
International Journal of Soft Computing and Artificial Intelligence, ISSN: 2321-404X, Volume-3, Issue-1, May-2015 

 Multi Robot System 
 

43 

MULTI ROBOT SYSTEM 
 

1SAYLI CHINCHOLE, 2PRASAD MULAY, 3TEJAS AUTI, 4SAURABH PATEL, 5JATIN DESAI 
 

1B.E student EXTC FCRIT Vashi, 2B.E student EXTC FCRIT Vashi, 3B.E student EXTC FCRIT Vashi, 
4B.E student EXTC FCRIT Vashi, 5Gudie 

E-mail: saylichinchole12@gmail.com, mulayprasad9794@gmail.com , tejasauti21@gmail.com, saurabhp666@gmail.com, 
jatindesai2@gmail.com 

 
 
Abstract- Multi Robot System is based on co-operative Robotics. Multi robot system is a novel approach to the coordination 
of large numbers of robots and has emerged as the application of swarm intelligence to multiple robotic systems. Multi robot 
systems are generally more flexible and fault-tolerant than single robot acting alone. Cooperative foraging is one of the most 
important tasks in the study of multi robot cooperation. The fundamental definition of foraging is the location and collection 
of objects. Some form of direct or indirect communication is employed to produce cooperation and improved task 
performance. 
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I. INTRODUCTION 
 
A. Overview 
There is a certain mysterious synergism present in the 
swarms of ants, bees, and other social insects. An 
external human observer, simultaneously viewing 
individual simplicity and group complexity, fails to 
comprehend the nature of the cooperation. This is the 
essence and the appeal of swarm intelligence. 
 
In this project, the experimental multi robot system 
will be   designed to demonstrate swarm-intelligent 
foraging behaviour under specific design constraints 
in order to investigate a limited subset of system 
characteristics.  
 
The design constraints are as follows: 
 Direct communication 
 Centralized control 
 Behaviour-based control 
      
These attributes depend on a number of system 
parameters; the following three are investigated here: 
 number of robots 
 item distribution 
 
B. Cooperative Mobile Robotics 
Multi robot system falls within the broader 
classification of cooperative, Autonomous, mobile 
robotics. This popular area of robotics research 
focuses on the study of multi-robot systems designed 
to cooperatively achieve a task. Multi-robot 
cooperation has become increasingly important for a 
number of reasons. Some of them are: 
 
  Tasks are often inherently too complex for a 
single robot to accomplish. 
 Several simple robots can be a cheaper and easier 
solution than one powerful robot. 
 Multi-robot systems are generally more flexible 
and fault-tolerant than single robots acting alone. 

C.  Control Architectures 
Regardless of the intended application, each robot in 
a multi-robot system requires some pre-programmed 
processes by which it can assimilate sensory input 
and respond with appropriate actuation.  
 
The techniques of each architecture are applicable to 
a range of programming and hardware domains, but 
the central design framework remains consistent. 
Behaviour-based approaches to controlling agents in 
a multi-robot system have had a great impact on the 
course of cooperative robotics. 
 
D. Morphologies 
The physical morphology of each individual in a 
Multi robotic system is an important consideration in 
any swarm design. Mechanical design is also highly 
interdependent with the control architecture, making 
it a critical element of robotic design. Two main 
classes of locomotion are present for autonomous 
mobile robots: wheeled or legged. While both 
approaches are valuable for specific purposes, swarm 
based systems nearly always employ wheeled 
locomotion. Walking, legged robots involve a higher 
degree of mechanical complexity, especially in 
loosely constrained or dynamic environments 
common to swarm applications. 
 
E. Cooperative Tasks In Mobile Robotics 
Cooperative systems of autonomous, mobile robots 
exhibit an array of control schemes, communication 
modes, and physical morphologies. The choice of 
each of these elements is generally dictated by the 
desired task.  
 
Most multi-robot systems are designed with a global 
task or goal. Cooperating to achieve this goal is what 
drives the system architecture, morphology, etc.  
 
While a great many tasks have been proposed and 
studied, swarm-based multi-robot systems generally 
focus on a handful of major task classifications. 
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F.   Clustering and Sorting 
The task of cooperative sorting in swarm-based 
robotics is closely related to foraging. In fact, many 
sorting experiments emerge from robotic 
demonstrations of foraging, or vice versa. Both tasks 
take direct inspiration from the behaviour of social 
insects. While foraging corresponds directly to 
biological food searching, sorting reflects variety of 
clustering behaviours.  
 
II. PROJECT LAYOUT 
 
This type of Multi Robot System aims at  
 Multiple Goals 
 Multiple Sensors 
 Robustness 
 Additive 
 
The System block diagram can be shown as follows: 
 

 
 
The Master robot is controlled by the user using GUI 
interface. The master analyze the object, takes a 
decision and send appropriate command to the 
respective slave. 
 
III. IMPLEMENTATION 
 
We are implementing a master robot which will scan 
the grid area and send commands to the respective 
slave robot. 
 

