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Meraxivioerg IleCov
o010 néoov Atakto Awotetaypivng Ovpag Avapowviic
o710 IThaicro Exkkévoong Xapov

I. TZOYBAAAKHX
Enikovpog kadnynmc E.M.IL

Hepilnyn

2KOTOS THS EPYOTIOS QUTHS EIVal VO UEAETHOEL TO POIVOUEVO THG
OVUTEPLPOPAS KOL TG KIVIONG TE(DV OATOUMDY G€ ATOKTO OLOTETOYUE-
Vi] 00Pa. OVOUOVHG. 2TOY0G THG elval 1 eCoywYn YPHOIUDY COUTEPO-
opdTv yio. T1ov 0ploloyloTiKd GYEJIOGUO OTOV OOTIKO XMPO EITe
Epywv vmodopis (refodpouia, meloyépopes K.AT.) Eite YMPWV OVoLO-
Vi Kol kvkAogopiog mAfovg koivod oe ktipiaxa Epya (amofdbpeg
otauav, Tpoofacels kai EC0J0L OVAYKNG T YWOPOVS GOYKEVIPWONS
TANOovS aToU®Y, GTEYATUEVOVS 1 1], OTWS eKKANOIES, abfinTiKés
eykoTaotooels, ywpot Oeoudtwv k.Ax.). H épevva mepilayfaver tny
OVAAVON YOPOKTHPLOTIKDV TOPOUETPOYV KIVIONS Tel®V o€ GTaKTO.
O10TETAYUEV] OVPE, OVOLOVIGS, 0 UEYGANS onuacias Opnokevtikin
EKONAON, KOTG T AN AylaoUOD, LETE TNV TEAETH GYLOGUOD TWV
voarwv, oty gkxinaio e Ay. Hopaokevns, oto onpo N. Zudpvis
otnv Afnva.

1. EIXAT'QI'H

H uéypt onuepa épevva oTIC 0GTIKEG LETAKIVIIGELS TMV
eV glye ™G KOPLO AVTIKEILEVO TNV OVAAVOT| TAPAUETPOV
Bepmdvtag Toug melobs Kuplng o)L MG LELOVOUEVE GTOLL,
aALG g opada meldV OV, YOPIG Vo TO EYOVV GUVEIONTA ML~
dunéel, ovpPadifovy 610 TAAIGLO oG TVYOIaG AAaYYOS, M
omolo dnpovpyeitor cvYva amd POTEWVOVS ONUATOOOTES 1)
dAlovg KvKAogoplokovg Tapdyovtes. Ot TopdpePOL, TOL
Baowd eEetalovral, givar n taydTTO, N TUKVOTNTA, 1) POT|
KOL O Y®POG, TOV ONOI0 KATAAAUPAVEL 1] OUAON TOV HETOKL-
voopévav melov [S],[7]. Eniong, €xel Oempnrtikd peretndei
TO QOIVOUEVO TNG OLPAG CVOLLLOVIG OPYLKA Y10, OYXNLOTOL Kot
apyotepa, Kot emEKTOo, Yo opddec meldv atdpwv [8], [9],
[10].

To péypt ofuepa egetaldpeva peyédn, Omws tayvTNTA,
PO K.AT., OgV OmaToVGOV £EEOIKEVUEVO EEOTAMOUO, OAAL
OPKOVCAY KOTOL01 TOPATNPNTES LE YPOVOLETPO KOl MG Kot
KGO0 EPMTNUATOAOYIO Y10 VO, ATOTVTMGOLVY, TEPO, OO TO
KOPOKTNPLOTIKA TNG Kivnong, Kot Tov akpiPn okomd petoxi-
ynong tov meldv [9].

YropAnOnxe: 26.4.1999 Eyive dexrij: 13.9.1999

K. PENTZOX
[ToAtikdg Mnyavikog

H swoayoyn mg ewdvag (oToypaeiky, KIVNUOTOYPaQL-
KN pnNxovn koG Kot To HayviTooKOTI0) EXLTPENEL GNUEPA
0TO peleTnT AemtOTEPES KO akpPESTEPES UVAAVCELS TOV
YOAPOUKTNPLOTIKOV Kivnong Tov detypatog tov nelmv mov eke-
wagel [1], [2], [3], [4], [6].

