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Eg@appoyn ¢ Khaospatiknig I'eopetpiog otnv
Enéktaon IHoieo®v

EAENH MAIIITA
MoMtikdg Mnyovikog

Hepitqyn

H xlaouotixn yewuetpio. (fractal geometry) ivai ikoviy vo. Tepiypa-
WeEL OA0L TOL GYHILOTO TTOD DITGPYOVY aTH POCH, TO. OTOI0. KaloDVTal
Klaopatika oynuazo. To wepiypopyio oG omo10conToTe TOANG Eival
éva tétoto oynua. Metpavrag, Aoimov, Ty KAGGUOTIKI 01G0TOGN TOD
TEPIYPOUUATOS L0 TOING UTOPODY VO TPOKDYWOVY GUUTEPCOUATO.
TOL QPOPOVY GTNV ETEKTOON 1 TH GUPPIKVOGH THS. 2THYV Topodoa.
gpyacia yivetor epopuoyn e Gewpiag TS KAAGUOTIKNG YEMUETPIOS
OTHY TEPITTWAN THS TOANS TS EAvONG, ypnoiuoroimvag tov alyo-
pi6uo korouétpnons whouciov. Ta coumepdooTo. TOL TPOKOTTOVY,
av KoL Oyl T0. OVOUEVOUEVD, EIVOL OIKOLOAOYNUEVO. OEOOUEVMV TWV
eAamadv aroryeiwv mov Ppédnkov yio v Zcvoy.

1. EIXATQT'H

H avendprelo g Khaowkng Evkieideiag yeopetpiog kot
TOV ETEKTACEDV NG (T0.%. 1 YeopeTpia Reimann) va weptypd-
WEL TOL GYNLLOITOL TTOV GLVOAVTALE GTO PUGIKO KOG, 00N yNoE
TOVg pHabnpoTiKovg oto pésa tov 20 aidva va avalnti-
COVV U0 GAAT YEOUETPIO LKAV VO TEPLYPAWEL TOL GYNHOTOL
avtd. O ITolwvo-I'dAlog pabnuotikdég Benoit Mandelbrot
elonyaye tov 6po «[ewpetpio g Gvongy (n Bewpio Oe-
peMmbnke pobnuatikd oto [12], evd 1o [7] amotedel éva
TOAD KOTOVONTO EIGAYMYIKO EYYELPIOL0, TOV SEV KAVEL XPTOM
pobnuoatikod eoppaAicpov), 6Elovtag pe avtd Tov 6po va
ovopoticet pio yeopetpio mov pmopel va meprypayet kamoa,
OO TO YOPOUKTNPLOTIKA TV OKTOYPULUUADY TOV NTEP®V, TOV
0oV, TOV fOVVAOV, TOL KUKAOQOPIKOD CUGTHHATOS, OKOUN
Kot TG doung tov gykepaiov. O Mandelbrot ovopace ta gu-
owd oyfuoro fractals, to orola oty eAAnvikn BifAoypapio
OTOVTOVTOL OC KAUGLOTIKG GY1LOTO.

H perétn tov KAAGHOTIKOV GYNUATOV OToKGAVYE TV
Omopén KMoV WTHTOV 1 PACIKOV YOPOKTIPLOTIKMV
TOVG, TO KuploTeEPO omd T omoia givar M awTO-OpOOTNTO
N avto-opotopopeio (self-similarity) ot n kApdkoon
(scaling) [3]. H opodnto £vog TUAHOTOG TOV OAOL pE TO
OA0 amoTeAEl TV €vvold TNG OLTO-OUOLOTNTOG, ONAAdN Eval
oyfUo M o Sop, Tapovctdlel TAPOUOLES WOLOTNTEG GE OL-
aQopeTiég KAIpakes. Av efetactel o T€To1ov €idovg dopn
o€ SLpOPETIKEG KApoKeS, Ba Tpokvyouy Ta b1 Bepelddn
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otoyeia. H ihpdkmon apopd otn dwatipnon g iduog Ae-
TTOUEPELNG OE OLOPOPETIKEG KAILOKES.

H Evkieideia yeopetpio mopéyet o mpdTn TpocEyyion
™G SOUNG TOV QUGIKAV OVTIKELEV®V, TAPOoVSLalovTag
YN ooV TUAHOTO amoteAovpeva and onpeia, gvubeieg ypop-
pég, kKOKAOVG, opboydvia, Tpiymva, KOPOLG Kol CEOIPES.
AKOUT, OTIV KAAGIKT| YE@UETPIO 1] S1ACTACT) EVOG YEMUETPL-
KOO oYNHOTOG givat TavTo aképatog aptBpoc. H mpaypartiko-
o Opmg dapépet. H yeopetpia tov KAaoHATIKOV oYNd-
TV, TNV omoia epefng Ba Kodlovpe KAUCUATIKT YEOUETPI,
elval po emékTaot Tng KAOOIKNG yempeTplog. Mmopel va
xpNoponomBel yio T SNUIOVPYIN TEGTIKAOV LOVTEA®Y TOV
QUCIKAV SOUADV, TO OTTOlo TOIKIAOVY aTd QTEPES LEYPL YOAOL-
&leg [11]. EmmAéov, oty KAOOUATIKT YEOUETPia 1 S1doTO0N
€VOG OVTIKELLEVOL UITOPEL va. glvar Kot pnTog aptipoc.

