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Abstract
Coordinated behavior is a field of robotics in which the coordination of multiple systems achieves solutions to a given task. The
primary advantage of such systems is the ability to perform or design tasks that single-agents would have difficulty
accomplishing. This project coordinated behavior to move a box through a lane marked on the floor.
A team of robots can be effectively used for many applications such as assembly tasks, manufacturing, transporting of raw
materials, finished goods, etc. (material-handling robots). Multiple robots can be used instead of a single robot to accomplish a
certain task in less amount of time. Intelligent robot teams must effectively and efficiently share the workload in a way similar to
the humans may share to complete the task.

Keywords: Line Following robot, embedded controller, multi-robot coordination, babout four key words separated by
commas.

1. INTRODUCTION
Co-ordination between robots can also be used for deciding the share of task to be executed by each robot. A key difficulty
in coordinating multiple robots is deciding who does what. Thus, the task allocation mechanism is an important factor in
the architectural design. A decision regarding which robot should execute a task and when can be taken so that each robot
is effectively used for completion of task in least amount of time possible. Now-a-days we can find that the focus of
studies related to multi-robot coordination is on task allocation and equal load sharing among the robots for overall
improvement of task performance. Labor division mechanisms are found to be exploited in social insect societies that are
suitable for artificial, embedded systems such as multiple mobile robot platforms. Even in human and other social groups
with advanced labor division, life is organized around a series of concurrent activities. For a society to function
efficiently, the number of individuals (team size) involved in these activities has to be continuously adjusted such as to
satisfy its changing needs. The process regulating team size and thus modulating labor division is called task allocation.
Multi-robot coordination strategies assume either a centralized approach where a single agent plans for the group or a
distributed approach where each robot is responsible for its own planning. The key advantage of centralized approaches is
that they can produce globally optimal plans. The global information about the environment can be gathered by a central
controller using a network of sensors. The controller takes the decision based on this information and then accordingly
instructs the robots.

2. PROBLEM STATEMENT
Physical division of workspace has been proved to be an effective tool to minimize interference in multi-robot systems.
Interference is a major stumbling block in group of robots. Also, in social insect colonies it can be found that the ratio of
workers performing a certain task varies continuously. The number of workers involved in a task execution depends on
the task needs and environmental changes. Not all robots need to be engaged in a task execution all the time. Which robot
should participate in the task execution can depend upon the factor that which robot can execute a task in less amount of
time. In homogeneous robot system this may depend upon the location of a robot from a task to be executed. The robot
closest to the task may execute the task.
Moreover, the robot indirectly assists the other robots in the group by sharing the workload if at all the workload
increases beyond a threshold. By deciding which robots should be active while which should be idle we also contribute to
power saving in multi-robot systems.

3 DIFFERENT APPROACHES FOR MULTI-ROBOT COORDINATION
3.1 Centralized Approach
Many research groups [1 – 4] have implemented centralized approaches for multi-robot coordination. The principle
advantage of such centralized approaches is that optimal plans can be produced. The leader can take into account all the
relevant information conveyed by the members of the team and generate an optimal plan for the team. Many research
efforts have modelled distributed systems inspired by biology [5, 6]. However, the principal drawback of distributed
approaches they produce sub-optimal plans. For an object transportation task, several distributed robots systems [7-13]
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have been proposed but most of them need common model of the whole system or need explicit communication among
robots. Tight connection does not exist among the robots and the objects.

Figure 1 Centralized architecture
3.2 Explicit Control
Most multi-robot systems [14-18] using centralized control need explicit communication using a medium. Even for
decentralized control, some systems need explicit communication [19]. Such explicit communication may be expensive
and unstable depending on an environment. In contrast, a multi-robot system without explicit communication is more
robust and inexpensive.

4. METHODOLOGY
Multi-robot coordination using controller for load sharing and task allocation can be effective way in a scenario where
there is a limit on the number of robots. The concept of task allocation using controller can be demonstrated using three
Line following Robots to push the specific weighted box to desired location. We can make use of a network of IR sensors
to detect the line. The number of robots required to push the box is limited by embedded controller. The global
information is collected by the controller. We eliminate the drawback of obtaining information by local interactions by
adopting centralized approach. Thus optimal plans can be produced from global information rather than sub-optimal
solutions as in distributed system.
Also, we make use of a load sharing algorithm here. We set a threshold for every robot. A robot is signalled only if the
weight of the box is beyond a specified limit. A single robot can execute a task if the weight of the box is considerably
low. The side robots are activated only if weight of the box increases a certain limit. The all three robots are activated
where there is heavy box to be pushed. As the box push to certain limit then robots become idle. Thus, we are changing
the ratio of workers or number of active robots according to the task needs or weight of box.
Our task, as specified by our instructors, is to design and build three autonomous robots which will push a hollow
cardboard box down a lane. The lane is flat and measures two feet wide and three feet long. The surface of the lane is
composed of a white base and boundaries marked by black electrical tape. Each robot must be no more than six inches
wide by six inches tall and six inches deep. Only a three inch portion of each robot is allowed to touch the box.
The box is placed perpendicular to the sides of the lane. The robots will be placed offset from one another. With one on
each side of the box, they will also be orientated so their projected path points towards the box. Each robot may be placed
on the either one side of the box, so their relative position is predetermined. Figure 2 shows one possible orientation of the
starting position of the robots.

