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Abstract

For a variety of applications, the capability of simultaneous sensing and ac-
tion in multiple locations that is inherent to multi-robot approaches offers potential
advantages over single robot systems in robustness, efficiency, and application feasi-
bility. At the fully distributed and reactive end of the multi-robot system spectrum,
I present mathematical modeling methodologies developed to predict and optimize
a self-organized robotic swarms performance for inspection jet engine. Swarm mod-
eling lays the foundation for more generalized SI system design methodology by
saving time, enabling generalization to different robotic platforms, and estimating
optimal design and control parameters. In considering more complex target tasks
and behaviors, efficiency and completeness of execution may be of concern, and a
swarm approach may not be appropriate. Using the building blocks of this approach,
related inspection tasks that require the robotic system to adapt to changes in team
size and task assignment are also explored. The recurring theme of this article is
that we must look beyond implementation and validation of a particular system
and ask how its design can contribute to the development of a more general de-
sign methodology. Keywords:Multi Robots, Swarm Intelligent, Inspection, mobile
Robots

1 Introduction:

Inspired from the complex behaviors observed in natural swarm systems (e.g.,
social insects and order living animals), swarm intelligence (SI) is a new field that
aims to build fully distributed de-centralized systems in which overall system func-
tionality emerges from the interaction of individual agents with each other and with
their environment. As a result to try applying the insight gained from this domain
research into multi-robotics, an emerging research area called swarm robotics (SR)
has been issued.
SR is the study of how to coordinate large groups of relatively simple robots through
the use of local rules. It focuses on studying the design of large amount of relatively
simple robots, their physical bodies and their controlling behaviors [1]. SR is closely
related to the idea of SI and it shares its interest in self-organized decentralized sys-
tems. Hence, it offers several advantages for robotic applications such as scalability,
and robustness due to redundancy [2].
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1.1 Swarm Robotics:

The application of swarm principles to robots is called swarm robotics, while
swarm intelligence refers to the more general set of algorithms. Swarm robotics
is a very particular and peculiar sub-area of collective robotics in which swarm
intelligence techniques are applied. Marco Dorigo and Erol Sahin [3], [4] ones of
the founders of swarm robotics gave a definition to this research domain as follow:
Swarm robotics can be loosely defined as the study of how collectively intelligent
behavior can emerge from local interactions of a large number of relatively simple
physically embodied agents. The coordination of multi-robot systems is a new ap-
proach, which is called Swarm robotics that consists of large simple physical robots.
The main idea of the approach behind this domain research is to build relatively
many small and low cost robots that are supposed to accomplish the same task as
an ingle complex robot or a small group of complex robots [5].
The approach also takes into account studying the design of robots (both their phys-
ical body and their controlling behaviors) in a way that a desired collective behavior
emerges from the inter-robot interactions and the interactions of the robots with
the environment [6]. A key component of the system is the communication between
the agents in the group, which is normally local, and guarantees the system to be
scalable and robust. A plain set of rules at particular level can produce a large set of
complicated behaviors at the swarm level. The swarm robotics can be also involved
in the tasks that require large space and time cost, and are dangerous to the human
being or the robots themselves, such as post disaster relief, target searching, military
applications, etc.