H mopodoa £pguva £pyetal vo GUUTANPDOGCEL £Va KEVO TNG
Broypapioag, 610tt e€etdlel kot avaAdEL YOPAKTNPIGTIKG
™mg yeopeTpiag tov fyvovg g kivnong neldv atdpwv 6to
ECMTEPIKO LOG GTOKTA OLOTETAYUEVIC OVPAG OVOLLOVTG.

2. AEAOMENA EPEYNAX

2.1. H opyavmon Tov mepapatog

Me dedopévn T xpNoT HAYVITOGKOTIOV Y10, THV OTOTV-
Toon ™G kivnong tov neldv arogacictnke to delypa g
€PELVOAG VO TPOEPYETAL OO ATON TOV €LYV KOWO GKOTO
petoxivinong. Apywd eixe e€etacbel 1 16é0 vo amotummOel
oLad0 0TOUMOV KOTA TNV TopEia TOVG TPOg TNV ££000 YNTESOV
KOl GTN] GUVEXELD 1 1060 OTOTOWOONG OUAOWOY ATOUMY GE
aroPafpec mov mpoomabolv va e16ELBoVY o Gupuovg. Telt-
K& amo@AGioTNKE 1) ATOTOTMGN OUAdOS OTOUMV GE KATOoL
Opnokevtikn ekdAmon. H andpacn avt) eAnebn pe to oke-
TTIKO OTL mapelye TAN00G aTOUWV:

® Me kovd GKOTo PeTaKivnong.

® YyeTIKA MPENO OTIG EKONADGELS GUUTEPLPOPAG TOV (AOY®
gVAAPelag mpog TN OpnoKeLTIKY TEAETN o€ avtifeon m.y.
LE TG EKONADGELS OTOODYV G€ YNTEDO).

® Jxavomomtikn cvveyn pon melwv (oe avtibeon pe TG
anofaBpec mov AMdym TV cvppdv ot melol KatapHdvouv
KOTE KOLOTO).

® Xtafepéc o Béon «mwbheoy diéhevong (og avtibeon e Tig
arofdBpeg 6mov ot Bvpeg TV cupudv petatomifovTot
eMaPPa og KGOe vEa AQIEN TpEVOD).

Emumiéov, 10 danedo tov mepiporov g ekkAnciog fTov



2 Teyv. Xpov. Emot. 'Exd. TEE, 11, tevy. 1-2 1999 Tech. Chron. Sci. J. TCG, I, No 1-2

Eixova 1: (o) O ywpog amé to dwog twv melwv. (b) O ywpog amo to
dyog Tov mopatnpnTh xwpic metovs. (¢) O ywpog omd o dDyog Tov
TOPOTNPNTH UE UIO TOYOLO EIKOVO, OEIYUOTOS UE TECODS OTHY 0VPA
OVOLOVHG.

Picture 1: (a) The area viewed from the pedestrian’s height. (b) The
area viewed from the observer’s height without pedestrians. (c) The
area viewed from the observer’s height with random view of the
sample with pedestrians in the waiting queue.

eninedo, optlOVTIO, GTPOUEVO LE TAGKES TOIUEVTOV OESOLE-
VOV Jl0GTAGEDY TOV SIEVKOAVVE TO TEIPOLLO. SNULOVPYDVTOG
éva puokod kavao.

2.2. Kataypoaon @aivopévov

H xotaypaen tov @awvopévov €yve v 61 lavovopiov
1993, tic mpopeonuppvég dpec, oy ekkincia Ay. [Hopa-
oKeLNG, mapd Tig 06006 EL. Beviléhov kot @. ZopovAn, cto
dnpo N. Zpvpvng oty Adfva. MayvntockonOnke petd tmy

TEAETN OYGHOD TV VOATOV N MY aylacpod arnd TAnbog
ATOU®MV OV NTOV TUKVEL GUYKEVIPMUEVO Kol MEPILEVE OF
drokto SlaTeTaypévr ovpd EE® amd TNV eKKAncio, Kotd
KOG TOL KIYKMOMUOTOG TOL TEPLBOAOV.

