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Abstract

In this paper, we utilize the swarm behavior in nature for
stability of the multi agents system. We propose a
mathematical model describing the movement of the agent of
multi agents system with disturbance function. Different from
the existed models which do not disturbance. This model is a
dynamics system consisting of many agents with disturbance
function. The first, we study stability of the multi-agent model
with disturbance function, and we do some simulation. An
estimate of the time when all agents start entering the annulus
is presented. The second similar behavior will also be
presented in this paper that the agents aggregate and enter a
certaing-annulus. It is shown that the members of a swarm
will aggregate and eventually form a cohesive cluster of finite
size around the swarm center. In the last section will show the
results of numericalsimulationof the swarm behavior with
disturbance function.

Keywords: Multi Agents System, Disturbance Function,
Aggregate, Numerical Simulation.

|. INTRODUCTION

First swarm phenomena modeled mathematically by
Breder[1] which discussed the attractor force and repellent
force between two members of swarm.
Somescientistsalsodiscussedswarm, i. e., Gazi and Passino[3,
4]proposed a swarm model and studied its aggregation,
cohesion and stabilityproperties. Wang et al [11] generalized
their model. They introduced the coupling matrix and a real
positive parameter and studied the properties of aggregation.
The coupling matrix is symmetric, that is the interaction
between two agent of the swarm are reciprocal. Chu et all [2]
generalized Gazi and Passino model, where they introduced a
coupling matrix. The coupling matrix is symmetric, that is
theinteractions between two agents of the swarm are
reciprocal. Shi et all [10]proposed a swarm model analogous
with Chu et all model, but the couplingmatrix is asymmetric.
Miswanto, et al [8], study about stationary of swarm center
and stability analysis of themodel with Lyapunov method.
This work is a modification of a modelproposed by Miswanto
et al [7]. Gazi and Passino[5] study thestability of the
collectivebehavior of social foraging swarms, i. e., swarms
moving in a profile of nutrient/toxic substances (an
attractant/repellent profile). Liu and Passino [6] study swarm
cohesiveness as a stability property and use a Lyapunov
approach to analysis cohesive social foraging even in the
presence of "noise" characteristic. Parrish, Viscido and
Grunbaum [9] studied some differences in behavior
algorithms and aggregation statistics among existing

schooling models. Warburton and Lazarus [12] also
considered an individual-based swarm model and studied the
effect on cohesion of a family of attraction/repulsion
functions.

In this paper, we propose and study an extension of the
Miswantoet all [7] where we introduced perturbation to the
system. Analysis of the stationarity of the swarm center and
behavior of swarm agents around the swarm center are
reported.

In the next section, we present the swarm model with
disturbance and behavior of swarm agent around the swarm
center. In section 3, we showthe illustrate our resultsof
numerical simulations for different attractant/repellent profile.

1. SWARM MODEL WITH DISTURBANCE
Consider a swarm model of M agents with disturbance in an N
dimensional Euclidean space. The model is given by

M
J'Ci = Zwijf(xi _XJ) +]/i,i = 1,2,3,...,M
j=1

1)
herex; =%,xieRNrepresents the position of thei-th
individual, G = [w;;] € R¥Vis the coupling matrix with
w;;elements of nonnegative integer for alli,j =1,..,M.In
this paper, matrixGis assumed to be symmetric, thatisw;; =
wj; for alli, j andw;; =0 for all {=1,..M. The symbol

f()represents the term of attraction andrepulsion among
members. The attraction/repulsion function is given by

-
fO)=-y (a B b+c||y||2)’

)
wherea, b, cand rare positive constant witha « rand||y|| =
JyTy is the Euclidean norm. The parameter arepresents the

attraction and the termbﬂﬂy”zrepresents the repulsion. The

function is attractive for large distance and repulsive for small
distance. The perturbation function satisfies yi(t) — Ofor t—
. The functions are assumed to have a decreasingproperties:
y:(t) < Ke=F1t where K andp,is a positiveconstantand t is
non-negative time variable. Next, the stationarity of the
swarm center and behavior of swarmagents around a certain
point called swarm center are stated.

