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towerinter－distancc ＝lXi－Xi．．1≦Dm．xand （3）  

heightdiffcrence  ＝Zi－Zトー  ≦H．，uX   （4）  

Thcproblemspeciricationwestudiedissummarizedin  
tabZe－1・DnnxandH wasassumed（Obe700mand70m m  

rcspectivelywhicharcthevaluesusedinmostoFthe  

transmissionlineroutlngforrnu］ations．  

1．   Introduction   

InLhisstudywepresenLanOPLlmizationmodelrorroutlng  
Or‖HighVoltagePowerTransmissionCabIcs‖（Hcncc  

rorthcalledPowerLines）．WeprcscntasoIutionapproach  
tolhisproblemrromaconsuItan（POlntOrVicwusing  
GcographicInrormationSystcm（GIS）lcchniqucs and  
COnVentiona10perationsRcscarch（OR）lcchniques．  

2．   ProbIemDefinition   

Theobjec（iveofthePowerlineRouLingProblemisto  
seeklocationsortowers overthe terrain such thatthe  

OVerallcostoftowerconstruCtionandcable］aylngWi11be  
minimum．Figure－1showsaschematicdiagram．  

Parametersinnuencingcostcanbeclassifiedintotwo  
CategOries：ToDOEraDhvrelatedsuch aslandelevation，  
Vegetationdistribution，urbanization，rOad＆railnetwork，  
etcリandtowerrelatedaretowerheight，tOWerfoundation  
requlrementSduetoroutecurvature，etC・  

Tab）e－I：Speciricationor（hePower】ineroulingproblem．   

De5Cription   Value   Comments   

CompulationDomain  40x40km2  
TopograhicParameters  innuencescost   

（E）evation，gradient，  （Topography   
1and－uSe，etC．，）  related）   

TowerHeight   70．3m   influencescos【   

（Otherheightsare54．3，  （Towerrelated，   

66．3，82．3m）  COnStant）   

RouteCurvature  infIuencescost  

（Towerrela【ed，  

〝OJc（フ〃∫∫dered）   

TowerInter－Distance  ≦700m   D constrain【  ∩ヽ■■   

HeightDifference   ≦70m   H constraint   

3． OptimizationModel  

Generalmathematicalrepresentationanddescrlpt10nis  
Summarizedinngure－2．   

4． GISDataPreparation  

GIS（GeographicInformation System）Technology  
PrOVidesaconvenientmethodofhandlingtopographic  
data．ByusingGISmethodologyltlSPOSSibleto  

（a）  Handle many spatialdata togetherin an  
automatedandcorrelatedfashion．Largevolumes  
Ofdatacanbehandled，Visualizedoverlayedand  
manlpulated．  

（b） Spatialdatacanbeeasilyconvertedtomatrix  
formatdifferentspatialunits（greaterthaninitial  
inputresolution）・Thusitiseasytomakea  
50x50m2cellmatrixor500x500m2cellmatrix  
fromtheinputdatausingvariousmethodsof  
aggregation．  

（C）  GISsystemscanidentifyspatialadjacency．  

Spatialqueries such as maximumin the  
neighborhood，minimumintheneighborhoodand  
Pathlengthareeasytoevaluate．  

Cost matrix andeJevation matrix required forthe  
OPtlmizationmodelwascalculatedusingtheGIStooIsby  
thefbllowlngprOCedure：  

1・   PrimarytopographicdataofthetargetreglOn－－  

COntOur（elevation）mapandland－uSemap  

Figure－－1Highvoltagepowertransmissiontowersandcables．  

Diameter，1engthanddensltyOfthecab］edeterminethe  
Weightwhichactsdownwardsandiscounteredby  
tensioningofcable．Towerfoundationmustbemade  
StrOngtOCOunterthe weightand tension ofcable・  
Assumlngthattowerfoundationcanbemadesufnciently  
StrOng，tWOimportantconstraintsrestricttowerlocations  
name）y，CabJetension（t）andcableheightfromland  

