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Abstract - In this paper, we describe swarm robots as a new approach to multi-robot system (MRS) coordination which 
consists of large number of relatively simple robots. These robots behaviour is inspired from nature’s social insect such as 
ants, bees, wasps, termites etc. The most exceptional characteristics of swarm robots are its ability to work cooperatively to 
achieve a specific goal. In this paper, the most salient aspects to build a multi-robot system such as Biological inspiration, 
communication, control approach, motion coordination, task allocation, mapping and localization, object transportation, 
reconfigurable robotics and learning along with their problems and algorithms have been discussed. 
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I. INTRODUCTION 
 
Swarm Intelligence refers to collective behavior of 
many individuals that operate autonomously [1]. The 
algorithms for the swarm of individuals are usually 
inspired from nature such as insects and other 
animals. For example, self-organized construction of 
nests by ants, honey bee’s dance etc. Swarm robotics 
makes use of the principles of swarm intelligence to 
exhibit collective behavior of robots [1]. The desired 
collective behavior of the robots is achieved with 
inter-robot interaction and interaction of the robots 
with the environment [2]. Each robot of the swarm 
must be capable of working autonomously and in a 
group without human interference [3]. 
Communication between the robots and low power 
consumption are two main factors of swarm robotics. 
Robots of the swarm are not controlled centrally, 
capable of local communication and operate by 
taking inspiration from social behavior of insects. As 
new solution approaches are being developed swarm 
robotics has become a major area of research and has 
seen vast development since 1980’s [1]. 
The classification of research areas of swarm robotic 
systems was done by Dudek in 1993. The paper was 
divided into five areas namely swarm size, 
communication range, communication topology, 
communication bandwidth, swarm reconfigurability 
and swarm unit processing ability [1]. The 
hierarchical way of survey of cooperative robotics 
was presented by Cao. In this, the publication was 
split into five axes group architecture, resource 
conflicts, origins of cooperation, learning and 
geometric problems [1]. Iocchi provided another 
classification of multi-robotic systems and addressed 
some multi-robotic system studies. This paper 
provided taxonomy in levels namely lower 
knowledge level, coordination level and organization 
level. This paper also had a separate section 
describing the application fields of multi-robotic 
systems [4]. A review of multi-robotic systems from 
control and system dynamic perspective was provided 

by Gaziand Fidani [4]. Lynne organized the paper 
according to principle topics in the research area of 
swarm robotics [1]. 
This paper mainly deals with various research 
domains of swarm robotics and existing studies in the 
same. 
 
II. RESEARCH DOMAINS 
 
A. Biological Inspiration 
Swarm robots draw inspiration from biological 
systems in nature. At the unicellular level of 
organisms, swarm robots are inspired by bacteria, 
myxobacteria and amoeba which function 
independently in ideal conditions but coordinate in 
times of scarcity of food or presence of threats. A 
well known example of aggregation in nature is 
formation of slime mould by amoeba. They form 
complex patterns to form a single structure and 
disperse later. Recent studies [5] suggest that bacteria 
have communication mechanisms to interact with 
other members in the colony. Bacteria produce 
chemicals called auto-inducers to control gene 
expression at a certain local population density. This 
is called Quorum sensing. In the context of a swarm 
of robots, such behaviour can aid in collective 
decision making. Bacteria also use chemical 
signalling to communicate in two ways, inductive 
communication and informative communication. In 
the former method, the chemical signal causes a 
particular action in the cell and in the latter, the 
response to the signal depends on the current and past 
states of the cell. Many insects seem to perform 
actions as if they were programmed to do them in the 
same way repeatedly [6]. In this way, insects seem 
almost robot-like. The behaviour of social insects 
such as bees is one of the best demonstrations of self-
organization. The swarm of insects is viewed as a 
collective intelligence. Due to the apparent simplicity 
and minimalism of insects, it makes sense to model 
distributed robot swarms after them. Termites use a 
process called stigmergy to coordinate Stigmergy is 
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an indirect means of communication via external 
environment changes. Flocks of birds are able to 
locate home from a large distance away after 
migration by using external cues such as the sun, 
magnetic fields, visual landmarks, etc[7]. Similarly 
locusts form large groups of thousands and move in 
an ordered fashion. 
 