The swarm center is given by

- _ 1M
X=Xz X

3)

43705


mailto:sentot_achmadi@yahoo.co.id
mailto:miswanto@fst.unair.ac.id
mailto:marjono@ub.ac.id

International Journal of Applied Engineering Research ISSN 0973-4562 VVolume 10, Number 23 (2015) pp 43705-43708
© Research India Publications. http://www.ripublication.com

Theoreml: The center of the swarm (x) described in (3) is Thus

stationary fort — co.
V< 2awMV+Z Z efw(x, —x) —————
i=14-j=1 b+c||x —x||

Proof: This proof follows from the proof of theorem in [4]

Since
1o +3M, T (0 - 230, 1,®)
X =— X
Mzizl v M M r
< —2awMV + wiillel || || — x| ——————
Then o 2oy 2y il M =5l
M 1
Thus, we obtain +XiL el (Vi ORIy 27 (t))-
M Since function ||x; — x;|| ——— is a bounded function
. 1 M b+c||x —X; ||
X':MZ ZW,_]f(xl_x])‘}']/L . i . .
=1\ whosemaximum is given by;r\/;, we have
From the definition of the function attraction andrepulsion ) 1 [1 M M
f), f(=y) = —f(y) for all y € R". Hence V< —2awMV + -1 EZ- 1(”#”2, 1wij>
i= j=
= w2 +3M e (@ - 131, y,0),
Therefore, x — 0as — oo. This completes the proof. 1 |1 —m M
The following theorem shows that all agents will aggregate < —2awMV + =r —Z (IIeiTII Z wij>
and approach a bounded region around the swarm center. 2 \belaizy j=1

Theorem 2: Let the swarm model be (1) with an attraction and + XL lle] I (ll%(t)ll +— ||ZJ 1Y (f)”)-
repulsion functions (2). Then, all agents will aggregate and
approach a bounded region 1 |1
< V| 2awM\V — V2 ST [poA+2K
Q={: Xl llx —xlI? < p?)

Where ,
AB + 2K
=—,w= W; . =rA +2K

P \V2awM i/t M( i) V < OthenV > L

and \/_awM
A=Y1w
| B

Proof:

Let e; =x; —xthusé; = x; —X. ChooseV =Y Vas a

. 1 5 I11. NUMERICAL SIMULATION
Lyapunov function for the swarm whereV; = € e Then

In this section, some numerical simulations to illustrate model

. Mo M r (1) are reported. Fig. 1-4 show the simulation results, where

V= Z € —z ij (x 1) T M =10,a =1,b = 1,c = 0.2and r = 20. Thisconstantusing

b+ cllx —x° the constantGaziandPassino(2003). The coupling matrix Gis

generated randomly bynonnegative integer (0-10) and is

+]/L(t)——z Yi (t)} symmetric. Fig. 1 shows the numerical simulations of the

trajectoriesof the members of the swarm model without

disturbance. It can be seen from Fig. 1 that the swarm

Z z el w; (x; — J)< ) members aggregate towards a bounded region. Then, they
=1e=t b +C||x - ” continuously move together in a spiral motion.

Fig. 2 shows the trajectories of the members of the swarm
+Xi (yl(t) J= 1V1(t))’ model with disturbance(y;(t) = y(t)) for everyi=1,..M
M o wherey (t) = exp(—8t)sin(0.5¢). It can be seen that
= _azz el Wij(xi_xj) thesyst(_am shifts to the same dlr(_actlon as y axes but the
' systemis stable although there are disturbances.
Fig. 3 shows the trajectories of the the swarm center
+Z Z e! Wu(x ) r withoutdisturbance. It can be seen, that the swarm center is
=1 Lmd j=1 b+ c||x — X || stationary.

+3M e (r®O - 23,y ©)
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Fig. 4 shows the trajectories of the the swarm center with
disturbance. It can be seen, that the swarm center is
stillstationary although there are disturbances.

Fig. 1. The trajectories of the agent of the swarm model
Withoutdisturbance. Number 1, 2, 3, etc denote agent of
the swarm model.
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Fig. 2. The trajectories of the agent of the swarm model
with disturbance. Number 1, 2, 3, etc denote agent of the
swarm model.
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Fig. 3. The trajectories of the swarm center without
disturbance.

6 e

\)
IR /

Fig. 4. The trajectories of the swarm center with
disturbance

FUTURE WORKS

The analysis method for the swarming behavior of multi-
agents with disturbance under certain condition on the
coupling matrix have been presented in this paper. From the
numerical simulations results, the swarm’s center is still
stationary and the swarm agents aggregate around the
swarm’s center. In the future works, it is interesting to apply
this model in engineering field such as in flying inverted ”V”
formation of the airplane.
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