COVer（h）．Theseconstraintscanbeexpressedas  

t＝f（Xi－X．＿1，d，P，g，Z．＿．＋th．＿l，Z，＋th．）≦TS （l）  

h＝g（X．－Xi＿，，Zi．．＋th．．．，ち＋th．）  ≧10m （2）  

Where Xi－X‖＝tOWerinter－distance，Xi＝（X．，yi，Zi），d＝  

Cablediameter，P＝Cablematerialdenslty，g＝graVlly，Zi，  

Zi．）＝elevationorlocationi，i－1；th．・thi＿1＝tOWerheightsat  

i，i－landTS＝tenSilestrengthofcable．Minimumal］owed  

cabledistancetolandcoverisassumedaslOm．  

Consideringtowerheightconstantat70・3mandcab）e  
tensionanddiameteratanxedvalue，eqS－（1）and（2）can  

besimplifiedto  

－24－   
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〟f〃加‡たどsumor  

Cost  Cost  

Dueto ＋  Dueto  
Land  Towers   

C〃那Jrα加ゎ   

TowerInter－Distance≦700m  

TowerInter－Distance≧Om  

Cable height above lOOm 

StartingPoint   

Destinationpolnt   

Number of towers 2 2 

Distance vectors 

〟加f爪たど  

n   

∑L（Xi） ＋  

i＝1  

5〟りgc／わ  

IX■－Ⅹ‖l≦ 1  

1Ⅹ・－X‖l≧ l  

Z・－Z‖  ≦  

Xl   

X。  
n  ≧   

Ⅹi＝（xi，yi，Zi）E  

n  

∑c（Ⅹ．）  
i＝1  

700  i＝2，3，…n  

O  i＝2，3，…n  

70   i＝2，3，…n  
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つ
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R
 
 

i＝l，2，…n  

Figure－2：Mathematicalrepresen【ationofPowerLineroutlng・  

WeredigitizedintocomputeratlOmsurface  
resolulion．Road，riverandexistingpowerline  
networkwerealsodigitizedand madeinto  
SeparateCOVerageS・  

Fromthecontourmapdata，Surfacegradientand  
SurfaceaspecIwerederivedmathematically・  
Afterpreviewlngtheinputdataandderiveddata，  
relativecostindexwasdevelopedforeach．Raw  
datawasgradedintocorresponding relativecost  
indexmatrixuslngthisindex．  
Finalrelativecostmatrixwasderivedbyadding  
eachgradedrelativecostindexmatrixafter  
multiplyingwiththeweightproportionaltothe  
relativeimportanceofthevariable．Asampleof  
the relative costindex andimportanceis  
i）lustratedintable－2  

F ＝0 Infeasiblelocation；ZijlS alocal         i．j  
maximum and z．．＞ k〉 ＋local り  

minimumoftheneighboringcells．k’  

1S aCOnStant  

＝1ftasib］elocation；Othcrwise  

Step－2 Calcu】ateLeastcostpathfromX＝AtoX＝B 】n  

usingFandC．  

Step－3 Afeasiblesolution fortheoverallproblem  
derivedasfo1lows  

n ＝2＋Routelength／700  

Ⅹ．＝A  

X2 ＝A＋700alonglheroute  

Xi．l＝Xl＋700alongtheroute… t  

Step－4 Usingthisfeasiblesolutionasstartingpolnt，  
calculate bettersolulions rortheoverallmodeI  

uslngnOn－1inearprograrnmlngmethodolog］eS・  

ThisprocedurcwasappliedtoantestsitcinSailama  
Prefecture・Theareaoflhctestsitcwas35kmx45km・  
Elevation＆roadsnetworkdetails wcrcobtaincd from  

“KokudoGSIJ”．Landcovcrdatawasobtaincdthrough  
RcmotcSenslng．  

6．   Conclusion   

Manylargc－SCatCtCrrainbascdcombina10riこ1lopLlmizalion  

PrOblcmscanbcmodcIcdandsoIvcdmorccrrccLivcly  
usingacombincdar）PrOilChorGIS andOpcralions  
Rcscarch．Thissludywasundcrtakcnmainly10CSlablish  
rcasibiIilyOflhcapproachandcanbcapp］iedtorcal  
PrOblcnlS，   
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Table－2：Relativecostandrelativeimportanceofeachvariable  

inthemodcl．  

Ground  Relativecostindex  RelatiYe  

variable  importance  

Gradient  15－25   ＞25   VerylmpOrtant  

（％）   
It affects 

ftasibility．   

Elevalion  Important．It  
（Mts．）   affects cost 

UrbanZone  Open，   Low   PrinlC   VerylmPOrtant・  

induslrial  denslty   Iand，high  llarrecIs  
hnd，   residenlia】  化asibilily．   

hnd．  

Aspect  direclion  Olhcr   FairIylmPOrlant．  

】alld．   

5．   SolutionProcedure   

Step－1Usingappropriate（100m）spaLialuniしCOnSLrucl  
intemediate coslmatrix（400x400）C andltasiblc  

locationsmatrix（F）．CalculatcFusinglbl）owingrulcs：  

－25－   
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