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ABSTRACT

Swarmintelligenceisan intelligence emergent phenomenon that the simple
individual interactions of nature biological groups result in complex
intelligent behavior. In this paper, the problem of fish behavior evolution
is aimed at, the vector model based on the multi-Agent fish swarm
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environment, the main body and the behavior regulation have been
established by the analysis of fish moving, looking for food and so on.
The synthesis algorithm which is used to confirm the direction and speed
of a single fish in the process of group behavior evolution, and the
framework model of fish swarm behavior evolutionisestablished. Finally,
the proposed algorithm is proved to be reasonable by simulation

experiments. © 2013 Trade SciencelInc. - INDIA

INTRODUCTION

Theresearch on swarmintelligencetheory hasap-
peared sincethe 1980s and has obtained moreand more
atentionasanemergingdomain. Thesvarminteligence
mainly studiesthe group behavior of thegroupliving
creatures such asants, birdsand so on. Beinginspired
by theintelligent phenomenon of group behavior innatu-
ral biology community, it isaspecific research pattern
sudying thesmplebiologicd community’sintelligence,
namely the characteristic of thesmpleintelligent indi-
vidud digplayingthecomplexintdligent behavior through
interaction.

Group behavior smulationisawaysachalenging
research. In twenty-first Century, large-scale group
smulation technology hasbeen rapid development. The
computer science professor ErikAndersenin Univer-

sty of North Carolinahas study thereal-time path plan-
ning of multi-agent dynamic virtud environment, andthe
method of using VVoronoi datastructurefor motion plan-
ning and demongtration of the path and motion planning
with dynamic obstacle avoidance of thecity groups of
peopleisproposed, the data structure of VVoronoi ex-
hibitsgood performance[1]. Themorefamousinthe
aspects of group behavior modeling isthesocial force
model based on physicq 2], thismode describesrela
tionshipsbetweenindividud sof group peoplein phys-
cd, themovement behavior of individua isdetermined
by avariety of forces, theseforcesincludedrivingforce,
avoid other people or objectsto thetarget, the repul -
siveforceand attractiveforce of export. Themodel of
Pdlechanoreferred to socid forcemodel isusedtoSsmu-
late high dengity popul ation emergency evacuation sce-
narios, and the scenes of the crowd automatic distribu-
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tionintheoppogtedirection, non-panic automeatic queu-
ing and panic state crowd are described[5]. The
OCEAN personality model isput forwardtoimprove
the credibility of crowd animation by Durupinar, this
method mainly discusses somedistinguished individu-
alsscheme, thereisno specific discussionson how to
escapethe crowd persondlity to drivethe behavior[6].

Thisarticlestudiesthegroup behavior of fishswvarm
throughthemulti-Agent syseminwhichtheindividua
fishisregarded to be Agent, and thefish swarmisa
multi-agent system. Agent can senselocal environment
andinformationinthefield of vison scope, thusmaking
adecisontoingtruct itsmotion.

THEANALYSISOFTHE
FLOCK BEHAVIOUR OF FISH SWARM

Thebehavior description of thefish swarmiscom-
posed of the environment, the main body and the be-
havior rule, mainly including food, fishhook and thetwo
kindsof fish. Theenvironment isthespaceof individua
existence in which the agent moves and collectsre-
sources (food). Thetotal sum of theindividual consti-
tutes the community object of the research. The
individual’sevolutionary processiscontrolled by its
behavior rule. The behavior rule hasdecidestheinter-
acting methods between theindividua s and between
theindividua and theenvironment. Theindividud sur-
vives depending on food resources and the consump-
tion of itsown energy. At any timetherealwaysisaset
positionfor theindividua intheenvironment.

The positionisdetermined by thedirectionit occu-
pies. Sincetheindividua of thecommunity intelligence
research only hassimpleintelligence or doesnot have
intelligenceat dl, their ability to sensethe environment
isvery limited, thereforetheindividua should dso have
certain perception area, inwhich eachindividua can
sense other individual s acting situation aswell asthe
resources distribution in the environment and knows
nothing outsidethe perception area. Theindividua col-
lectsresourcesto preparefor energy consumptionin
thefuture. Theindividual may die of hunger or may be
fished by fishhook and dies (ordinary fish area so pos-
sibly preyed on by others). Between fish swarm, they
interact according to therespectivebehaving rules, hence
creating amacroscopic phenomenon and result. The
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Figure1: Fish living environment

relationship between variousmain bodiesinteraction can
beshowninFigurel.