1.2 Swarm Intelligent:

Since the swarm intelligence was proposed in 1980s, the concept has amazed many
researchers by the individually simple but collectively complex behavior exhibited
by natural grouping systems. Inspired by the robustness, scalability, and distributed
self-organization principles observed in these amazing natural collective complex be-
haviors emerged from individual simple local interactions rules, an attempt to apply
the insight gained through this research to many disciplines including artificial intel-
ligence, economics, sociology, biology, etc. has given rise. Through cooperation and
division of labor, the particulars in such swarm that are not highly intelligent, can
complete the complicated tasks and show high intelligence as a whole swarm, which
is highly self-organized and self-adaptive. The inspiration often comes from nature,
especially biological systems. In particular, the discipline focuses on the collective
behaviors that result from the local interactions of the individuals with each other
and with their environment. So, a swarm intelligence system consists typically of
a population of relatively simple agents (relatively homogenous or there are a few
types of them [7]) interacting only locally with themselves and with their environ-
ment, without having a global knowledge about their own state and of the state of
the world. When the particulars are dealing with certain problems to make better
compatibility, some of them have the ability to develop themselves [8]. Moreover, the
overall observed behavior is emerged in response to the local environment and to lo-
cal interactions between the agents that follow often very simple rules [9]. The main
benefits of swarm are having high robustness and flexibility and low cost. Swarm
intelligence takes the full advantage of the swarm without the need of centralized
control and global model, and provides a great solution for large-scale sophisticated
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problems.

1.3 Advantages of swarm robotics:

Comparing a single robot and other particular plays an important role in the
behavior and presents the advantages and characteristics of the swarm robotics
system. Its hard to imagine how such sophisticated abilities can appear from the
swarm including such simple particulars with limited cognitive and communicating
capabilities.

1.4 Comparing with a single robot:

To complete a sophisticated task, a single robot must be designed with compli-
cated structure and control modules, which result in high cost of design, construc-
tion and maintenance. Single robot is vulnerable especially when a small part of
the robot breaks down it may affect the whole system and its hard to predict what
will happen. The swarm robotics can achieve the same ability through inter-group
cooperation and takes the advantage of reusability of the simple agents and the low
cost of construction and maintenance. The swarm robotics is especially suitable for
large-scale tasks and also takes the advantage of high parallelism. A single robot is
inspired from human behaviors, while the swarm robotics is inspired from the social
animals. Due to the restriction of current technology, its easy to simulate the mech-
anisms in animal groups using machines or computers while the human interactions
are harder to apply. This gives the swarm robotics a bright future in dealing with
complex and large-scale problems. The advantages of swarm robotics are described
below [10]:
∗ Parallel
The swarm robotics can deal with multiple targets in one task due to its quite large
population size. It means that that the swarm can perform he multiple targets
distributed tasks in the environment, and the search of the swarm would save time
significantly.
∗ Scalable
Because of the local interaction in the swarm the particulars can join or quit the task
at any time without interrupting the whole swarm and the swarm can adapt to the
change in population through unconditional task re-allocating schemes without the
need of any external operation. This also indicates that the system is adaptable for
different sizes of population without any modification of the software or hardware,
which is very useful for real-life application.
∗ Stable
When part of the swarm quits due to the different factors this does not affect greatly
on the swarm robotics systems. The swarm can still work towards the objective of
the task although their performances may degrade inevitably with fewer robots.
This feature is especially useful for the tasks in a dangerous and hazardous environ-
ment.
∗ Economical
The cost of swarm robotics is significantly low in designing, manufacturing and daily
maintaining. If hundreds or thousands of robots exist in a swarm is cheaper than a
complex single robot. Since the particulars in the swarm can be massively produced
while a single robot requires accuracy machining.
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∗ Energy efficient
The energy cost is less than the cost of a single robot compared with the battery
size because the particulars in the swarm are much smaller and simpler than a giant
robot. This means that the lifetime of the swarm is enlarged. In an environment
without facilities or where wired electricity is forbidden, the swarm robotics can be
much useful than traditional single robot. At the end, the swarm robotics can be
applied to sophisticated problems involving large amount of time, space or targets,
and a certain danger may exist in the environment. The typical applications are as
follows: UAV controlling, post-disaster relief, mining, geological survey, military ap-
plications and cooperative transportation. The swarm robotics can complete these
tasks through cooperative behavior emerged from the particulars while a single robot
can barely reconcile to such situation. This is the reason why the swarm robotics
has become an important research field in last decade.