Figure 2. Initial position of robots relative to the lane and box
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4.1 Defining Situation
In a dynamic environment, we have three robots to execute a task, all the robots need not be idle or working
simultaneously. The number of active and inactive robots depends upon weight of the box. We define two thresholds for
defining workload i.e. lower threshold and a higher threshold. We define situation S1 as a situation with no workload and
all robots are idle. S2 can be defined as a situation with the avaibility of a task but a weight of the box below lower
threshold. Not more than one robot is active in this situation. S3 is defined as a state of environment where weight of the
box is moderate i.e. between lower threshold and higher threshold.S4 is a state where there is a heavy weight of the box
i.e. greater than a higher threshold. Here, we also define a situation S5 where a robot fails. Also, we define states for robot
as active and inactive. We describe the state of a Robot A with preposition ‘A’. A means Robot A is active and A means
Robot A is inactive. Similarly, B means Robot B is active and B means Robot B is inactive. C means Robot C and C
means Robot C is inactive.
4.1.1 Threshold Definition
Lower Threshold (TL) : Weight of Box is in between 1-3
Moderate Threshold (TM) : Weight of Box is in between 4-6
Higher Threshold (TH) : Weight of Box is in between 7-9
Here we read the weight of box & consider only first number as a weight. i.e. if box weight is 100 gm then we represent
this as 1, if weight is 500 gm then it will represented as 5 and so on.
The suitable behaviors will be concretely described by IF–THEN rule representation later. We can say that the determined
situation is globally correct.
 S1 = A  B  C
;W=0
S2
=[A

B

C]

[A
 B  C]  [A  B  C] ;W< TL

 S3 =[A  B  C]  [A  B  C]  [A  B  C]  [A  B  C ] ; TL<W<TH
 S4 = [A  B  C]  [A  B  C]  [A  B  C]  [ A  B  C ] ; TH < W
 S4 = [A  B] ; W=0, W< TL , TL<W<TH ,TH < W, TH < W
 S5 = [B  C] ; W=0, W< TL , TL<W<TH ,TH < W, TH < W
 S5 = [A  C] ; W=0, W< TL , TL<W<TH ,TH < W, TH < W

4.2 Flow of System

Figure 3. Complete flow for Embedded Controller
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5. EXPERIMENTA RESULT
We are attempting to implement load sharing algorithm in multi-robot system using a controller for overall coordination.
We try to achieve modularization and parallelism by diving the workload amongst the robots. This project coordinated behaviour
to move a box through a lane marked on the floor. This can be achieve using integration of Embedded Controller with VB.Net &
Image Processing. Following figure shows the Starting position of Robots. i.e robot is at its idle position

Figure 4. Initial state of robots.
5.1 Weight of Box is 0
First we check the action of the robots for no workload i.e. W=0.The expected result is that all the robots must remain
idle. We find that all the robots remain idle in case there is no workload.

Figure 5. Situation with no load.
5.2 Weight of Box is in between 1-3
We check the system’s output for a situation with workload. We can represent the workload in this scenario if the weight of box is
between 1-3 and robot A start & push the box.

Figure 6. Situation with load, i.e. weight is in between 1-3
5.3 Weight of Box is in between 4-6
We check the system’s output for a situation with workload. We can represent the workload in this scenario if the weight of box is
between 4-6 and robot B & C start & push the box.

Volume 3, Issue 6, June 2014

Page 177

International Journal of Application or Innovation in Engineering & Management (IJAIEM)
Web Site: www.ijaiem.org Email: editor@ijaiem.org
Volume 3, Issue 6, June 2014

ISSN 2319 - 4847

Figure 7. Situation with load, i.e. weight is in between 4-6

5.4 Weight of Box is in between 7-9
We check the system’s output for a situation with workload. We can represent the workload in this scenario if the weight of box is
between 7-9 and All three robot A,B & C start & push the box.

Figure 6. Situation with load, i.e. weight is in between 7-9
From above result we can conclude that if weight of box is increase all robot coordinate to push the box.
Following table summarize the robot coordination.
Sr No

Weight

Active Robots

1

0

0

2

1-3

A

3

4-6

B&C

4

7-9

A,B &C

6. CONCLUSION
The multi-robot box-pushing problem in cluttered environments has demonstrated to be a very complex problem with
multiple practical applications. In this document we present a new strategy to solve it, inspired in the new thresholding
algorithm which it also includes some pertinent modifications to obtain trajectories that facilitate the box displacement for
non-holonomic mobile robots. The proposed method obtains its benefits by the reduction of route distances, reducing the
direction changes in the routes, and by searching the best pushing points for robots.
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