THE DESCRIPTION OF THE
BEHAVIOR OF FISH SWARM INTHEIR
ENVIRONMENT

When thesmulation iscarried on by thecomputer
to study thebehavior of fish swarm, the activity envi-
ronment of fish swarm may be defined asalimited two-
dimensiona surfaceregion, using reflective boundary,
to which thefish toursto and then bouncesback. The
concrete environment descriptionislikethefollowing:
inatwo-dimensiona flat world constructed by width
and length, aseries of movement spot replacesthein-
dividua fishthrough the contact surface on compuiter.
When the parameters of coordinates, speed, and soon
are established for those movement spots, thered fish
can bemappedinthevirtua environment, andthenitis
poss bleto describethefish swarmindividualy tomove
about and seek food in thisregion.

Thedescription of the position and thedirection of
individud fishsvarmareasfollows:

{vx = v-cos(direct)

v, = v-sin(direct)

{x' =X+V, D

Yy =y+v,
Here v, isexpressed astheindividual vel ocity compo-

nent inthedirection of x, v, isexpressed astheindi-
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vidua ve ocity componentinthedirection of y, directis
expressed asthe swimming direction, namely thein-
cluded angle of the swimming direction and x axis. (X,
y) isexpressed asthe coordinate of target |ocation.
Thesimulation environment on computer alsoin-
cludesinformation of food, bait and so on. Thiskind of
information may be stored by definingan array variable
world[x] [y]. World[x][y]=0 expresses this spot has
no element, world[X][y]=1 expressesthisspot isfood,
world[X][y]=2 expressesthisspot isbait.

OBJECT DESCRIBE

Intheresearch of the behavior of fish swarm, the
coreand thekey istheindividual modeling. Thisre-
search regards each fish asAgent who isan indepen-
dent policy-maker. They will sensetheenvironment by
observation, andwill Szeup accordingto certainrules.

Threekindsof subjectsaredefinedinFigure2: Fish,
food and hook. Among them, the subject of fishin-
cludesordinary fish (Pfish) and predator class(Hunter).

/'/--f..
-~ -
/_}:_/_/” Predator fish
7 Fish Prey fish
(K
Object "“T-\Kf"fN atural food
s
Food ‘“‘-RO
Hook food

Figure2: Object categories

Fish

Fish surviveson environment, collecting resources
from theenvironment to increasetheir own energy con-
tent. Theinteraction between individuasispartia, de-
cided by itsperception range. Their interaction can only
occur inthe neighborhood, which may be defined by
thefunction of food-seeking condition.

>1 thestate of repletion

S(t)=(E,-p+Ea)/E ,—-B=9<0 the state of death (2)
othersthe state food - seeking

And, E,isexpressed astheinitia energy, uisex-

pressed asthe consumption energy inunit interva/unit
time, isexpressed asfood energy, o isexpressed as

BioTechnologqy —

theamount of food that thisAgent eatsat the moment
of ttime, S isexpressed astheamount of bitethat this
Agent eats (only totakeOor 1).

Food

Food hasthe static attributesasfollows:

« Energy: theenergy content contained by eechfood
isasotheamount of energy that may provideto
thefish.

* LOCatioN ( Xieeg » Y teeg ): USEd fOr determining the

position of food in environment, expressed by
their coordinates. Food will not move, therefore
thecoordinatewill not change.

+ Color: the color that food demonstratesin the
environment. Itisset redinthismodd. Thetem-
plateisusedto format your paper and stylethe
text.

Hook

Hook hasthestatic attributesasfollows:

+ Color: Thehook subject displayscolorsinthe
environment. Thecolor isset astheyelow inthis
modd.

+ Position: Using for determining the position of
hook subject intheenvironment, indicatingit ac-
cording to the coordinates, the hook subject can-
not move, therefore, the coordinates will not
change.

Ruledescription

Each fish must observethreerules (approach the
centreof theneighbor asfar aspossible, consist with
the direction of the neighbor asfar as possible, and
avoid collisionsasfar as possible), thesethreerules
can play apart in changing thedirection of fish swim-
minginnext moment, thefish swimming cannot change
immediately, and al so show somekind of inertiafunc-
tion. According totheaveragedirection of thefour di-
rectionsasthefish swimmingdirectionin next moment.
Becausethedirection istheincluded anglewith hori-
zontal direction, therefore, it only needsto averagethe
included angleof thefour directionsand horizonta di-
rection, which means, thefish swimmingdirectionin
next moment.