1.5 Application scopes of swarm robotics:

Potential applications for swarm robotics are indeed huge. It includes tasks that
demand for miniaturization like distributed sensing tasks. One of the most promising
uses of swarm robotics is in disaster rescue missions. Swarms of robots of different
sizes could be sent to places rescue workers can’t reach safely. The problems involved
in swarm robotics research can be classified into two classes:
1. The problems are mainly based on the patterns, such as aggregation, cartog-
raphy, migration, self-organizing grids, deployment of distributed agents and area
coverage.
2. The problems focus on the entities in the environment, e.g. searching for the
targets [11], detecting the odor sources [12], locating the ore veins in wild field [13],
foraging, rescuing the victims in disaster areas [14] and etc.
Besides these problems, the swarm robotics can also be involved into more sophis-
ticated problems, mostly combination of these two classes, including cooperative
transportation, demining [15], exploring a planet [16] and navigating in large area.
Several potential application scopes [17] of swarm robotics, which are very suitable,
are described below:
o Tasks cover large area Swarm robotics can be applied in tasks that require a
large region of space. The robots in the swarm are distributed in the environment
and can detect the dynamic change of the entire area, such as chemical leaks or
pollution. They are able to: act autonomously without the need of any infrastruc-
ture or any form of external coordination, detect and monitor the dynamic change
of the entire area, locate the source, move towards the area and take quick actions.
Moreover the robots, in such urgent situation, can aggregate into a patch in order
to block the source as a temporary solution.
Tasks dangerous to robot Moreover its reasonably tolerable to apply swarm
robots that provide redundancy for dealing with such dangerous tasks. In several
dangerous tasks, robots may be irretrievable after the task is accomplished; thus, its
economically acceptable to use swarm robotics with simple and cheap individuals
rather than using complex and expensive robots. Murphy et al. [18] summarized
the usage of robotics in mine rescue and recovery. They pointed out that although
several applications already in use, the robots are beyond the requirement to show
a desired performance in the hard environment under the ground. They proposed
33 requirements for the robots so as to achieve an acceptable behavior.
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o Tasks require scaling population and redundancy Swarm robotics can be
also applied in situations in which it is difficult or even impossible to estimate in ad-
vance the resources needed to accomplish tasks such as search and rescue, tracking,
and cleaning. An example for this situation is: clearing oil leakage after tank acci-
dents; heir at the beginning of the task the population of swarm is highly maintained
when the oil leaks fast and its gradually reduced when the leak source is plugged
and the leaking area is almost cleared. The solution needed in these cases should be
scalable and flexible; therefore a robot swarm could be an appealing solution: robots
can be added or removed in time without any significant impact on the performance
to provide the appropriate amount of resources and meet the requirements of the
specific task. This can be respected by the robustness feature of swarm robotics
that is the main benefits from redundancy of the swarm.

2 Swarm robotics searching algorithms:

Currently, swarm robotic searching algorithm is one of the most concerns of the
researchers besides those basic tasks mentioned in previous section. In this section,
the searching strategies are classified in two types: one inspired from the swarm in-
telligence algorithms and the other inspired form other methods. These two types of
algorithms are different in many aspects, such as searching scheme, target detection
method and information exchange inside the swarm.

2.1 Inspired from swarm intelligence algorithms

From the general point of view, swarm optimization algorithms share several sim-
ilarities with swarm robotics searching, e.g. searching for the best points using a
swarm of individuals. Particle swarm optimization (PSO) is the swarm intelligence
approach that is adopted mostly in the swarm robotics due to the great similarity
with flocking and searching schemes. Besides PSO, other methods have also inspired
many successful approaches, such as ant colony optimization (ACO) and glowworm
swarm optimization (GSO). The scope of these approaches includes path finding,
navigation, odor localization, etc. The swarm intelligence shows great ability in
scalable, flexibility and robustness and is suitable for real life applications with the
aid of various existing strategies. However, the shortcomings of these algorithms
are also introduced in the same time, e.g. large quantity of random moves, global
interactions and especially tending to get trapped in the local minimal there exist
three types of methods in using the swarm intelligence algorithms so far:
Optimizing the parameters
The first type of searching algorithms inspires the strategies from other methods
with several parameters, which are hard to be optimized, such as neural network
or heuristic schemes. The swarm intelligence algorithms are employed to optimize
these parameters.
Modeling the individual behaviors
In this type of algorithms, each robot is regarded as a particle or agent correspond-
ingly in the swarm intelligence algorithm. The searching environment is normally
interpreted as fitness values. The swarm uses the fitness to search for the targets.
Mixing two methods above
Some algorithms try to use the swarm intelligence model and optimize the parame-
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ters using swarm intelligence in the same time.