Mia 0md TiG Lo GNUAVTIKEG EQUPLOYES TNG KAUGLLOTIKG
vewpetTpiog ival n LETPNON TOV UNKOVS TMV OKTOYPUULDYV.
To epdTN A TOV VTOAOYIGLOD TOV UNKOVG LLOG OKTOYPOUUNAG
elye dratumwOel amod T dekaetio Tov 1920 wepinov. 1o 1967
o Mandelbrot [12] amédei&e 0t 1 axtoypoppn g AyyAiog
eoivetatl vo &yel anepo pnkog. ‘Extote €xet vmoloyiotel n
KAoopotikn didotacn tov oktoypappudv g Noppnyiog,
g Avotpodriog, g dutikng aktig g Bpetaviag, tng Bo-
petag Kaporiva tov HITA kot g lonoviag. H khaopatikn
d1oTAC TOV OKTOYPOUUOY 0VTAV Toipvel TiéS petald 1
Kot 2. Avtd glvar puoikd yati, av Kot 1 aKToypapun etvot
pio Ypopun, oV aVTIHETOTIOTEL GUVOAIKA, KOTOAAUPAVEL [l
EMPAVELD 0TO €Mimed0. Me G010 TPOTO PTOpEL Vo, VTTOAOYL-
oTEl TO UAKOG KOl 1) S140TACT TOV GCLVOPOV LETAED YOPDV,
TOV TOTAUDY KOl TOV 00IKAV SIKTO®OV.

[Ipdécateg épevveg GTOV TOUEN TNG YOPIKNG AVOALOTG
KoTEMNEAY GTO GUUTEPOCHO TMG KoL Ol OOTIKEG OOUES LTTO-
povv va avtipetonicfodv wg fractals (m.y. BA. [1, 2, 4, 5, 6,
9, 10]). H «hacpatic) doun Tov TepypappLoTos Hiag mOANG
YIVETOL IO EUPOVIG OTOV Ol ALOTIKOTOWEVEG TTEPLOYES LLOG
TOM|G, LoG UNTPOTOANG 1 EVOG OLOTIKOD GUGTNILOTOG OIVTLLE-
toniloviol og cVvoro. Mio ToAOTAOKN aoTIKh dopn, KaBdg
egelooetal omd amAd oypOTELAYLO, PAVEPDVEL L0 OPYOVIKT
ddkacio avartuéng Kotd v onoio Tpootifevial mePIocod-
TEPEG OIOTIKOTOUNLEVEG TTEPLOYES LLE TNV TTAPOSO TOV YPOVOV.
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SOUQOVO LLE TO TOPOUTAV®, T| GUVOAIKT LOPPN TOV 0CTL-
KOTIOMUEVAOV TTEPLOYDV oG TOANG pmopet vo OewpnBel wg
KAOGHOTIKO GYNLLOL KoL VO, TEPLYPOQEL PAGEL TG KAUGLOTIKNG
veopetpiog. Kot 6’ vt v mepintmon n dudotacn naipvel
Tég petald 1 kot 2. Ot épevveg Tov Eyvay YOp® amd TV
KAaopatikn dtdotacT g aotikng dopng [13], av kot Topei-
YoV eVOLLPEPOVTO BEMPNTIKG CUUTEPACUATO KOl EUTEIPIKA
OmOTEAEGHOTA, OEV NTAV CULOTNHOTIKEG, VIO TNV £Vvolo. OTL
0L TOAELG OV EMAEYON KAV GOUPOVA [LE KATOL0 YMDPIKO TAAVO
(6mwg epapyio peyébovg mOANG | TANBLOLOD) Kot e Koo
oOVOLO TTOPOUETPOV (OGS KAALWYT) TOV XApTN, KAipaka). Eni-
o1 M AVAALGT] TG OCTIKNG OVATTLENG KL O CUGYETIGHOG LLE
Tov 0oTiKd TANBLoUd oTig peAéTeg avtég Pacifovtan Kupiwg
o€ TPATLTT| TPOCOUOIMOT TOPH GE TOPOTNPNGELG TANOVOLOD
Kot aoTikng avantuéng. Ta amoteAéoparta kpivovtal ovolo-
KMpOTO, 0@Od aPVOVY TNV KAOCLOTIKY d14GTOoN KoL TNV
TPOGOLOI®MGT OVATTLENG ATOCVVIEUEVE OO TIV TTPOLYLLOLTIKT|
EMEKTALOT TG Y1G KOL TOL TANBLGLOV.

Xmv mapovoa gpyacio yivetoar mapovsioon g mpo-
ondBfelag PETPNONG TG KAUOUOTIKNG OAoTACNG TOV TTe-
prypappatog g Zaving (epeéng Ba avapepduacte ot
pETpNoN NG KAUOUOTIKNAG O1AGTOCNG TOV TEPLYPAULATOS
mg EdvOng ypaeovtag omAd KAUCUATIKY O100TOOT TNG
Eavong), Aappdavovtog BERata vdymn To yeyovog 0T 1 d10d1-
kacio Tov akolovBeital divel mo a&OmIoTH ATOTEAEG AT,
otav epapuoletar o pntpomnorels. H epyacio dStapOpmdveton
oe t1éooepig evotnteg. H dedtepn evotnta givar pia eloaymyn
GTOV VIOAOYIGHO TNG KAUGLOTIKNG ddoTaomng Kot oTig pedo-
dooyieg TpoaEyylong . Ztnv Tpitn EvOTNTA YIVETOL EQOP-
poyn oty mepintoon e Zavong. Yrohoyiletat n kKAacpo-
TIKN NG S1AOTACN HE YP1ON TOL AAYOPIOUOL KATAUETPNONG
mhaiciov (box-counting). To, CUUTEPAGHLATA KOL O TOPOTY|-
PNOELG CVUTEPIAOUPAVOVTOL OTNV TETAPTY EVOTNTO.

