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Abstract— This paper presented review formation control of
swarm robot. Recently the problems formation control of swarm
robots has attracted much attention, and several formation
control schemes were proposed based on various strategies. The
formation control strategies to solved these problem on swarm
robots, with considering regulation concept in control theory.
Swarm intelligence algorithms takes the full of advantages of the
feature of swarm robotics, and provides a great solution for
problem formation control on swarm robots.

BACKGROUND

Swarm robotics is a new approach to the coordination of
large numbers of relatively simple robots [1], that are
autonomous, not controlled centrally, capable of local
communication and operates based on some sense of
biological inspiration [2]. Swarm robotic research is often
inspired from biological systems such as insect colonies
[3][4]. flocks of birds [x]. schools of fish [5]. groups of
amoeba [x], bacteria colonies |6], and cells in human or
animal bodies [xx]. The incredible creativity of nature is an
immense source of inspiration for solving problems real-world
on swarm robots.

The real-world applications in swarm robots such as,
military [6], inspect of blades in a jet turbine | 7], oil absorbing
[8]. hazardous waste cleanup [9], search and rescue [10],
security [11]). industrial and household maintenance,
construction [12]. The applications to solve these tasks was
very complicated. To solved these tasks have been proposed
by the swarm robotics researchers, such as foraging and
coverage, flocking and formation, traffic control and path
planning, etc [13].

The flocking problem could be viewed as a subcase of
the formation control problem. Which one, formation control
is one of the most important research areas for swarm robot
applications because generally 1t 1s required a coordination
control to obtain a strategic displacement to achieve a
common work [14][15]. Such problems as initialization of
formation, formation keeping, avoiding static or dynamic
moving obstacles, and coordination between robots to resolve
a specific task or to deal with obstacles remain important
issues in robotic formation control [ 16].

Recently, formation control problems of swarm robots
have attracted much attentions, and several formation control
schemes were proposed based on various strategies for
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example, feedback linearization [17], behavior-based [16],
leader-follower [18], virtual structure [19][20], potential
function approaches [21][22][23][25]. and extremum seeking
control [26] [27]. Other formation approaches have also been
reported in the recent literature, such as a synchronization
approach, graph theory based method and path planning.

In behavior-based approaches is suitable for controlling a
swarm of robots. The main problem of this approach is that it
is difficult to analyze the overall system mathematically to
gain insights into the control problems [16]. It is also not
possible to show that the system converges to a desired
formation.

In virtual structure approaches, the robot swarm is
considered as a single rigid robot and a rigid geometric
relationship among group members 1s maintained [20]. The
formation in this approach is very rigid as the geometric
relationship among the robots in the system must be rigidly
maintained during the movement. Hence, it is generally not
possible for the formation to change with time, and obstacle
avoidance 1s a problem. The virtual structure approaches are
not suitable for controlling a swarm robotics because the

constraint  relationships among robots become more
complicated [25].
The potential field-based approach has been

considerably used for controlling a large group of robots
because of its advantage in controlling the robot swarms such
that individuals stay together as a whole without collision.
However, the potential field-based method has difficulty in
driving the robot swarms to form specific desired shapes, and
selecting potentials to achieve global convergence is also
difficult.

In extremum seeking. 1t 1s a popular adaptive control
technique (C.Zhang. Book ESC) . When source secking i1s
performed using a swarm robotics, the problem may become
mathematically equivalent to swarm tracking. In swarm
seeking, at least part of the potential function is assumed
unknown, and is maximized or minimized collectively by the
swarm . In this case, the maximization or minimization results
in the localization of the unknown source, while also for
instance attaining and maintaining a desired formation.

The many complex task of formation control of swarm robot,
be required algorithms problem-solving which be able to
provides increased performance, flexible, efficiency, and
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scalability as well as robustness. A swarm robotics algorithm
must fit and make full use of the feature of swarm robotics.
The algorithm should explore the cooperation between robots
and share some features with swarm robotics system.

