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ABSTRACT

This paperpresentsanoriginal approachfor thedetectionof
auto-organizatedcoherentstructuresin a fluid flow simula-
tion. This methodis basedon vortex methodsand multi-
agentsystems.Wethenuseautomatato simulatetheinterac-
tions betweenthesestructuresandthe inducedevolution of
their stability.

INTR ODUCTION

We study the simulation of fluid flows where multiscale
coherentstructuresevolve dynamically (Tranouezet al.,
2001).We focusourattentiononcoherentstructuresdefined
hereasvortex formations.Thesecoherentstructuresarefor
example,swirls which areformedbehindobstacles.These
structuresareborn,grow or die duringthesimulationunder
the effect of mutual or external interactions. The goal of
the studypresentedin this paperis to implementautomatic
detectionof suchdynamicalcoherentstructuresandthento
representthem in the simulationas collective entitiesable
to evolve eitherthrougha reinforcementof their stability or
devolvethroughdestabilizationandbreaking-up.

In the first section,we describethe vortex methodsusedto
computethe fluid flow in the basiclevel of the simulation.
In the secondsection, we presentthe structuredetection
method. The third section describeshow thesedetected
structuresare representedand how their evolution is man-
aged.The lastsectiongivesthe resultsof simulationsmade
in Java with theMadkit multi-agentsplatform.

VORTEX BASED MODEL FOR FLUID FLOW SIMULA-
TIONS

Thebasiclevelof thecomputationof thefluid flow is handled
using vortex methods(Leonard,1980) in two-dimensional
space. These methodsare gridless technics where vir-
tual interactingentities,carryingvorticity, evolve following
adecentralizeddiscretizationof theNavier-Stokesequations.

The fluid flow is discretizedinto a setof particlescarrying
vorticity ���� ���
	 �� ��������������

. Theseparticlesinteract among
themselvesandmovealongtheflow they represent.

Theparticlesvelocity is computedwith theBiot-Savart reg-
ularizedformulation:
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where . is a small parameterwhich value is approximated
by 243 0 + , 2 is the minimal distancebetweenneighbouring
particles.

The particles localisation is then computedby velocities
integration.

Whenthefluid viscositycannotbeneglected,thevortex dif-
fusionhasto becomputedusingthefollowing equation:
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Figure1: Successivesub-stepsfor clustersformation

COHERENT STRUCTURES DETECTION IN FLUID

Thecoherentstructuresdetectionis split in two mainsteps.
First we detect clustersof close particles sharing certain
properties. Then for eachcluster, we computethe ellipse
closest to its border, as ellipses are the usual shapesof
naturalswirls.

The fisrt step is describedby the figure 1. The Delaunay
triangulationis performedover the whole set of particles.
Afterward, the associatedminimal spanningtree is com-
puted.In this tree,webreaktherelatively too longedgesand
theedgesconnectingcontrarotativeparticles,i.e. of different
rotationsense.At theendof this step,many small treesare
obtainedandrepresentemergentclustersformations.

Theconvex hull of eachclusteris thencomputed,usingGra-
ham algorithm (Graham,1972). Finally, an ellipse based
identificationis madefrom theseconvex hulls. This iden-
tification consistsin the minimization of the squareof the
algebraicdistancebetweentheellipseandtheconvex hull:S �PT U� �6� & �WV �PT 	����9 1
whereV �PT 	��X��ZY\[ 1 ,^] [4_ ,a` _ 1 , 5 [ ,ab _ ,^c �edWf
is the ellipse algebraicequation,and

���g� � [4��	�_h�� is the
co-ordinatesof oneof the i pointsof aconvex hull.

This minimizationproblemlacksoneconstraintto admitan
uniquesolution.We thereforeadda conditionwhich canbe,
for example,oneof thefollowing :j Gandercriterion(Ganderetal., 1994):Y ,a` � �j Fitzgibboncriterion(Fitzgibbonetal., 1996):L Y ` � ] 1 � �
An exempleof suchidentificationswith thesetwo conditions
is shown in thefigure2 wherethedarkerellipsecorresponds
to Fitzgibboncriterionandthelighter ellipsecorrespondsto
Gandercriterion.

This identificationis completedwith the useof compacity
criteriawhich increasethepoint densityon theconvex hulls
to obtainellipseswhosefrontier is nearestto the whole set
of particlesin the cluster. Finally the ellipseeccentricityis
computedfor eachidentificationto removethetoo flat ones.
Indeed,naturalswirlsoptimalshapeis thecircle.

AUTOMATA BASED MODELIZA TION FOR FLOW STRUC-
TURES EVOLUTION AND STABILIZA TION

Once the fluid structuresdetected, we have to model
their evolution during the simulation. Different types of



Figure2: Ellipseidentificationon particlescluster

interactionshave to be taken into account. Contrarotative
close structuresdestabilizeone another. Isorotative close
structuresincreaseone anotherstability. We model these
qualitative evolutions in eachstructurewith an eco-agent
(Drogoul and Dubreuil, 1992) built on an automatonwith
multiplicities (Bertelleet al., 2001).This kind of automaton
is well suited to representinteractingagentbehaviour in
multi-agentsystemfor solvingclassicalproblemin artificial
intelligencein a distributed way. This resolutionis called
eco-resolution. In the distributed descriptionof the fluid
flow studiedin this paper, the dynamicstructuresmanage
their mutual interactionsthrough an eco-resolutionwhich
leadsto solve thenon linearaspectsof thewholesystemof
interactions.
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Figure3: Eco-agentbehaviour asautomatonwith multiplic-
ities (in transducerform)