2. MEOQOAOAOTI'IEX ITPOXEITIEHX
TOY IPOBAHMATOX

H évvoia g dtdotaong dev givar €0KOAN TNV KOTOVON-
on. Elvat pia mpoomdfela mocotuiconoinong tng mokvoTnTag
T0V MeTpkov y®pov Tov KATaAAUPAVEL Vo KAAGLOTIKO
oMU, KaBMG KL £vag TPOTOG GUYKPIONG TOV KAUCUOTIKOV
OYNUATOV HETAED TOVS, OG TPOG TO PéEYEBog Katl TNV OpoLo-
mtd toug. No avapepbei 6° avtd to onueio 6TL VIApPYOLY
TOMOV 0OV KAAGHOTIKES dtooTdoels, omwg 1 Hausdorff-
Besicovitch, 1 Minkowski-Boulingand kot dAAec. Avtég
UTopovV, €moNG, VO VTOAOYIGTOOV HE TOAAOVS TPOTOVG,
omw¢ pe ™ pébBodo Calliper, n onoia Pociletor o peyédn
YPOUUIKNG HETPTIONG Kot o€ PrinoTa, T péBodo Katapétpn-
ong miawciov (box-counting), 1 omoio yprnoylomotel Eva
oOVOAO TAEYLATOV OV TOTOOETOVVTUL TAV® GE L0 EIKOVA,
™ pébodo dactorng yneiov (pixel-dilation), n onoia vwo-
hoyiler ) dudotaon Minkowski-Boulingand Boociopévn oe
£val GUVOLO ATEPOGTAOV KOKA®V Kot T néBodo paloc-axti-

vog (mass-radius), 1 omoia BacileTor oTo TURHA TG EIKOVOS
ov PpiokeTor peTta&d €VOG CLUVOAOL OROKEVIPOV KUKA®V
ov koAvTTovy Ty gwkova [13]. Kdbe pio amd avtég Tig
pebodovg pmopet va ypnoiporoindei oty avaiuon avetnpd
OVTO-OLOL®V OALG KO L] 0LTO-OHOL®OV YOPIKAOV CYNUATOV,
Yo EvoL €0POG KMUAK®V.

3TNV 00TIKT KoL YOPIKT 0vAAVGT 1 KAAGLOTIKY O146T0-
omn vroioyiletar gite pe ™ péBodo KatapéTpnong TAuciov
eite pe ) pnébodo palog-axtivog. Aedopévon OTL 01 AoTIKEG )
Ol OCTIKOTOMUEVEG TTEPLOYES OEV EIVAL AVGTNPA AVTO-OUOLES
Kot OTL 01 KAIHOKES, 01 avOADGELG EKOVAG KOt To, LeyEOT Kd-
Aoyng dev givat id1a, Ol TPOKVLATOVGES, AMO TIC LEAETEG OL-
TEC, KMIOUATIKEG O100TAGELS, Bo TokiAovy, TapodAo TOv GE
TOMEG TTEPMTAOGELG 0L S10pOpEG Bl lvat TOAD pkpég. Xy
gpyacio avt vroloyiletar n Klaopatikny didotacn Paoet
o0 oAyopiBuov kotapétpnong mhociov (Box-Counting
Fractal Dimension algorithm, 1 amAd BCFD), o omoiog
Booiletor ot didotacn Hausdorff-Besicovitch. [Tapakdtom
dtvetar n padnpotikn tepypaen g didotaong Hausdorft,
7OV TTPOEPYETAL amd TO [8] Kot TOL aAYOPIOLOL KATAUETPT]-
omng TAOLGiV, TOV TPoEpyeTaL amd To [13].

‘Eot® U un xevé vmocivoro tov n-didotatov EvkAei-
Setov yipov, R™, kar diam(U) 1 Sépetpog g pkpodtepng
cOipaG TOL KocM)ma OAeG TIG TTEPLOYEG TOL GLVOAOL. 'Eotm
ovvoro F ( Fc U) OV TEPIKAEIETAL OTNV £VOOT| TOV
cuvorov {U} kot 0 < diam(U)) < 4, t6te 10 {U} &ivar wa
Kéoyn-d (d-cover) tov F. Av F vroctvoro tov R kou s
&vag U apynTikds aptBpdg, tote yio kabe 0>0 eivat:

H: (F) :inf{i[diam(Ui)]s .U, &-KaAvpn tov F} 2.1.1)
i=1

KaBhg peudvetat 1o J, 1 TdEN TV ENTPETOUEVOV KAAD-
yewv tov F perdveran. Etot pewdvetan kou to inf H(F) ko
kabdg O — 0 1oydet:
HS(F)=§II(}H2(F) (2.1.2)
To H(F) xoeiton s-dtdotato pétpo Hausdorff tov F.

H dwdotacn Hausdorff (n Hausdorff-Besicovitch) divetan
and ) oxéon:

dim, F =inf{s: H*(F) =0} = sup{s: H'(F) = «} (2.1.3)
€161 OOTE WOYVEL
0 av s<dimyF
HY(F) = , (2.1.4)
0 ov s>dim,F

I s=dimF, to H¥(F) pmopei va eivon 0 1 006 , 1 va. tcovo-
motel v avicotnToL:

O0<H'(F)<w (2.1.5)

INo v ghoyiotomoinon OA®V TOV KOADYE®V-O, 0 OA-
vopBpog BCFD ypnowomotel pio. CUVOMKY TETPOYOVIKY|
KéAvym cvykekpipévoo peyédovg Y to U, dote va mpo-
oeyyofel n kuKAKn KGAoyn mov TpoavapEpnke. Apyid
10 oOvoro F evoopatdvetot g kamolo peyolvtepa T€Tpa-
YOV, To 0Toio dlopovVIOL GE HIKPOTEPH VTO-TETPAYOVA
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otabepng dtayoviov 3. Avti 1 exdoyh Tov U, Ba umopovoe
va wapdyet ™ oot D apkel To Péyloto Kot 10 AGYIOTO
opo v &6 — 0 va givor mpocektikd Sodeypéva. Me o
GUVOAIKT], KABOPIGUEVOL HEYEBOLC, TETPUY@VIKT KOALYN 1
ekicmon (2.1.1) yivetau:

