individual E}(,)Of:mg;(tlral through local
receive
. M= Total number of messages transmitted Movement control controller Zilrzsr;?i catio
The improvement in task completion time can be calculated by n
comparing the time required by a single robot with the time - -
required by the coordinated robot swarm. Task execution | Sequentia Tasks T?Sk§
' T, — T, 1 or| ssioned distributed
Time Improvement = —— X 100 individual £ among robots
s centrally
Where:
o T,= Task completion time for a single robot System Low Moderate to | Moderate to
. T,, = Task completion time for multiple complexity high high
coordinated robots Initial cost Relatively | High Depends  on
For practical testing, the robots should perform the same or low robot  count
comparable tasks under similar environmental conditions. and hardware
Measurements should be repeated several times to account for C ) C ]
variations in obstacle placement, communication interference, ontro One entra Individual
sensor readings, and battery voltage. The system should also be system controller controller and robot
tested with different numbers of robots to evaluate scalability robot controllers
and coordination performance. controllers
The overall benefit of multi-robot coordination should account .. | May not | Centralized Robot-to-
for the time saved, successful task execution, communication Communicati be communicati robot or loc'al
overhead, and additional energy consumed by the robots. The on required | on communicatio
results can be used to determine whether cooperation improves n
system performance compared with individual robot operation.
Actual experimental measurements are necessary to validate Managed M d
the effectiveness of the proposed swarm robotics system. Collision B through anage
avoidance etween ntral throggh local
2.6 Advantages and Limitations robot and CT ) d sensing and
The major advantage of a multi-robot coordination system is its obstacles foiZln :::isinan coordination
ability to use multiple autonomous robots to perform tasks & | rules
cooperatively, potentially improving efficiency and reducing Can be
task completion time compared with a single robot. Each robot Limited expanded,
can collect sensor data, communicate through RF modules, and by one Depends  on subject to
execute commands using a PIC microcontroller and motor . . central .

, . . . . Scalability robot's communicati
driver. The system also provides practical experience in capabiliti controller on and
embedded systems, wireless communication, sensor capacity L
interfacing, motor control, and autonomous navigation. Such es coor dination
systems are useful for educational demonstrations, industrial Limits
automation, warehouse operations, environmental monitoring,
and search-and-rescue research.
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Table 1. Comparison of Fixed, Single-Axis, and Dual-Axis
Solar Tracking Systems
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manufacturi | obstacle and .
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search

Table 2. Comparison of Centralized, Decentralized, and
Distributed Multi-Robot Coordination Methods

2.7 Applications and Future Scope

Multi-robot coordination in swarm robotics can be used in
industrial automation, warchouse management, agriculture,
search and rescue operations, environmental monitoring, and
educational research laboratories. The system can be further
improved by incorporating Al-based decision-making, IoT-
based monitoring, wireless data transmission, real-time status
tracking, and remote performance analysis. Additional
improvements may include advanced sensors, -efficient
communication protocols, intelligent task allocation, collision-
avoidance algorithms, and energy-efficient motor control.
Future developments should focus on balancing coordination
accuracy, communication reliability, energy consumption,
system cost, and robot performance. This balance is essential
for making multi-robot coordination a practical, reliable, and
economically suitable solution for different swarm robotics
applications.

3. CONCLUSIONS

Multi-robot coordination in swarm robotics is a promising
technique for improving the efficiency of multiple robots
working together to perform complex tasks. A PIC
microcontroller-based system using sensors, RF transmitter and
receiver modules, motor drivers, and DC motors provides a
practical platform for demonstrating cooperative robot
movement and wireless communication. Its performance must
be verified through controlled experiments measuring task
completion rate, communication reliability, response time,
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collision avoidance, and power consumption. Further
improvements in coordination algorithms, sensor accuracy,
wireless communication, and energy management can enhance
the reliability, scalability, and practical usefulness of the swarm
robotics system.
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