B. Communication 
Communication in Swarm robotics depends mainly 
on the factors such as the environment, the size of the 
robots, the project budget and the manufacturer 
limitations. Larger robots have more possibilities of 
building up a accurately working communication 
between the robots. Most common ways of 
communication are obtained by using Bluetooth, 
wireless LAN, communication via the environment 
(stigmergy [8]) or like in the case of Jasmine via 
infrared LEDs. 
Intra-swarm and inter-robot communication can be 
achieved by sharing a message. Bluetooth, wireless 
LAN or infrared are most frequently used technology 
for communication. It is very often noticeable that 
swarm members in natural swarm only react to their 
direct environment. This concept is easily adoptable 
in artificial swarm and the robots wont percept the 
information that isn’t from the direct environment. 
This concept of using infrared is comes handy while 
avoiding the obstacles .Disadvantage of this method 
is that the robots should be in direct sight and the 
communication is not possible with the robots not in 
sight. 
Wireless LAN can be used for middle-sized robots; it 
is used for high volume data transfer. Wireless LAN 
can be used for middle-sized robots; it is used for 
high volume data transfer. The Bluetooth technique 
for communication lies between infrared and wireless 
LAN in terms of size and range. The Bluetooth 
technique is only useful for basic conditions for direct 
inter-robot communication. It is necessary to put the 
communicating message in some context; this is done 
by assigning a unique ID to every robot and also 
specifying types and content of the message. Simpler 
message contains information like “target of interest 
found”. More complex messages can be created by 
requesting the unique ID of specific robots. These 
messages are distributes as intelligent throughout the 
swarm and simple routing protocols can be used. 
Communication range, communication Area, length 
of messages, propagation time and interferences are 
most important aspects of swarm communication.[8].  
 
C. Control Approach 
A swarm of robots can have distributed or centralized 
control. A clear difference in the control approach has 
been provided by Iocchi [1]. It is described as 
follows: 
1. Centralized control: the organization of a 
system in which one robotic agent is in charge of 
organizing the work of other robots in the system; the 

robot in charge can be called as a leader and the 
leader makes decisions for the entire system. Other 
robots act according to the decision taken by the 
leader. 
2. Distributed control: the organization of a 
system in which all the robotic agents work 
autonomously; each robotic agent is involved in 
decision making and this type of a system does not 
have a leader. 
Lynne’s  experiments  indicated  advantages  and 
disadvantages between centralized and distributed 
control[1]. The paper suggested that a proper balance 
between centralized and distributed control is the 
main factor to achieve the desired collective behavior 
of the swarm of robots. However, both the control 
approaches have contributed equally to the field of 
swarm robotics and provided interesting experimental 
results. 
 
D. Motion Coordination 
This domain is mainly concerned with path planning 
and has gained a lot of interest in past two decades. 
For mobile robots path planning problem is defines as 
“for a given robot and an environment description, 
plan a route between two specific locations, which 
must be clear of obstacles and attend all the 
optimizations criteria"[1]. Path planning can be 
classified into: 
1. Local path planning: Local path planning 
is concerned with information given by the sensors 
installed on the robots about unknown environment. 
2. Global path planning: In global path 
planning the model of environment is known in priori 
and with the help of this information navigation is 
performed. 
The basic problem in path planning is that of 
stationery environment containing stationery objects. 
An extension to this problem is presence of dynamic 
objects along with stationery objects. Various 
algorithms that provide a solution to these problems 
are fuzzy algorithms, particle swarm optimization 
(PSO), ant colony optimization(ACO) etc. 
Another problem faced in path planning is that of 
formation generation. This problem is concerned with 
coordination of robots to get them into and maintain a 
formation of different shapes such as a line, circle or 
any other shape. Coordination can be achieved by 
various control approaches such as behavior based 
approach, leader follower approach etc. 
 