An eco-agentis characterizedin its genericformulationby:j an internal statewhich is oneof the following: to be
satisfied( k ), to searchsatisfaction( k�k ), to flee ( V ) or
to seekto flee( k V ); theinitial stateis ( kUk ) andthefinal

stateis ( k ); thefinal stateof satisfactioncorrespondsto
thegoalof theagent;j elementaryperceptionswhich are:

– to beattacked(by otheragents):eventdenotedT ;

– to perceive someintruder (such as other agents
preventingit to besatisfied):eventdenotedl .j elementaryactionswhich are:

– to flee( Q V );

– to satisfyitself ( Q-k );

– to attackotheragents( QmT );

– to do nothing( i � ).
The behaviour of the eco-agentcan be representedby the
automatonof thefigure3. Thestatesarethosedescribedbe-
fore andthetransitionsarelabelledwith couplesconstituted
by the correspondingperceptionsandactions(separatedby
averticalline). Theseactionsarethosedescribedbeforeand
theperceptionsareall thefour combinationsof existenceor
nonexistenceof the two elementaryperceptionspreviously
described:
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Figure4: Intrudersperceptions

Usingeco-agentsasbehaviour modelfor a specificproblem
consistsin fact in defining the two elementaryperceptions
(to be attacked and to perceive intruders)and the four ele-
mentaryactions(to do nothing,to attack,to flee, to satisfy
himself). That’s what we definenow for our specificprob-
lem,fluid flow structuresinteractions:j Perceiving intrudersmeansa structureinterceptsan-

other one or at least is on a collision coursewith it.
The nearbystructuresaredetectedby addingan addi-
tional interactionzonearoundeachstructure.The fig-
ure4 sumsup thedifferentpossibilityfor contrarotative
structuresin a closevicinity andtheassociatedpercep-
tions.



j Attackinga structuremeanssendingthecorresponding
messageto this one.j Beingattackedmeansbeingonthereceiving endof said
message.j Fleeingmeansactinguponone’sdestabilization.In this
case,the structurereducesits dimensionandgenerate
elementaryparticleson its previousfrontier to preserve
thewholerotational(seefigure5).

Figure5: Structureflight asreducingits dimensionj Satisfyingoneselfmeansincreasingone’s stability. In
this case,the structuretries to aggregatenearbyparti-
cles of the samerotational. The aggregation process
consistsin the researchof the minimal spanningtree
from its frontier, linking particlesof thesamerotational
thatthestructureitself. If theDelaunaytriangulationas-
sociatedto this minimal spanningtreeis compact(that
is, if the ratio of the sumof all trianglesareaover its
convex hull area, is near the numericvalue 1.0), the
particlesareaggregatedto the structureanda new el-
lipse identificationis thenmadewith them. Thefigure
6 shows suchprocess:the left particlessetwill be ag-
gregatedto thestructure.The top particlessetwill not
beaggregatedbecauseits associatedtriangulationis not
compact,probablydueto thefactthatit maybethefor-
mationof a new vortex.

Figure6: Aggregationfrom structurein satisfactionprocess

IMPLEMENT ATION AND SIMULA TION RESULTS

An implementationof asimulationusingthismodelfor fluid
flow hasbeencarriedout in Java (Lerebourg, 2002). The

structuresinteractionis implementedusingagentprogram-
ming basedon the Madkit platform (GutknechtandFerber,
1997). Qualitative graphicalresultsshow realistic simula-
tions for thestabilization/destabilizationprocessof interact-
ing structuresafter their automaticdetection. The figure 7
shows theevolution of a ring of fluid structures.This ring is
initialy constitutedby:j a largestructureof negativerotation(lighter line) in the

centerof thering;j two cerclesof structuresof positive rotation (darker
line) aroundthe previous one; the inner one contains
larger structuresand the outer one containssmaller
structures;j a sequenceof contrarotativeparticlescouples,inducing
adisplacementfrom left to right andwhicharegoingto
enfoldthering;j a constantlinearflowing is createdfrom left to right in
thedomain.

This experimentationshows the effect of the rotationof the
ring on itself. Theelementaryparticlesplayadestabilization
role. After somestep(3rdpicture)thecentralcontra-rotative
structurebeginsto reduceitself andis finally destroyed(4th
picture), generatingelementaryparticles diffusing in the
flow.

CONCLUSION

Thestudypresentedhereis thefirst stepof theimplementa-
tion of a multi-level fluid flow description.Automaticpro-
cessmanageinteractionsbetweenemergent structuresand
betweenthe two scalelevels implemented(macro-microin-
teractions). The usualway of modelling fluid flows uses
meshes.It is a globalmethod.Therefore,it handlespoorly
local discontinuities.Our approachis local andit allows to
modelmoreheterogeneouscomplex systemswhereentities
of othernaturewill berepresented(likeobstaclesor biologi-
cal onessuchasbacteries).Thelocal approachof themodel
basedon autonomousentities(as per the agentparadigm),
unableusto describeaccuratelyinter-scalesphenomena,car-
ried by thefluid flow in aquaticenvironments.
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