Swarm intelligence and bio-inspired algorithms takes the full
of advantages of the feature of swarm robotics, and provides a
great solution for problem formation control on swarm robots.
Though not all of them are effcient, a few algorithms have
proved to be very efficient and thus have become popular
tools for solving real-world problems. Some algorithms are in
sufficiently studied. The purpose of this review is to present a
relatively comprehensive list of all the algorithms in the
literature, so as to inspire further research

CURRENT RESULTS

The most important requirements of a formation control
strategy are convergence to the desired formation and
collision avoidance. In that case, in order to achieve
convergence to the desired formation the robots must start
their motion with an initial configuration that is in the
attraction region of the desired configuration. Nevertheless,
the dynamics can get stuck at a local minimum and the
convergence to a global mimimum cannot be guaranteed. To
reduce local minima and accelerate convergence the swarm
robot swarm intelligence need to solve the problem in the
formation control.

REFERENCE

[1]  Sahin and A. Winfield, “Special issue on swarm robotics,” Swarm Intell, vol. 2,
no. 2-4, pp. 69-72, 2008,

[2] €. Engand M. East, “A Review of Studies n Swarm Robotics " Turk | Elec
Engin, vol. 15, no. 2, pp. 115147, 2007.

[3] C. Pnciroli, R. O'Grady, a. L. Chnstensen, and M. Dongo, “Self-organised
recruitment in a heteregeneous swarm.” 2009 Int. Conf. Adv. Robot., 2009,

[4] M Dorigo, M. Birattari, and T. Stutzde, “Ant colony optimization,” IEEE
Comput. Intell. Mag., vol. 1, no. 4, 2006.

[5]  G. Lee and N. Chong. “Flocking controls for swarms of mobile robots mnspired
by fish schools.” ... Adv. multi Robot Syst. A. Lazinica, ..., no. May, pp. 53-69,
2008.

[6] [ a Shapiro, “Bacteria are small but not stupid: cognition, natural genetic
engineerng and socic-bacteriology,” Stud. Hist. Philos. Sci. Part C Stud. Hist.
Philos. Biol. Biomed. Sci., vol. 38, no. 4, pp. 807-819, 2007.

[7]1  N. Correll and A. Martinoli, “Towards optimal control of self-organized robotic
inspection systems,” IFAC Proc. Vol., vol. 8, no. PART 1, 2006.

[8] S Ubstation, “D Esign of E Arthing § Ysiem for Hv / Ehv Ac.” vol. 6, no. 6, pp.
2597-2605, 2014,

[9] L. E Parker, "ALLIANCE: An architecture for fault tolerant multirobot
cooperation,” [EEE Trans. Robot. Autom., vol. 14, no. 2, pp. 220-240, 1998,

154

[10]
(1

(12

[13]

[14]

(15

[16]

[17]

[18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

127]