The division of formation generation was done by 
Erkin as follows: 
1. The first group contains study concerned 
with centralized control where the leader of the 
swarm controls the formation generation. 
2. The second group is concerned with the use 
of distributed control for formation generation. 
        
A survey of pattern formation and strategies for 
adaptation for multi-robot systems was provided by 
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Bahçeci and Şahin. They divided the pattern 
formation into two categories: centralized and 
decentralized pattern formation [4]. 
 
E. Task Allocation 
Assigning tasks to robots of the swarm is called task 
allocation. Task allocation must ensure global 
mission is achieved and well distribution of tasks 
among the robots. While allocating tasks to the robots 
the factors to be considered are capabilities of the 
robots, available resources and entities to optimize 
[1]. Tasks can be of various types like discrete and 
continuous and they can vary in terms of complexity, 
specificity and time scale. 
The multi-robot task allocation problem has been 
studied using techniques such as physical modeling, 
market based techniques, auction based techniques, 
ALLIANCE etc. MURDOCH system developed by 
Gerkey described one of the first algorithms for 
market based solutions for multi-robot task allocation 
problem [1]. 
 
F. Mapping and Localization 
Localization and mapping are core requirements for a 
swarm of robots to cooperate autonomously and 
perform a specific task. Emergency search and 
rescue, precision agriculture and space exploration 
are few applications where it is advantageous to 
deploy a team of robots that doesn’t require any 
external localization or prior maps, instead using on-
board sensors only. Simultaneous Localization and 
Mapping (SLAM) has been developed for individual 
robots where as highly-centralized architecture for 
typical real world problems are yet to be developed 
for swarm of robots. 
Simultaneous Localization and Mapping problem 
requires a solution for navigating unknown 
environment. A robot can know its current location 
by building a accurate map. The two questions 
“where am I?” (Localization) and “what does the 
world look like?” are intrinsically coupled by 
probabilistic uncertainties that must be answered 
simultaneously. 
Every mobile robot requires a sturdy SLAM 
algorithm to safely navigate through an unstructured 
environment. The SLAM algorithm frequently consist 
of global coordinate frame for the robot to operate in; 
generally it defines functionality such as navigation, 
path planning ,exploration object identification, 
object tracking and object manipulation. The most 
efficient way to localize a Multi-robot system is 
(MRS) such as Multi-Robot SLAM is by using an 
architecture that enables individual robots to localize 
themselves at the same time as building a shared map 
of the environment. 
Robust algorithm for multi robot SLAM for real 
world application is more complex than the single 
robot case due to their distributed nature. Multi robot- 
SLAM solutions for coordinated Multi Robot System 
requires localization of individual robots to be 

registered in a single global coordinated frame that is 
consistent, and also mapping requires large volume of 
sensor data to fused on board. The distributed nature 
of MR- SLAM introduces several unique problems 
that require careful architecture considerations.[9] 
 
G. Object Transportation and Manipulation 
Object transportation and manipulation is a 
fundamental task in robotics and frequently arise in 
various situations from macro to micro scale. Our 
main interest concentrates mostly on swarm robotic 
system with minimal sensing requirements. Most 
frequently used algorithm for object transportation is 
granular convection, which is also known as “Brazil 
Nut Effect”. Granular convection is frequently 
observed in granola boxes where larger items tend to 
aggregate at the surface after the box has been shaken 
[10]. 
Researches in this area of swarm robotics have 
documented the three types of object transportation 
and manipulation which are grasping, pushing and 
caging. Grasping uses form closure and force closure 
techniques. Pushing doesn’t guarantee form closure 
and force closure but requires external forces. Caging 
in involves in bounding of moveable area of object. 
The contact between object and robots mechanism 
need not necessarily be maintained by robots. This 
phenomenon makes motion planning and control of 
swarm of robots simple and sturdy [1]. 
 