3 Swarm Modeling Algorithm

In computer science and operations research, the ant colony optimization algo-
rithm (ACO) is a probabilistic technique for solving computational problems which
can be reduced to finding good paths through graphs.
This algorithm is a member of the ant colony algorithms family, in swarm intelligence
methods, and it constitutes somemetaheuristic optimizations. Initially proposed by
Marco Dorigo in 1992 in his PhD thesis,[18],[19] the first algorithm was aiming to
search for an optimal path in a graph, based on the behavior of ants seeking a path
between their colony and a source of food. The original idea has since diversified
to solve a wider class of numerical problems, and as a result, several problems have
emerged, drawing on various aspects of the behavior of ants. From a broader per-
spective, ACO performs a model-based search[20] and share some similarities with
Estimation of Distribution Algorithms.
In the natural world, ants of some species (initially) wander randomly, and upon
finding food return to their colony while laying down pheromone trails. If other
ants find such a path, they are likely not to keep travelling at random, but instead
to follow the trail, returning and reinforcing it if they eventually find food. Over
time, however, the pheromone trail starts to evaporate, thus reducing its attractive
strength. The more time it takes for an ant to travel down the path and back again,
the more time the pheromones have to evaporate. A short path, by comparison, gets
marched over more frequently, and thus the pheromone density becomes higher on
shorter paths than longer ones. Pheromone evaporation also has the advantage of
avoiding the convergence to a locally optimal solution. If there were no evaporation
at all, the paths chosen by the first ants would tend to be excessively attractive
to the following ones. In that case, the exploration of the solution space would be
constrained. The influence of pheromone evaporation in real ant systems is unclear,
but it is very important in artificial systems.[21]
The overall result is that when one ant finds a good (i.e., short) path from the
colony to a food source, other ants are more likely to follow that path, and positive
feedback eventually leads to all the ants following a single path.
An ant is a simple computational agent in the ant colony optimization algorithm.
It iteratively constructs a solution for the problem at hand. The intermediate solu-
tions are referred to as solution states. At each iteration of the algorithm, each ant
moves from a state x to state y , corresponding to a more complete intermediate
solution.Thus, each ant k computes a set Ak(x) of feasible expansions to its current
state in each iteration, and moves to one of these in probability. For ant k , the
probabilitypkxy of moving from state x to state y depends on the combination of
two values, viz., the attractiveness ηxy of the move, as computed by some heuristic
indicating the a priori desirability of that move and the trail level τxy of the move,
indicating how proficient it has been in the past to make that particular move. The
trail level represents a posteriori indication of the desirability of that move. Trails
are updated usually when all ants have completed their solution, increasing or de-
creasing the level of trails corresponding to moves that were part of ”good” or ”bad”
solutions, respectively. In general, the kth ant moves from state x to state y with
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probability.

pkxy =
(ταxy)(τβxy)∑

( z ∈ allowedx)(ταxy)(τβxy)

where τxyis the amount of pheromone deposited for transition from state x to y
,0 6 α is a parameter to control the influence ofτxy, ηxy is the desirability of state
transition xy (a priori knowledge, typically 1

dxy
where d is the distance) and β > 1 is

a parameter to control the influence of τxy, ηxy and ηxy represent the attractiveness
and trail level for the other possible state transitions. Pheromone update When
all the ants have completed a solution, the trails are updated by

τxy ← (1− ρ) +
∑
k

τkxy

where τxy is the amount of pheromone deposited for a state transition xy,is the
pheromone evaporation coefficient and ∆τkxyis the amount of pheromone deposited
by kth ant, typically given for a TSP problem (with moves corresponding to arcs of
the graph) by {

Q

Lk
ifantkusescurvexyinitstour0otherwise

where Lk is the cost of the kth ant’s tour (typically length) and Q is a constant.