H;(F) =inf ) diam(U,)’=inf N(3)5°

i=1

(2.1.6)

6mov N(J) 0 apBlog TOV TETPAYOVAOV KOLTIDV OV KOAD-
nTovv 11§ meployég Tov F. Edd mpémet va onpeiwbei mmg 1
glayiotonoinon eEokolovBel va voioctatal epdcov 1 Béon
tov F oto eninedo dev eivar kabopiopévn kot padnpotikd
glvar amopoitmto vo ghayiotomombodv Orot ot miBavoi
TPOCAVOTOAMONOL TOV KOVTIMY. AVTO OU®G givarl duvato,
pe TN S10B€0IUN VITOAOYICTIKY| IKOVOTNTO, LOVO Yio Alyovug
TPOGOVATOMGLOVG.

H npoceyyiotuc) dadwcacio tov BCFD Bocileton og o te-
ptypop1} Tov Mandelbrot pie Tnv ardrovdn Pacuc oyéon [13]:

N@E)x 8 =C 2.1.7)

6mov N(d) 0 apBpOg TV KOLTUDY TTOV TEPIKAEIOVV TIG AGTIKO-
mompéveg meptoyEg C Ko s 1 TPyLOTIKY KAAGHOTIKT S1doToo.
Yyéoelg oav v (2.1.7) umopoldv vo EKQPACTOVY GE YPOYLLIKN
popen| oav AoyapBpkés cuvaptoels (log-linear functions):

Log(N(3)) = Log(C) + D log(1/8) + E; (2.1.8)

omov E_ eivar o 6pog tov o@dipatog, Log(C) n cuvolikn
acTikn eproyn kot D ) ektipdpevn kKhoopotiky 0146Tao).
‘Eva tetpoyovikd mAéypo S10popmv TIUOV TOV & TOTo-
Beteital onV €iKoOVO TG VIO €EETOOT TOANG. XTN GUVEXELD
petpmvtot to kouTid N(J) Kt £T61 TPOKOTTEL EVOG TEMEPL-
opévog apBpog onpeimv (9, ot puotkoi AoyapiBpot LogN(d)
kot Log(1/0)). H extypudpevn kiacpotikn didotacn D g
TPUYUATIKNG d1G0TacnG 6 divetal amd T PEATIOT KAIGT TOL
Swypappatoc LogN(8) wg mpog Log(1/0). H extipnon avth
gumepiEyel Kamolo aodpela yioo v D eéottiog kupimg tov
eMAOYOV OV 6. TIpoKeévon va TpoKOYOoUV AOYIKES TEG
g D, ot tuég Tov O mpémet va gival oXETIKG LIKPEG KO,
GUYKEKPULEVA, Y10 TO KATATOTO OPLOL, TILEG LEYOAVTEPEG OO
T SlKpiTikn avalvon g gwovog (pixel size) evod, yuo ta
avoOTOTO, TIHEG COPAOG IKPOTEPES amd TO PEyeBog TG ELKO-
vag g moANG (yoti tote 10 N(J) 6o icovtan Tavta pe 1).

3. EPAPMOTI'H XTHN EANOH-
ATAAIKAXIA ENIEEEPTAXIAX
AEAOMENQN

o v vhomoinon TV otdYOV NG £pyaciog, MTov
amapaitmro va Ppehovv ybpteg g mOANG TG Zaving oe
SLpopeg XPOVIKEG TEPLOSOVG. "YOTEPO OO OYETIKY £PELVA
Bpébnkav povo dvo yapteg, évag tng dekoetiog Tov 40 Kot
évag g dekaetiog Tov *90. Me ta otoyeio owtd To adhva-
™ M HEAETN, €TGL, YPNOLLOTOWONKAY AEPOPOTOYPOPIES TNG

EdavOng, Topd to yeyovos OTL Ol AEPOPOTOYPOPIES deEV £XOVV
v ida KAipoke og 6ho To onpeio. Edd a&iel va onpeiwbel
OTL Ol 0EPOPMTOYPAPieS EMPONCAV OO PEYOAN OmOGTACT),
®ote Bewpeitar 6T dev emnpedlovv o TEMKA amoTEAEGUATOL,
T omoio, €ivan TPooeEYyloTIKd 1010 He avTd TTov Bl TPOEKL-
mTo, Qv elyav xpnoonombel yapteg. Ot agpopmToypapie
mpoépyovtol oo ™ Fewypapikn Yanpeoia Zrpoatov (ILY.X.).
Xpovoroywd Eextvovv amd to 1945 kol KotaAyovv oto
2002. Zvykekplévo ¥pnoOTOmONKaY 0ePOPOTOYPAPIEG
tov 1945, 1969, 1976, 1978, 1990, 1991 a1 2002.

Boowm npotimdBeon givar 6Aot ot xapteg 1 AEPOPDTO-
ypaoieg, va Bpickovtal o€ idta KAipoka. Ot ogpoToypapi-
eg tov 'YX giyav dapopetikég kKAlpokes, and 1:15.000 pé-
xpt 1:42.000. Xpeidotnie Aowwdv 1 LETATPOTT TOVS G 1010
KAipaxa. potyndnke 1 petotpont| og kAiipoko 1:15.000.
Mia GAAT PETATPOTN OV ETPETE VOL YIVEL £XEL VAL KAVEL LLE TN
Béon Mg ¢ aepoe®TOYPOPiog. AVTEC TOL YPTCYLOTOL-
NOnKav otV epyocio giyov S10QPOPETIKO TPOGAVAUTOAGUO.
Me Bdorn Aomdv Ty TpdT 0EPOPOTOYPAPic, Tov 1945,
Béom Tov motapod Kdsuvbou kot pe yprion tov AutoCAD,
OLEG OL OEPOPOTOYPOPIEG ATEKTNOAY (D10 TPOGUVATOAIGLO.