H. Reconfigurable Robotics 
Self-reconfigurable robots are the ones which can 
change their shape or collectively form a structure in 
order to perform a specific task that a single 
autonomous robot cannot do. Paul Levi et al.[11] 
have explored the problem of swarms not being able 
to communicate efficiently with its members and 
developed a system of 100 microbots with self-
assembly and self-repair capabilities. The robots self-
assemble and self-repair by an evolutionary approach 
called Swarm–Organism– Swarm- Cycle (SOS-C). 
Yaochu Jin et al[13] mapped the concept of 
morphogenesis to robot swarms. 
The architecture of the structure formed by the swarm 
robots, can be classified into five broad catagories: 
lattice, chain, hybrid, truss, and free-form [12]. In 
lattice structure, the robots assemble and form a 
three-dimensional structure. In the chain structure 
they dock one after another to form a linear robot. 
Hybrid robots[14] have capabilities to do both, lattice 
formation and chain. Truss structure has robots 
connected at nodes to form a triangulated formation. 
Free form robots form a random structure with no 
definite 2D shape. 
 
I. Learning 
The learning algorithms developed for swarm 
robotics are of two types, supervised learning and 
unsupervised learning. Supervised learning is where 
there are input variables on which an algorithm is 
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applied to give the output. This is done by means of a 
mapping function. Thorough study of the mapping 
function aids in predicting the output without 
evaluating the entire algorithm. Such a method is 
similar to a teacher training students. It is commonly 
used in follow the leader algorithms used in swarm 
robots. Unsupervised learning involves only input 
variables whose behaviour is to be predicted by 
algorithms. Two types of unsupervised learning are 
Clustering where data is identified in groups and 
Association where predictions have to be made to 
describe a large collection of data. 
Decision tree learning is a type of supervised learning 
which uses decision trees to make conclusions about 
an item in consideration based on the observations 
made. It applies well to large data sets as would be 
the case with a robot swarm [16]. Neural network 
learning is another type of widely used supervised 
learning method. It is based on biological neural 
networks that are present in our brain. It uses 
examples to learn and replicate behaviour in other 
similar scenarios. Robot learning combines the 
concepts of machine learning and robots. Robots can 
be taught by demonstration and sharing information 
within the system [15]. 
In unsupervised learning, data is not labelled 
specifically. The goal is to find patterns in the data. 
Clustering and density estimation are some 
approaches to unsupervised learning. 
Another type of machine learning is reinforcement 
learning. It works on a rewards basis where a robot is 
rewarded for performing a particular action. The idea 
is to eventually improve the robot's behaviour after 
several loops of reinforcement learning. 
Some more machine learning concepts used in 
robotics currently are computer vision, imitation 
learning, self-supervised learning and multi-agent 
learning [16]. Computer vision provides the ability to 
swarm robots to use visual data to forage and perform 
tasks. Imitation learning is the process of learning by 
example or copying, imitation learning is a type of 
unsupervised learning. Multi-agent learning in 
distributed robotic systems helps the robots learn by 
sensing and coordinating with other members of the 
system to attain equilibrium. 
 
CONCLUSION 
 
Swarm robotics is a relatively new field in robotics 
with immense scope. Swarm robotics is an efficient 
alternative to conventional robotics due to the 
inspiration it draws from problem solving by social 
insects, which is flexible, robust, decentralized and 
self-organized Though a lot of research has been done 
on swarm robotics, practical challenges remain. We 
have explored the areas of research in swarm robotics 
from the sources of inspiration, communication 
between robots, control, localization, cooperative 
movement and execution of tasks to more recently 

emerged self-reconfiguring swarm robots. The 
existing swarm robot systems have been classified 
based on the areas mentioned above. Machine 
learning algorithms can be applied in swarm robotics 
to greatly improve their capabilities.  
Progress in hardware and cooperative algorithms will 
greatly improve swarm robots and swarm intelligence 
from where we are today. 
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