A. Jacoff, B. Weiss, and E. Messina, “Evolution of a performance metric for
urban search and rescue robots (2003),” Perform. Metrics Intell. Syst, 2003.
D. M. Camroll, C. Nguyen. H. R. Everett, and B. Frederick, “Development and
testing for physical secunty robots,” Def. Secur., pp. 550-559, 2005,
R. Simmons, 8. Singh., D. Hershberger, J. Ramos, and T. Smith. “First Results in
the Coordination of Heterogeneous Robots for Large-Scale Assembly,” Proc. Int.
Symp. Exp. Robot. (ISER 2000}, p. 10, 2000.
L. E. Parker, “Handbook of Robotics Chapter 40 : Multiple Mobile Robot
Systems.”
Y. Q. C. Y. Q. Chen and 7. W. 7. Wang. “Formation control: a review and a
new consideration,” 2005 IEEERST Int. Conf. Intell. Robot. Syst., no. 435, pp.
3664-3669, 2005.
Y. Mohan and 8. G. Ponnambalam, “An extensive review of research in swarm
robotics.” 2009 World Congr. Nat. Biol. Inspired Comput. NABIC 2009 - Proc.,
pp. 140-145,2009.
T. Balch and R. C. Adan, “Behavior-based formation control for multirobot
teams.” IEEE Trans. Robot. Autom., vol. 14, no. 6, pp. 926-939, 1998,
L. C.a Pimenta, G. a 8. Pereira, N. Michael, R. C. Mesquita, M. M. Bosque, L.
Chaimowicz, and V. Kumar, “Swarm coordination based on smoothed particle
hydrodynamics technique,” IEEE Trans. Robot., vol. 29, no. 2. pp. 383-399,
2013.
1. 8. 1. Shao, G. X G. Xie, J. Y. J. Yu, and L. W. L. Wang, “Leader-Following
Formation Conirol of Multiple Mobile Robots™ Proc. 2005 [EEE Int. Svmp. on,
Mediterrean Conf. Control Autom. Intell. Conirol. 2005, no. 1d, pp. 808-813,
2005.
A. Benzemouk, L. Adouane, L. Lequievre, and P. Martinet, “Mavigation of mult-
robot formation in unstructured environment using dynamical virtual structures,”
IEEERST 2010 Int. Conf. Intell. Robot. Syst. IROS 2010 - Conf. Proc., pp.
5589-5594., 2010.
M. A Lewis and K. Tan, “High Precision Formation Control of Mobile Robots
Using Virtual Structures” vol. 403, pp. 387-403, 1997.

. Palm, “Particle Swarm Optimization of Potential Felds for Obstacle

oidance.” pp. 117123, 2013
E. G. Hemandez-martinez and E. Aranda-bricaire. “Convergence and collision
avoidance in formation control: A survey of the artificial potential finctions

V7. -Maodeling, Control. ..., no. 1997,2011.

L. Bames, M. a. Fields, and K. Valavanis, “Unmanned ground vehicle swarm
formation control using potential fields”” 2007 Mediterr. Conf. Control Autom.,
pp. 3-10,2007.
L. Bames, W. Alvis, M. Fields, K. Valavanis, and W. Moreno, “Heterogeneous
swarm formation control using bivanate normal functions fo generate potential
fields.” Proc. - DIS 2006 IEEE Work. Distrib. Intell. Syst - Colleet. Intell. Its
Appl., vol. 2006, pp. 85-94, 2006,
C. C. Cheah, S. P. Hou, and 1. I. E. Slotine, “Region-based shape control for a
swam of robots,” Automatica, vol. 43, no. 10, pp. 2406-2411, 2009,
B. Calli, W. Caarls, P. Jonker, and M. Wisse, “Comparison of extremum secking
control algonthms for robotic applications.” [EEE Int. Conf Intell. Robot. Syst,
pp. 3195-3202,2012.
D. ¥ Dimarogonas, C. Ebenbauer, and K. H. Johansson, “Obstacle Avoidance
for an Extremum Seeking System using a Navigation Function,” pp. 4068-4073,
2013.




SCOPUS-2015-CONF-Brief Review on Formation Control of
Swarm Robot turnitin

ORIGINALITY REPORT

23, 16+ 19 11«

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

MATCH ALL SOURCES (ONLY SELECTED SOURCE PRINTED)

1%

* Julio Mendoza-Mendoza, Gabriel Sepulveda-
Cervantes, Carlos Aguilar-lbanez, Mauricio Mendez et
al. "Air-arm: A new kind of flying manipulator”, 2015
Workshop on Research, Education and Development
of Unmanned Aerial Systems (RED-UAS), 2015

Publication

Exclude quotes Off Exclude matches Off
Exclude bibliography  Off



	SCOPUS-2015-CONF-Brief Review on Formation Control of Swarm Robot turnitin
	by Irsyadi Yani

	SCOPUS-2015-CONF-Brief Review on Formation Control of Swarm Robot turnitin
	ORIGINALITY REPORT
	MATCH ALL SOURCES (ONLY SELECTED SOURCE PRINTED)