O olyop1Bpog KoTopéTpnong TAaiciov anattet apyeio pe
popon ewovog (PICT format). AxolovbnOnke o dtaduo-
Gio LeTOTPOTNG TV apyeimv Tov TPoABay omd T Ghpmon
TOV O0EPOPOTOYPOPLDY, TPOKEWEVOL Vo gloayfodv G6To
AutoCAD 2004 ywo emelepyocio Kol KOTAOKELN TOV TEPL-
YPOUUAT®V TNG TOANG TG EdvONg Yo kdBe ypovoroyia.

v mopokdtom wdvo Qoivetol To TEPTYpOLLa TNG TO-
g g Eavong evoeikticd yio To 1945. Na onpeiwbel nog
€VTOG TOV TTEPLYPAUUATOS PPpioKOVTaL OIKIGHOL 1} Y®PLE TOV
AVIKOLV GTNV TTOAT TNG ZAvONG, avd mepiodo. Avtr 1 d10d1-
kaocio propel va Bertictomombei pe ynolomoinon yoptdv
(GIS) kot eneEepyasio Tovg oto ArcView, ArcGIS.

2yfuo 1: Aotikomomuéveg! meproyés e EavOng yro to 1945.

1O 6pog «aoTIKOMOMUEVES TEPLOYESH YPTOYLOTOLEITAL Y10 OVE-
TTUYUEVEG TIEPLOYEG GE KEVIPIKES TOAewS, pe mAnbvoud 50.000
KOTOTKOVG Kol TAV.
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Onwg avoeépbnke kow otn dgbtepn evotnTa, 0 aAYO-
PLOLLOG KATAPETPTIONG KOVTIDV £QOPUOLETAL [e ToTOBETNION
TETPAYOVIKOD TAEYUATOS dapOpv HeYeddV 0 miveo oTa
OYMUOTICUEVO TTEPLYPApaTO TG EdvOng. Avti 1 dladwka-
clo £yve e ¥pNoN TOV GLGTHUATOS YNPLOKNG TVTOYPUPIag
LaTeX. Zmv epyocio ypnotponondnkay yio 10 J ot TIHEG:
1,2,3,4,5,6,7,8,9,10, 11, 12, 15. IIpoéxuye |’ avtd tov
TpOTO Yo KBe ewcdva £va cHVOAO amd KOVTIH. XTO EMOpE-
Vo GYHOTO TOPOLGIACETOL 1 SLOSIKOGIO EVOEIKTIKA Y10 TN
ypovoroyia 1976 kot yio tipég 0=11, 6, 3, 1. Ta teTpay@vikd
TAEYHOTO KoTookevdotnkay oto AutoCAD.

— oo~ e s

Zynuo 2: Tewpaywviko miéyuo yio 0=11°.

Zynuo 3: Tetpoywviko wiéyuo. yio 0=6.

2 Ta oyfuata 1-8, kabhg kot ot wivakes 1 kot 2 mpoépyovior amnd T
Sumhopatiky epyacio Tov tpupotog [HoMtikdv Mnyavikedv tov Anpokpi-
tewov [avemompiov Opdkng pe titho «H Khoopatiky Vo TG AoTIKNG
avantvéne. Epappoyn og aotikd KEvipo pecaiov pey€Bovcy, mov ekmovi-
Onke amd v Hanmd EAévn, v v enifieyn tov Kabnyntm Boaocileov
Taradomoviov.

Zynuo 4: Tetpoywviko miéyuo yio 0=3.

Zynua 5: Tetpaywviko mléyua yio 0=1.

211 GLVEXELN OMOLTELTOL KOTAUETPTOT TOV TETPAYOVOV
KOUTIOV 7OV TEPIKAEIOVY TO TEPIYPOLLO TNG TOANG. AvTH
1 Swdkacio Yo Tig TYHEG 0 0md 4 Kol TAVED NTOV EVKOAN
Kol pmopovoe va, yiver pe yopuvéd pdti. Opwg yuo tig Tipég
0=3, 0=2 Ko 131aitepa yia T =1 avTd HTAV 0SVLVOTO, OTMG
glvar GAA®ote eavepd Kot amd 1o Toponave oynuo. Etot,
pe  Pondeia tov AutoCAD ot pe andn péBodo Tmwv TpLodv
VIOAOYIGTNKOV T TEPLEYOUEVO OTO TEPTYPULLD TNG TOANG
Kovtid, N(J).

Ipokeévov vo vVToAOYIoTEL 1| KAAGHOTIKY S14GTOCN
elval amapaitnrto, og KGbe ypovoroyia kot Yo K4Be d, va
Bpebovv ot AoyapBuikég Tipég Ln(N(6)) ko Ln(1/6) kot va
katackevaotel To ddypappa In(1/6)-In(N(8)). H khion g
evBeiag divel TV KAAGLHOTIKY d1doTooT TG ZAvOng og Kabe
nepintoon. Evdsiktucd divovran ot mivakeg pe tig Tyég In(1/
0) ko In(N(0)) mov TpokdmTovy Yo to 1945 Ko 1o 2002.
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ITivoxag 1: Tyuég In(N(6))- In(1/0) yia to 1945.

