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Map of the Randsrad Holland

Urban Growth Patterns _ Agent behavior

The intend of the project is to simulate the different possible growth patcerns of a
polyeentric region, using The Randstad Holland as casestudy. The different polyeen-
tri¢ growth patterns are studied as a 2 dimensional phenomenon - resulting in maps
deplering possible growth parterns within the Randsead region - simulating how we-
ban growth can occur according o the different polycentric parterns, while also rak-
ing into account the physical environment of the region - topology and other natural
elements - and certain economic factors that play a role in the distibution of urban
growhr.

Polycentricity / modes of polycentric development

The Interaction berween agents varies in the three different simulations of polycen-
tric growth:

- in centrifugal mode growrh stares from one primary cenrer and expands
from there in 2 randomly dispersed partern

- in incorporative mode growth starts both from a primary center and
sevelral surrounding smaller cenrers heing incorporared as the urbanizarion
grows. this oype of growth, as opposed to centrifugal groweh, will not
create a totally random dispersal of urbanization, but maintain the primacy
of the initial centers

- in tusion mode several city centers grow ar the same rate, creating a non-
centralized urban pattern, though still maintaining higher densities around
the initial urban centers

impaort igeo.*;
IMport igeop.”
impaort igeo.io.';

IMPort igeogul.”;
import processing.opengl.”;

void semap() |
size (SO0, B0H, 1G.GLY
IG b0,
I topll;
I durationd T000);

IG.open{*boundary_greenheart.3dm");

[Curve bounds = IG layer(“boundary_greenheart ™). curve(0);

ICurve outlines = 10 Javer“boundary_cutline™), curve[(;

IPoind] ateracrors] = 1G. layer(“actractorsl_cites"}. polnea();

[Point]] attractors? = I layer“attractorsd _water™ ) points(};

IG. ploutdines);

outlines.clr 255, 255, 255)

bounds.cle{30, 50, 50

for (ink i=0; i<1; ive) [
new CiyCenter(new [Vec(30,50,0), bounds, cutlines, artractors1, areractors2);

I

for (ior i=0; o1 i) [
new CiCentermew [Veol- 100,-80,00, bounds, cutlines, attractors1,
attractors2);

I

for (ing i=0; i< 1 1440 [
new CiCentermew [Vec-80,-110,00, bounds, cutlines, attractors1,
attractors2);

I

for (ing i=0; G 1 i44) [
new CitCenternew [Vec{B5,-45.00, bounds, outlines, attractors1,
attractors2);

J

IConfig.syncDrawAndDynamics=trues
]

class CiryCenter extends TParticle [
doubls size;
[Sphere sphere;
ICorve bounds
ICurve outlines;
IPoint] ] attractors1;
[Poind] atrractors2;

ArrayList<ICurves lines;

CityCenter (IVee p, ICurve b, ICurve o, IP2int] | al, IPzint [] a2} {
super(pl;
size = 2.5;
bounds = by
outlines = o
attractors] = al;
attractors2 = ad;
lines = new ArrayListeICurves();

]

void interact { ArrayList<«IDynamics>agents) {

int mergeMNum = O

int maxhergeNum-=1;

if {alivel})

for {int i={} i<agents.size(); i)
if (agenes.get(i) instanceof CityCenter) [
CityCenter p = (CityCenterlagents.gee(i);
f (pl=this) [
if (p.posDdistipos()) < {psize/2esize’ 3]} {

if (mergeMum<maxMergeNum) {
double sz = Math. sqro{size®size + psize®psize);
double sized = size + posize;

1 merged To CEFTAILN SATE STOP MOEnEIn

if {sz < 3.5}
slze=gzy

pdelll;

for {int j=0; jcplinessizel); jee) [
plines gerlj).del();

i

for {int j=0x jelines.size(); j++)
lines.get(jl.del{)

1

1
if {pospherel=null)
mesgeMum++;
]
]
j

else if {p.pos().dist(pos{)} < 85 &8 ppos.distipos()) » &5 &8 size »
7 BcBc pasize < 6 Scfc psize » 5 Sofc outlines islnside2d{pos) Scbc
Tbounds.isInside2d{pos)) {

drawing lines between citveenters of same size lareer than certadn number

ICurve line = new 1Curve(p.pos(}.cp(}, pos().cp(}).clri0.6, 0.6, 1.0, 0.05);
linez.add{lne);
i

else if {poposdistipos()} « 10 &8 porize == size B8 cutlines.
islnside2d(pos) Scéc Ibounds jsInside2d({pos)) [

drowing lines between citveeniters of same spze

ICurve line = new ICurvep.pos().cpl), pos().cp(}).clr(0.2, 0.2, 0.24, 0.1);
linesadd{line;

T
X

elae if {p.poa().dist{pos(}) < 15 8cBc p.size » 3 Scfc psize < size Sofc our
lines.isInsidedd{pos) B8 lbounds.isInsideddipos)) {

drawing lines from larger centers 1o new analler center

ICurve line = new ICurvelp, pos(Lepl}, pos{bLopl . clof 98, 0,98, 1.0, (L15)
lines.add{lne);
i
]