4 Simulation Results:

In my this project we need to choose the small robots and capable of work as a
swarm therefore we choose e-Puck, which is the smallest in the market but it is
very expensive therefore we need to find a simulation environment that included our
robot that we found the V-rep environment. For simplicity we assumed our turbine
engine in flat version, which is include around 68 blades with same size but with the
different color that helps the robot distinguish them. In the below I showed you the
environment and Matlab coding that used for implements my algorithm.

4.1 Environment

Simulate of the turbine engine in the flat area is shown in figure 1

Fig1: Simulation Environment

7



The goal of the project is to have several mobile platforms move around a 2-
dimensional area that represents the inside of an engine (Figure 1). Issues related
to how the mobile sensor platforms will move around the cylindrical surface of a
real engine without falling off will not be addressed at this stage. Mobile sensor
technology will not be addressed here either, even though that is the ultimate goal
of the program.
The purpose of the demonstration will be to evaluate the search and convergence
algorithms as well as the communications protocol within the obstacle-filled arena.
The test will consist of several phases: entry, search, and coverage; damage mapping,
locating, and convergence; and exit. In all cases, the on-board constrained behav-
ior logic will be simple, but the swarm as a whole will exhibit complex, dynamic
behavior. The entry, search, and coverage phase will test how the mobile platforms
enter the arena, how they distribute themselves, and how thoroughly they check the
parts they are supposed to check, i.e., are some parts missed. The damage mapping,
locating, and convergence phase will test the ability of the platforms to broadcast
information that allows the visualization of the surface of the engine such that the
position of any platform or damage location can be interpreted and the appropri-
ate platforms can move to the correct spot for further inspection or maintenance.
Finally, the exit phase will test the ability of the rovers to move out of the engine
efficiently. How the algorithms are developed and tested will depend significantly
upon whether or not the platforms are tethered. Tethering adds multiple constraints
to the problem: it limits the distance the platforms can move, it requires them to
retrace their path to exit, and it requires each platform to be aware of the other
platforms tethers to avoid tangling.

5 Discussion:

Self-organized and reactive algorithms have been shown to be very competitive on
a platform with limited capabilities and might allow for even further downscaling of
the robotic platform due to the minimal requirements on the robotic unit. However,
reactive solutions seem to be best suited for regular environments. For instance, in
our experiments, all blades have the same size and a single time-out parameter is
sufficient. In a real turbine, however, the size of each blade changes as a function
of its stage, and an optimal algorithm would require the calibration of additional
time-outs-given that a robot could estimate the stage it is currently processing.
This information in turn, will enable more deliberative approaches, which might
then become favorable over fully reactive solutions for performance reasons. Indeed,
localization appears to remain a major challenge to
1) Associate collected sensory information with the location where it was recorded
and
2) Enhance the performance by allowing robots to communicate using a common
frame of reference.
As multi-robot solutions to real world problems become viable in the 21st century,
new methods of coordinating these robots become necessary. With applications in
areas ranging from medical Nano-robots to space exploration, interest in the control
of these multi-robot systems will continue to grow. Assignment and formation con-
trol is a fundamental component of many of these networked systems, and has been
a focus of this research.This work intends to propose a new algorithm to solve the
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problem of assigning mobile agents to roles within a translationally and rotationally
invariant formation. It specifically applies to the problem of finding an efficient as-
signment when the formation pose is initially unknown. When implemented in par-
allel on a network of mobile robots, it offers some advantages over previous methods
including: the use of independent robot coordinate frames, dynamic re-assignment
for changing conditions, and inherent collision avoidance.
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