Theformulaisexpressed as.
Di.y=Dy+Dy+Dy+Dy (©)

t+1
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Intheformula, D, istheAgent’sswimmingdirectionin
nextcycle. D, isSAgent’ssvimmingdirectionincyclet,
D, isthecurrent individud tothedirection of neighbor’s
averagepositionincyclet, D,, istheaveragedirection

of neighbor’s, D,,, isthe neighbor which lessthan colli-

sondistancetotheaveragevaueof current individua’s
direction (Fgure3). Incondderation of variousruleshave
different influencefor fishes, weneed toweighting each
directionto get theaverageva ueof weighting, thesize of
welght may determineaccordingtothe preference.

Point to the direction of
neighbor center

Formulaisexpressed as.
Di
sz:Z‘T‘(ieN) (6)

D, iseach neighbor direction, N isneighbor number,

D., istheaveragedirectionof neighbor.

Therepelency (avoidscollision). Whenindividua
getscloseto it neighbor (the distanceis shorter than
collisondistance), should avoid automatically.
Formulaisexpressed as.

Zarctaniy0 —Yi

b ()

D4t - ‘M‘

The moving

direction of the agent

Collision avoidance

Point to the direction of
neighbors

Figure3: Fish swimmingdirection

D,,; =A,D, +A,D, +A,;D, +A,D,, 4
Where A, +A, +A;+4, =10

Describing thethreeswimming rulesseparately as
bdlow:

Thecentrdity (gpproaches). Eachindividud hasthe
characteristic to close up theneighbor center; theneigh-
bor center istheaverage valueof individua amongthe
range of observation.

Formulaisexpressed as:

S _XPi y-y
P:W(ieN),DZt =arctan;_xz (5)

P(x,y) is the average value of neighbor,

P, (X, Y,) iSthecurrentindividua sposition, P, isthe
each current neighbor’sposition, D,, isthecurrentin-
dividua postionto p direction.

Theisotropy (dliens). Theindividual will swimin
thesamedirection withitsneighbor.

D,, istheaveragevaluethat the neighbor whichless

than collision distancesto the current individual direc-
tion, M istheneighbor number whichlessthan collison
distancesamong theneighbors.

APPLICATION SIMULATIONS

Thissmulation system establishesfrom bottomto
up which adoptstheartificid lifemethod, may describe
thefish school’s swimming in the ocean effectively, as
well asbehavior changesof theindividud ’swhichinput
food. When environment change, fishindividua sgen-
erate different behavior along with the environment,
whichreflectstheindividud s adaptability to theenvi-
ronment. Theanays sprocessisput forwardinthestudy
of group behavior evolution problem asFigure4.

Based on multi-agent modelling techniques, the
method of multi-agent classisintroduced during estab-
lishing fish behavior smulation model inorder tore-
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Figure4: Analyzing processof behavior evolution
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Figure5: Processof smulation modeling

(a) Hurl food state

(b) Fish flee hook

Figure6: Simulation result.

ducethe scaleof model definition, thebasic processis

shown asFigure>b.

Theresultscan beseen, theorigind stateindividud
distributesin the environment randomly, hastheran-
dom city. After passing severd stimulation cycles, be-

cause of observing the swimming rulesto swim, which
havetheindividua aggregated result. Each stimulation
cycle(Figure6), individua must consumeown energy
tomantainthesurviva, whentheindividud energy con-
tent depleted, thisindividua deeth. Findly, dl individu-
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aswill diefor energy consumption.
CONCLUSION

The community intelligenceisakind of modeling
for thebottom individua which only possessesthelim-
ited perceptibleability, theseindividuasfollow thesmple
behavior rule, and the complex group behavior isthe
characteristicwhich completely emerges spontaneoudy
from bottomto top. Therefore, may establish the stimu-
lation mode of anima groupsincomputer; achievethe
aggregated emergenceeffect through computer’smodel
interaction. Inthisarticle, according to establish stimu-
lation modd for fish behavior which containstwokinds
of fish subjectsthat have reproduction ability and preys
onrdational. Fish swimming, inputting food and bait
areal stimulated, and then obtain therelevant data. It
may stimulatedifferent effectsthrough settingup differ-
ent stimulation parameters. Thiswork was supported
by science and technology key research of BelJing edu-
cational commisson.
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