IJ‘
i
}

void update() {

i.t.{lDUﬂiﬂtE.iﬁIllﬂldfzd{FDﬂj} | only generate prowth inside countey bound: 11}
1G, plfout of outline");
del(};

retun;
1
1

it {bounds.islnside2d(pos)} { no or Httle growth inside green heart boundary
1G. plMinside boundary™);
del};

retu,
1
1

if {rime(==0) [
sphere = new I3phere{pos.dupl), size/d).clr(255, 255, 255);
new CityCenter(pos.dup().add(TRand. pr{-30, -50, 50, 50)}, bounds, outlines,

attractorsl, attractors2);
1
i}

elee [
if (spherel=mull &8 lsphere.radivs.eqisize/4)) {
aphere.del{l;
sphere = new I5phere{pos.dup(), size/2).clri(255, 255, 255}
1

]

}

if (IRand. pct{0.5)) {
new CityCenter {pos().cp{IRand dis(1G zaxis).lenisize*2)), bounds, cutlines,

attractorsl, attractors2);
1
i}

if {attractors L =null) |
if (TRand. pet{1.530 [
new CinyCenter {pos().cp{IRand dir(1G.zaxds) len{size*2}), bounds, oudines,

attractors1, attractorsd)

T
>

}

if {attractorsdl=mall) |
if (TRand.pet{1)) [
new CityCenter {pos).cpi] Rand, dir{IC, zazis ) Len{size® 210, bounds, cutlines,

arteactors, artractors2);

}

}
}
]

Hvoid draw()[
#saveFrame{“final _simulation4-###.png ")}
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Champions’ diagram of the development of polycentric
Ciries

1. Cenerifugal mode - agents aggregate more or
less randomly within the region starting from a
distincrs cenrer

2. Incorporative mode - agents aggregate primarily
around existing centers, while urbanization thins out
berween cenrers
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3. Fusion mode - agents aggregate so as 1o create con-
necrions berween urban cenrers,

serup of primary code parameters

deifning the class CityCenter

mierged agenes

original agents -

Interaction rule for PointAgents

- agents merge when two {or more) smaller
agents get close, to create larger centers. When
centers reach a certain size they will themselves
STAIT [0 EMiT NEW Agents

I\\ e line 1

Interaction rule for LineAgents -
agents react to the aggregation, connesting aggregations
across the urhanized field

line 2

line 3

Updare rule for all agents -
passive environmental facrors control growth within the
FEgion

Update rule for point agents -

point agents duplicare o produce new agents of smaller
size emitted in random directions from first agent wit-
ing a set distance from previous agent

Update rule for all agents -
passive environmental factors and economic factors con-
trol growth within the region

output of code to image

Interaction rules _ Centrifugal mode

- a tformer monocentric city developed into a polynuclear urban system. due to its
confinucus growth.

- in centrifugal mode growth stares from one primary cenrer and expands
from there in a randomly dispersed parrern.

- agents aggregate freely to create centers of random sizes within the

urhanized field

Interaction rules _ Incorporative mode

a former monocentric city which was developed into a polynuclear urban system
through the incorporation of smaller centres in the surrounding area {(incorporarion
mode)

- in incorperative mode growth starts both from a primary center and
several surrounding smaller cenrers being incorporared as the urbanization
grows. this oype of growth, as opposed to centrifugal growth, will not
create a totally random dispersal of urbanization, but maintain the primacy
of the initial centers

Interaction rules _ Fusion mode

a union of several previously independent centres of similar size, which were ar-
ranged in different shapes (fusion mode)

- in fusion mode several city centers grow ar the same rate, creating a non-

centralized urban pattern, though seill maintaining higher densities around
the initial urban centers

Simulation of urban growth patterns - Centrifugal mode, Incor-
porative mode and Fusion mode

The different parrerns are simulared wich the chosen sire as a case study.
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low density growth

2. Incorporative mode - agents disperse equally
throughout the urban region defined by several existing
ity centers. Ourside of the existing centers, urbaniza-
rion spreads out thinly by maintaining a minimum
distance between point agents once agents merge to a
certain size

Urban Growrh Simularion, Existing condirions

1. The physical environment has an impacr on the
distribution and aggregation of agents - lower arcas
decreasing growth rates, while waterways increase pos-
sibility of growth

2. Economic factors increases possibility of growth
around larger urban centers,
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1. Cenrrifugal mode - urban growth starrs from a pri-
mary city center, from which agents disperse randomly
within the urbanized region.

3. Fusion mode - agents primarily apgregate beraneen
existing urban centers, crearing dense urbanized zones
berween existing centers

Urban Growth Simularion, Cenrrifugal mode

Urban Growth Simulation, Fusion mode

Urban Growth Simulation, [ncorporative mode
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