A. Master Block Diagram 

 

The above block diagram represents the master robot. 
The heart of the master is Raspberry Pi. Zigbee 
protocol is used for communication between the bots. 
 
B. Slave Block Diagram 
 

  
 
The above block diagram represents the slave robot. 
The heart of the slave is MSP430G2553. 
 
IV. OBJECTIVES 
 
The objectives of Multi Robot System are: 
 Robots replacing the man power in industries and 
working automatically. 
 Communication between master and the slave 
robot using Zigbee protocol. 
 Master analyzing the object detected and 
commanding the respective slave according to the 
decision taken. 
 Slave completing the given task and giving 
feedback to the master. 
 
V. MICROCONTROLLER AND 
MICROPROCESSOR SELECTION 
 
It is important to properly select the correct 
microcontroller based on the objectives set out. Based 
on the design goals, the major components that will 
influence the performance of the electronic luggage 
follower are identified as follows:  
 
 Millions of Instructions per Second (MIS)  
 Number of Programming Pins  
 Power Consumption  
 Programming Language  
 
C. Raspberry Pi 
The Raspberry Pi is a low – cost, credit sized 
computer that plugs into a computer monitor or TV, 
and uses a standard keyboard and mouse. Low in cost 
as students can have computer access for 
experiments.  
 
Also have SD card storage so easy to re-flash. A 100 
Mb Ethernet also available to hook up to a PC and 
work on its own OS which is Linux based. Two USB 
ports available and serial communication is possible 
using the pins for serial, SPI. 
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Features: 
 Meant to be a very inexpensive, open computer to 
access computer that students could experiment with. 
 Hooks up to TV’s, USB Keyboard-mouse, 
powered off cell phone power adaptors – things many 
of us have already! 
 SD card storage; so easy to re-flash if you screw it 
up. 
 Linux based OS, so easy to get in and see how it 
works. 
 

 
 
D. MSP430G2553 
The Texas Instruments MSP430 family of ultra-low-
power microcontrollers consists of several devices 
featuring different sets of peripherals targeted for 
various applications. The architecture, combined with 
five low-power modes, is optimized to achieve 
extended battery life in portable measurement 
applications. The device features a powerful 16-bit 
RISC CPU, 16-bit registers, and constant generators 
that contribute to maximum code efficiency. Typical 
applications include low-cost sensor systems that 
capture analog signals, convert them to digital values, 
and then process the data for display or for 
transmission to a host system.  
 
Key features of the MSP430x1xx family include: 
 Low Supply-Voltage Range: 1.8 V to 3.6 V 
 Ultra-Low Power Consumption 
o Active Mode: 230 µA at 1 MHz, 2. 2 V 
o Standby Mode: 0.5 µA 
o Off Mode (RAM Retention): 0.1 µA 
 Five Power-Saving Modes 
 Ultra-Fast Wake-Up From Standby Mode in Less 
Than 1 µs 
 16-Bit RISC Architecture, 62.5-ns Instruction 
Cycle Time 
 
VI. INTERFACING 
 

A. PC Interface using GUI 
A GUI interface using python is used to control the 
master robot. The various buttons available for the 
user sends different tasks for the master which it has 
to perform. The functions are as follows:- 

Button Functions 

Scan Scan the grid 
Up Move straight 
Left Move left 

Right Move right 
Down Move backward 

  

 
 
B. Interfacing of Raspberry Pi with Zigbee 
Zigbee technology is a low data rate, low power 
consumption, low cost; wireless networking protocol 
targeted towards automation and remote control 
applications. It is operated on 2.4 GHz band 
(unlicensed). Zigbee can be operated as a 
Coordinator, Router or an End device. For the master 
the zigbee device acts as a coordinator. The zigbee 
module is configured using the software XCTU. The 
zigbee is connected through the adapter to the USB 
port of Raspberry Pi. The master sends commands to 
the slaves through Zigbee  and also receives feedback 
from the slaves. 
   

 
 
C. Interfacing Of MSP430 with Zigbee 
The interfacings of the Zigbee module with MSP430 
have the same connections as that of the RPi with 
zigbee. Here for the slave robot the zigbee module is 
configured as a router. 
 
The transmitter and receiver of MSP430 is connected 
to the receiver and the transmitter of zigbee 
respectively.  
 
The slave receives commands and decodes it. The 
slave for which the command was send performs the 
given task and after completing the task sends 
feedback to the master. 
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D. Interfacing of Picamera with RPi 
To be able to detect the objects present in front of the 
master robot and to recognize the image and do some 
manipulations, we need Image processing which is 
available in RPi. A slot for camera module is 
available on the RPi model.                                                                          
The camera module can be used to take high-
definition video, as well as stills photographs.                                
The camera module is fixed into the slot provided for 
it and the camera is enabled in the initial settings of 
the RPi and hence the camera is interfaced.  For the 
camera module to take the picture of the object 
present in front of it, a library known as Picamera is 
used. 
 