1945

B N(®) Ln(1/3) Ln(N@3))

1 | 2532,889642 0 7,837116081
2 | 633,2224104 | -0,693147181 | 6,450821720
3 | 275831682 | -1,098612289 | 5,619790832
4 | 1583056026 | -1,386294361 | 5,064527359
5 | 101,3155857 | -1,609437912 | 4,618240256
6 | 64,84197482 | -1,791759469 | 4,171953153
7 | 49,64463697 | -1,945910149 | 3,904890368
8 | 36,47361084 | -2,079441542 | 3,596589008
9 | 30,64796466 | -2,197224577 | 3,422566254
10 | 25,32889642 | -2,302585093 | 3,231945895
11 | 20,51640610 | -2,397895273 | 3,021224863
12 | 16,21049371 | -2,484906650 | 2,785658792
15 | 9,118402710 | -2,708050201 | 2,210294647

ITivaxag 2: Tiwés In(N(9))- In(1/6) yro. to 2002.

2002

5 N(@3) Ln(1/8) Ln(N(3))

1 | 4047,614003 0 8,305882851
2 | 1011,903501 | -0,693147181 | 6,91958849
3 | 440785165 | -1,098612289 | 6,088557602
4 | 252,9758752 | -1,386294361 | 5,533294129
5 | 161,9045601 | -1,609437912 | 5,087007027
6 | 103,6189185 | -1,791759469 | 4,640719924
7 | 7933323446 | -1,945910149 | 4,373657139
8 | 5828564165 | -2,079441542 | 4,065355779
9 | 48,97612944 | -2,197224577 | 3,891333025
10 | 40,47614003 | -2,302585093 | 3,700712665
11 | 32,78567343 | -2,397895273 | 3.489991634
12 | 25,90472962 | -2,484906650 | 3,254425563
15 | 14,57141041 | -2,708050201 | 2,679061418

AT 10, 5ed0OpEVO TOV TIVAK®OV 0VTAOV KATACKELALOVTOL T,
dwaypappato In(1/8) og mpog In(N(9)) yio kébe ypovoroyia.

Onwg avagépdnke oty elooyoyn, 1 KAAGHOTIKY O1d-
OTOOT MG TOANG, MIOG OOTIKNAG OOUNG YEVIKG, TPEMEL VO,
Exer Ty peta&o 1 kon 2. Hapatnpeitot, Opwg, oto oynua 6
n e&iowon gvbeiog:

y = 2,0427x + 7,8689

H xAaopotikn dudotacn tng ZdvOng yw to 1945
npokvmtel ion pe 2,0427 xor pdhota amd to R*=0,999
OLVETAYETOL TOAD KOAN TPOCEYYIoT TG evbeiog ota dedo-
péva onpeia. o v e€oymy ] 6OOTOV GUUTEPACUATOV
divovtatl kot to daypappota yio o 1990 kot to 2002.
Hopatnpeitat 61  dSidotoon o6yt povo dev eivar peta&y 1
Kot 2, aALG emmAéov dev €xel eméAbel N Tapapkpn aAlo-
YN STV TN G

To eavopevo avtod givat amdivto Aoyko dedopévng g
ATOVGIOG ETOPKOVS XOPTOYPOPLKOD VAIKOVD. Na avapepbel
amAG OTL TO YOPTOYPAPIKO VAIKO Yo TNV EAvON KoAOTTEL
pia Tepiodo 57 €TV, evd o€ avaAoyeEG HEAETEG TOV €E®-

TepKo VINPYE VAKS 200 etddv [13]. Znv mepiodo twv 57
xpOvVeV 1 eméktacn g Eavong vinpée aonuavin. Avtd
elvar epeovEg Kot 6Tovg Tivakeg 1 Kot 2, 0Tov dlomioTmve-
Tat eAdyotn avénon tev eV In(N(J)) and to 1945 oto
2002, kTt To 07Oi0 POVEPDVEL LUKPT] ADENCT TV OGTLKO-
TOMUEVAOV TTEPLOYDV TNG EavOng. Evdeyopuévag ta amote-
AEGLOTO VO TPOEKVTITAY OAADG, OV VINPYOV oToLYElD OTd
10 1700 Yo TopadetypLo.

1945

7 /

6

| 7
y=2,0427x+7,8689 f

3 R?=0,999 /

3

In(N(®))

Zynua 6: Aaypoga In(1/9)-In(N(9)) yia to 1945.

1990

In(N(2))

y=2,0427x + 8,2648
R*=0,999

N W e U N O

9 8 7 6 5 4 3 2 1 0
In(1/0)

2o 7: Avaypogya In(1/9)-In(N(6)) yia to 1990.

2002

2

/
74
4

y =2,0427x + 8,3377 /

R2=0,999 /

é

In(N(2))
S = N W ke U NN O

9 8 7 6 5 4 3 2 1 0
In(1/5)

2ynuo 8: Aigypoyua In(1/6)-In(N(S)) yro to 2002.
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4. XYMIIEPAXMATA - 'ENIKEX
ITAPATHPHXEIX

Onwg &xer avaeepbei, 1 KAAGHOTIKY S1GCTOCN HLOG
aoTikng doung Aapfavet Typég and 1 péypt 2. To teAkd amo-
TELEOLO TNG KAAGLOTIKNG O1AGTOOTG YLoL TV TEPINTMOGT TOL
TEPLYPAPLOTOG TNG EdvOng mpoékvye ico pe 2,0427. M
KAoopoTIKY Ypouun pe didotaon 2,0427 teivel va «yepicey
70 €MiNESO GTO OMOI0 OVIKEL AVTO OUMG, Y10 LI OTAT KAOL-
OLOTIKY YPOUUN OTOG TO TTEPLYPaUa THG EAVONG, dev ivat
Aoyuco. Ot mBavoi Adyot, ot omoiot 0dNyNGOV GTO ATOTEAE-
OO QUTO, AVOADOVTOL TOPUKATE.

