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In a glVenlocation on a map，the population’s  

densityisinl］uenced bylocar factors，aS  

topographyorIanduse）avvs，andbyitsproximity  

tothecentresintheregIOn．Wecandividethese  

infIuencesin two groups：localinlJuences and  
CentreS’influences，thelast depending on the  

relativepositionofthe）ocationwhosepopuIation  
density we areinterestedin．A givenlocation  

being generaJlyinf［uenced by varjous centres，  

theseinfIuencesmlngJe．Therefore，thepvoposed  

method shou［d be able to approximalte the  
individualcentres’influences and the way all  
theseinfluences combine to resu］tin the actual  
POPulationdensity．   

2）甘的◎M¢舶D  

a）Requirementsforthemode［   

We need aninstrumentto map the expFanatory  

Variables（POPulationdensityina”points，CentreS  

POSitionsandcharacteristics，relativepositionsof  

the centrestothe pointswherewe estimatethe  

POPuIation density．．．）to the dependent variable：  
the popuIation densityin our example．Various  
methods exist to accompIish this，COnSisting  
essentiallyinfittingagJVenfunctiontothedataby  
adaptingits parameters，The disadvanCage of  
thesemethodsistheimplicitassumptionmadeon  
thebehaviourofthesystembythechoiceofthe  
function，unless the functionis a universal  
approximator．Moreover，tObeabletogeneralise，  

thefunction need to bewerlbehaved outside the  
Set O†points that was used to adjust the  
ParameterS．ArtificialNeuralNetworks（ANN）  

have these properties，and they can be  
COnSideredasageneraJisation o†the polynomial  
fittingand）inearregression．  

The modelaJso need to preserve the spatial  
relations between theinput data，Vdthout these  
relations being explicitlylnPutted for each point  
buttheoneimportanttorepresentthemap．］fwe  

faiJtomeetthisrequlrement，thenumberofdata  
becomequicklyintractable．   

b）Modersdescription   

】fwe admit thatthe centres’infJuences decrease  

With distance，We CanJimit our analysIS tO the  

Closestcentrestothepointwhereweestimatethe  
POPulationdensity．  

Each centres’infJuence can be mapped by a  
ANN，theseinfluences being mappedin turn to  
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the population density．The resu］ting neura）  

networkis composed ofidenticaF units，One Per  
Centre，aS rePreSentedin figurel（theinputs  

COrreSPOnding to the relative positions of the  

CentreS amOng themselves have not been  
represented）．  

Many symmetry relations exist among the  
ParameterS Olthe network．Theidenticalunits  

ParameterSarethesamebecauseswitchingtwo  
Ofthem（figurel）should not modifytheoutput．  

Switching two jdenticalunitsimpose also some  
Symmetriesintheparametersassociatedwiththe  

lnPUtS Of the relative positions of the centres．  
These symmetry relations among parameters  

actua”y constrain the network architecture to，  

reproduce the spatiaIrelations existing between  

theinputs．  

1t can be provedthatthelayerwhose neurones  
arerepresentedbysquarescanberemoved．   

C）SpatialAna［ysis   

The ArtificialNeuralNetworks the modelis  
COmPOSed of are ab［e to map any function  

PrOVided the number of neuronesin the hidden  
layeris sufficient．Practica”y，this numberis  

reasonable，and the number of parameters  

remains sma” 
OVeげjttingofthedata．  

Theidenticalunitsofthenetworkinfigurelhave  
al［the same parameters，Which means that we  

Can add an hypotheticaJcentre to the network，  

andcomputetheresultingpopuJationdensitymap  
Vdththisnewcentre・Toforecasttheimpacto菅a  
newtrainline，thenewstatjonscanbeaddtothe  
】ist of the centres and the new map computed  
WiththesenewlnPUtS．Ontheotherhand，WeCan  

isolatethecentres’inf［uencesbyremovlnga”the  

identicalunitsbutone．   

遜）Ⅴ⑳各値◎閃肋⑳窃耶即a摘＄思せ頭⑳m風ぬ川吻   

Thetestconsjstsinthe†ollowlngStePS：  
1）Weconstructtworeferencemaps，OneWith3  

andanotherwith4centres．  

2）WeadjustthemodeLparameterstoreproduce   
themapwiththreecentres．  

3）We add anidenticaJunit to the modeland   

COmPutethenewmap．  
4）Wecomparethefourcentresmapproduced   

jnl）血ththemapcomputedin3）．  

The result of this testis positive，the model  

PrOVed to be able to produce the four centres  
map with minjmum distortions．Moreover，if we  
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remove a［Iidenticalunits but one，the network  

answer compute a slngle centre map，isolating  
COrreCtlytheinf）uenceofanjndividualcentre．   
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5）Figure＄  

figure 1 

PopulationDensity：3CitiesCas  
PopurationDensity：4CitiesCase   

figures2＆3  
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