 
 

E. Motor Control 
Along with the controllers, motors play a very 
important role in Multi Robot System because the 
ultimate goal of the robot is to scan or reach the 
object. The motors provide locomotion of the body 
which fulfills the above goal. 
 
Need of motor drivers: 
Motor driver acts as an intermediate device between 
the controller and the motors. Although the 
microcontroller decides the speed and direction of the 
motors, it cannot drive them directly because of its 
very limited power (current and voltage) output. The 
motor controller, on the other hand, can provide the 
current at the required voltage but cannot decide how 
fast the motor should turn. Thus, the microcontroller 

and the motor controller have to work together in 
order to make the motors move appropriately. After 
practically performing the experiment for current 
consumption of the motor, the motor drivers selected 
are L293d Motor Drivers. It can drive small and quiet 
big motors as well. 
 

 
 

VII. ALGORITHMS 
 

F. Image Processing(Master) 
Image processing is the algorithms and techniques 
used to manipulate and analyse images; by applying 
transformations to an image we can filter out an 
unwanted elements, alter colours or shapes to produce 
desirable properties, or extract information about the 
features and objects in an image.  
 
 Steps of Image Processing 
Image acquired by the camera is stored in a variable i.  
the pixel values on each of the RGB channels in the 
image are extracted and put into an array. This is 
done by the following command: 
 ir =  i( : , : , 0 ); 
 ig = i( : , : , 1 ); 
 ib = i( : , : , 2 ); 
 
This command segregates all the channels in three 
different arrays. 
Then the mean of each array is calculated as follows: 
mr = mean (mean (ir)); 
mg = mean (mean (ig)); 
mb = mean (mean (ib)); 
 
The above command calculates the first array by 
calculating the mean of all rows and columns of 
channel 0 out of the three channels. The first colon (:) 
represents all rows and the second colon (:) represents 
all columns. From the first array, a second is 
calculated by taking the mean of the array. In other 
words, we calculate the mean of the one dimensional 
image. This is done by the following command:  
The mean for each R, G and B one dimensional 
image is calculated. Then the means of each channel 
are compared and the highest value is selected. On 
this basis the colour of the image is interpreted. 
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G. Scanning Algorithm 
This algorithm is implemented when the user 
commands the master to scan the field. It consists of a 
number of steps to be followed repeatively to scan the 
complete field. 
 
H. Virtual Co-ordinates 
This algorithm deals with the changing and saving the 
co-ordinates. Necessary condition for implementing 
this algorithm is to know initial orientation and initial 
co-ordinates and integrity of functions. If initial co-
ordinates are (x, y) then Following changes takes 
place according to the specified task. 
 
B.1 Straight 
If initial orientation is along positive x-axis& 
specified distance is a 
 

 
 

If initial orientation is along positive y-axis& 
specified distance is b 

 

 
 
If initial orientation is along negative x-axis & 
specified distance is a 

 

 
 

If initial orientation is along negative y-axis& 
specified distance is b 
 

 
 
B.2 Left and Right 
If initial orientation is along positive x-axis 
 

 

 
If initial orientation is along positive y-axis 
 

 
 
If initial orientation is along negative x-axis 
 

 
 
If initial orientation is along negative y-axis 
 

 
 
B.3 Go To Location 
Here robot will go to specified location (x1, y1) 
a = | x – x1 | 
b = | y – y1 | 
 
Distance “a” is used for x-axis calculation and 
distance “b” is used for y-axis calculation. According 
to four cases mentioned below task will be perform 
using functions Straight, Left or Right ,Straight as per 
specified location.  
 
Sequence of these functions will be decided on the 
basis of following four cases which are classified on 
the basis of specified co-ordinates and old co-
ordinates as follows: 
 
1. x1 > x and y1 > y 

 

 
 

2.     x1 > x and y1 < y 
 

 
 
3. x1 < x and y1 >y 
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4. x1 < x and y1 < y 
 

CONCLUSION 
 
The main conclusion drawn from the extensive 
literature survey incorporated in this paper is that 
interfacing with the processors & controllers using 
zigbee communication protocol requires in depth 
understanding of each hardware. The virtual co-
ordinate algorithm has been successfully 
implemented using Raspberry pi & 
MSP430g2553.Also communication using Zigbee 

protocol is implemented. The user after giving 
command to the master the whole object collection 
task will be done automatically. Problems 
experienced in the project were understood, studied 
and solutions were successfully brought up with the 
prototype model. 
 
REFERENCES 

 
[1]. SWARM INTELLIGENCE AND 

STIGMERGY:ROBOTIC IMPLEMENTATION OF 
FORAGING BEHAVIOR by Mark Russell Edelen. 

[2]. http://www.raspberrypi.org/ 

[3]. http://www.ti.com/ 

[4]. http://en.wikipedia.org/wiki/ZigBee#Device_types_and_ope
rating_modes 

[5]. http://www.tutorialspoint.com/python/python_gui_program
ming.html 

[6]. www.youtube.com 
 
 
 


 

 
 
 
 
 

 