H Swdkacio mov akolovdndnie oty topovoa epyacia,
ommc NN avaeépbnke, divel agldmioTo amoTEAéoHATO OTOV
epapuoletal oe PNTPOTOAELG. X avaAoyn LEAETN TOV e&mTeE-
pwcov [13], epoapprootnKe 0 ahyOpOILOG KATAUETPTONG TAL-
clov oV Tepintmon g BaAitiudpng, n onoia to 1953 yu
napdaderypa glye mAnbovopd 946.000 kartoikovg. 'Evag and
TOVG POoIKOTEPOVG AOYOVS TOV 0ONYNCUV GTO OTOTEAEGLLN
2,0427 givon 1o yeyovog 6TL 1) EAvOn eivan pio picpn ToAn,
yopic onuavtikn enéktacn twv opiov tmg. H enéktaon g
TOANG NTOV KLPIOG KOTOKOPLOT Tapd optlovTia.

Emiong, n amovcio emapkohS ¥opToypaeLKod VAKOD
KoL GTOWXEI®V Y10 TNV aVATTLEN Kol ETEKTAON TNG ZAvONg
elvat évog Pactkdg AOYog Tov PTOPEL Vo EMNPEACE TO TEMKO
amotérecpa. To ototyeio TOL €lyOpE VIO TNV KOTOXT| LOG,
KOADTTOOV ol ¥povikn mepiodo 57 T@v. Xtn S14pKELD TV
ETOV 0LTAOV 1 EdvOn dev Topovsiace onuavtiky adEnon g
€KTAONG TNG, EMOUEVMG TO. CLUTEPACLLATO TTAV OVOUEVOULE-
va. A&ilel €00 va avoeepbel Tog oV TepinTtmon ¢ Ba-
TILOPNG (MOV avOEEPONKE GTNV TPOTYOVLEVT|] TOPAYPOPO)
vnpye VAKO 200 xpovav.

H ypnon agpopmtoypopidv g mOANG g Zdvong,
EVOVTL YOPTOV, TIBOVAG VL ETNPLAGE TO TEMKO ATOTEAECUAL,
d€d0HEVOL OTL OL AEPOPOTOYPUPIEG TAPOVGLALOVY TAPALOP-
QMOELG Kot gV €yovv TNV it KAMpoKo og OAa Ta onueia.
BéBawa o1 agpopmtoypapicg eAebnoay amd peydin amod-
otooT, ®ote Bewpnnke O6TL dev emmpedlovy Ta TEMKE amo-
TELECLLOTA, TO, OTOI0 EIVOL TPOCEYYIOTIKA {0100 LLE QVTA TOVL
Bo mpoékvmTay, edv giyov yprnoyomomOei yaptec.

e YEVIKEG YPOUUEG, Ol YPOUUIKEG CUVOPTNCELS LE AO-
YOPOLKOOG aAYOPIOOVG TOV KAUGULOTIKOV Ol0GTACEMY,
7OV YPNCILOTOWONKAY TNV Topovoa HEAETT, UTOPOVY Vo
TAPAYOUV TKOVOTOMTIKEG TPOGEYYIGES TV TANOLGUIAKOY
peyebdv Kot Kupimg TG avATTLENG TOV AOTIKAV TEPLOYDV.

AL0QOPETIKES AOTIKES HOPPES UTOPOVV VO EXOVV GTNV
TpoypoTikdTTo dte T KAoopatikng ddotacns. Avtd
elvar évdeidn mwg amd povn g 1 KAAGLOTIKY dtdotacn At
AMyo OYETIKG L€ TOV TPOGOVATOAMGHO Kot TN cOVOeoT [og

QUOIKNG 0OTIKNG popeng. H ypnowdmra g ddotoong
EYKELTOL TPOTAPYIKA GTN GUVOAMKN HETPNON OANG TNG AOTL-
KNG LOPPNG OG KAUCHATIKO Ty

[ToAe1g pe mopoOUOLe KAOCLOTIKY O1G0TOCT KOl OGTIKO-
TOMUEVEG TEPLOYES, UTOPOVV VO £XOVV TOAD OLOPOPETIKA
mnBuopaxd peyédn. Avti 1 mopatipnon &ivar moAD
OMLOVTIKY], YTl 0TOOEIKVIEL TOG 1) KAOCUOTIKY dldoTaon
amoTeEAEL KOAO HETPO TMOV GUVOMK®V OCTIKOTOMUEVOVY TTE-
PLOY®V aAAG Oyl TNG TVKVOTNTOG 0OTIKOL TANBLGHO0D. AvTtd
ovpPaivel emeldn o TANOLVoUOS LG TOANG PTopEl va. ExEL
ONUOVTIKEG 0AOYEG Kot Stakvpavoels (gite avénon eite pei-
®oM), KatL T0 omoio Oe cvpPaivel pe TV ACTIKY AvATTLED.
H cvuvolikn} uotkn Hopen TOV AGTIKOTOWMUEVOV TEPLOYDV
LL0G EVEPYOLG TOANG, OTAVIL LELDVETOL.

Teherdvovtag, Tpénet va avopepBet 6tL 1 ypriom dwopope-
TIKOV PLEBOd®Y VITOAOYIGLOD TNG KAUGHOTIKNG S1GGTACTG LLOG
TOMG UTOPEL VO ToPAryEL KATWG SLOPOPETIKG ATOTEAEGLOTOL.
Extdg omod T1g Sopopéc v pHebddwv, 1 dtupoporoinor oto
péyeBog TG EIKOVAG, OTN YOPTOYPOPIKT KAALYT) Kot 0T Op1a,
otV avOALoT TNG EKOVOG, OTNV OKPiPeld TV dedOUEV®V,
o711 YPOVIKN TEPi0d0, 6T0 PEYEDOG TV TAUGIOY KAALYTG Kot
oTNV KAILOKO, PTOPEL VO GUVTELEL BTNV EVIGYLOT TV S10(pO-
POV aVTOV. @0 NTOV EVOLIPEPOV VAL EPUPHOCTEL 1) LEBOSOG GE
TANPESTEPA KOl EVIQIAG LOPPTG SESOUEVA GTO PEAAOV.
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Extended summary

Application of Fractal Geometry to Urban Growth

ELENI PAPPA

Civil engineer

Abstract

Fractal geometry is the geometry that describes all the shapes that
exist in nature, called fractals. The outline of any city is a fractal.
Therefore measuring the fractal dimension of a city can lead to
conclusions about its growth or its shrinkage. In the present paper,
fractal geometry was applied to the outline of Xanthi, using the
box-counting fractal dimension algorithm.

Classical geometry and its descendants (e.g., Reimann’s
geometry) are not adequate to describe real world geometric
objects such as clouds, mountains, etc. This deficiency
was remedied with the introduction of fractal geometry,
a geometry capable of describing coastlines, mountains,
transportation networks, even the structure of brain.

One of the novelties introduced by fractal geometry is
the concept of self-similarity: i.e., parts of a fractal object are
surprisingly similar to the whole, especially when these parts
are scaled. As a viewer peers deeper into a fractal image he
may notice that the shapes seen at one scale are similar to the
shapes seen in the detail at another scale.

Recent research results from spatial analysis ([1, 2, 4, 5,
6, 9, 10]) have revealed that many urban structures (e.g., city
boundaries, transportation networks, etc.) are indeed fractal
objects. The fractal structure of a city becomes more apparent
when the urbanized area of a city, metropolis or urban system
is viewed as a whole. A complex urban structure, evolving
from simple land parcels, reveals an organic growth process
in which more urbanized areas are added over time. Thus, the
overall form of the urbanized areas of a city can be treated as
a fractal and described by fractal geometry.

When studying urban structures, it is very important
to be able to compute their fractal dimension, which is
usually a number between 1 and 2. There are many types
of fractal dimensions, such as the Hausdorff-Besicovitch
dimension, the Minkowski-Boulingand dimension etc.
Fractal dimensions can also be calculated in a number
of ways, including the Calliper method, which is based
on linear measurement sizes and steps, the box-counting
method, which uses a set of meshes laid over an image, the
pixel-dilation method, which calculates the Minkowski-
Boulingand dimension based on a set of infinitesimally
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small circles and the mass-radius method, which is based
on the image portion found within a set of concentric rings
covering the image.

In urban and spatial analysis fractal dimensions are
mainly computed using the box-counting or the mass-
radius method. In this paper we describe our endeavor to
compute the fractal dimension of Xanthi (a Greek town with
approximately 50,000 inhabitants) using the box-counting
method. However, the methodology that was employed to
compute the fractal dimension of Xanthi produces better
results when it is applied to towns of significant size. In
particular, we have computed the fractal dimension of
Xanthi using the so called Box-Counting Fractal Dimension
algorithm (or BCFD, for short), which is based on the
Hausdorff-Besicovitch dimension.

For the realization of the objectives of this paper, it was
essential to find maps of Xanthi in various time periods.
Given the inadequacy of map coverage we used photomaps
of Xanthi from 1945 to 2002, despite the fact that photomaps
do not have the same scale at every point. One of the most
important presuppositions is that all the photomaps should
be in the same scale.

The BCFD algorithm was applied by laying square
meshes of various sizes over the shaped outlines of Xanthi.
This process was accomplished using the Overpic package
of LaTeX. The box-sizes used, 8, were: 1,2,3,4,5,6,7,8,9,
10, 11, 12, 15. This procedure resulted in a number of boxes,
N(9), containing the urbanized areas of Xanthi, which was
computed using AutoCAD. The estimated fractal dimension
D is given by the best slope of the In(N(8)) vs In(1/5) graph.

The linear equation of graph In(N(5))-In(1/3) is given for
the case of Xanthi by the following relation:

y=2.0427x +7.8689

In the relation above the value 2.0427 represents
the fractal dimension of Xanthi. Quite surprisingly, the
computed fractal dimension did not fall within the expected
range of values. In addition, we did not manage to observe
any fluctuation in its value. Though these results seem
strange, they are due to a number of factors:
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1. The map coverage was quite limited; it covered a period
of 57 years, while in similar studies in other countries
there was material dating back 200 years.

2. The development of the town was mainly vertical.
Clearly, if the data we had at our disposal were more

adequate, it would be possible to compute a reasonable

fractal dimension. In spite of this, the computed fractal
dimension indicates that Xanthi will not actually change in
the near future, which is quite true. Indeed, the fact that the
population of Greece has not changed significantly over the
last 20 years and the fact that there is no economic growth in
the area can be used to prove the above statement indirectly.

Generally different urban forms can actually have the
same fractal dimension value. This indicates that fractal
dimension alone says little about the orientation and
composition of a physical urban form. The usefulness of the
fractal dimension lies primarily in its aggregate measure of
overall urban form as a fractal.

Cities with similar fractal dimension and urbanized areas
may have quite different population sizes. This observation
is very important because it proves that fractal dimension is
a good measure of the total urbanized areas, but not a good
measure of urban population density. This happens because,
while the population of a city may have sizeable changes
(increase or reduction) over time, its urbanized areas usually
increase at various paces. The total physical size of urbanized
areas of a livable city rarely decreases.

Finally, we should mention that the use of different
methods in calculating the fractal dimension of a city
may produce different results. Apart from the differences
in methods, disparities in image size, map coverage and
boundaries, image resolution, data accuracy, time period,
box-size and scale, may also contribute to differences in
results. It would be interesting to see a more unified method,
database and a set of modelling parameters to be adopted in
future endeavors.
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