TN va AdPet Tov ayacpo, énpemne va 61éA0sL amd Kamola
amod Tig 000 pkpég BOpeg oV VIPYAV 6TO KIyKAMOmua, dpa-
OKEADVTOG €va LKpO KoM vyoug tepimov 16 cm (ewk. 1 (o)
& (b)).

Ot kaipikéc ouvbnkeg mov emKpoTOHOAY NMTOV TOAD
dvopeveic: €kove kpvo, x1Ovile ELaEPE Kol PVOOVGE EVTOVOL.

H ¥éa kotakopveng AMyng amd OGWog e acvpUOTH
pnyovny Aymg WKp®V S1aeTaceny (K. 2), av Kol opyikd
QavnKke evdlapépovca mpotaot, ywati o E0ve ekdveg
KEVIPIKES KATAKOPLOES YWPIG Tapapdpeman, amoppipdnke,
ywti dev 6TAONKE €0KOAO GE TPOKATOUPKTIKEG OOKIUEG VOl
KPOTNOOVLE TOV EAOPPD Kot pikpo o€ péyebog eEomhiouod ag’
€VOG aKivNnTo GTOV 0épa Kot ap’ TEPOL YMPIC va yivel avti-
Anmtog amd to TAnboc.

H xotaypaer €yve TeEMKA pE €POCITEYVIKN UNYOVI
Mymng ewodvag (Layvnrookonmnon). Qg Béon mapatipnong
opioTnNKe T0 KMOWMVOOTACIO TNG EKKANGIOG TOL Topeiye
mavopopiky 0o oto ympo mov e&gtalope, ywpic o mapaTn-
pNTIG Kot 0 €EOMAMGHOG TOV va yivovTal avTinmrol and Ta
ATOLO TOL TALPAKOAOLOOVGE.

Xpnoomomdnke eupuydvIog Gakds yio. Vo, KaADWouLE
oA v avetépo mepoyn. H xpron tov gaxod avtov, evd
BonBovoe ot yevikh Katoypapn amd o SPOUEVH GE YDPO
peydAng éxtoaong, SNUIOVPYNCE KOUTOAEG TPOOTTIKEG TTOLPOL-
LOPPAOCELS GTNV EKOVA. XPELOTNKE AOTOV GTN GLVEXELN OL
KOTOYPOPES TOV EIKOVAOV VO, OVALLOPP®OOODY avaAOYIKA GE
HopO1| KaTtdWemY VIO KAMpoKo (gK. 3). Q¢ euokdc Kavopog
Yol TV TPAKOAOVON G TOV GOIVOUEVOD KO TNV AVALOPO®-
o1 NG EKOVOS XPMOLOTOMONKE 1 TAAKOGTPOOT TOV dOTTE-
d0ov 10V YOPov (mhikeg dwotdoemv 0.50X0.50 Tov uétpov).
O «kavafog avtdc €yet amotuvnmbel ota SoypappaTe TV
KaTOWE®MV OV TaPoLSLdlovv Ta iyvn TG mopeiog TV neldv
KoL TG 160y poveS KapmbAes. Ovo1aoTIKG 0 YHPOC, TOL EVOLE-
@epe TV £pevva, frav mepimov 90 p? pe Stactdoelg (6X15)p.
Kol omotuT®OnKe ot cuvéxeln, pe akpifewa, pall pe ™
YOPW TTEPLOYN, HE XPNOT TOTOYPUPIKOD 0PYHVOV.

H Sodwkacio kataypaenc Aymge tov aylacov glye didp-
kel 45 min, eved 10 QOVOLEVO TNG oVpdg dmpkese 30 min.
310 ypovo tv 30 min e&umnpeOnKay 225 wepimov dropa,
To. omoia avELEVAV GE 0VPA Yo va eEumnpetnBovv. X1 GuvE-
YELO, LETE TNV GTOGLUPOPNGN TOV YDOPOL Kot TNV e&dAenym
TOV QOVOLEVOL TNG OVPAG GTopadikd eEvmnpetOnKay GAAL
nepimov 100 dropo.

2.3. H avéivon Tov dgdopéveov

H emloyn tov delypotog TV atOU®V, TOV 0TOi®mV To
YOPOKTNPLOTIKG Kivnong peietmOnkov, Mtov toyaioc. Xe
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Eixéva 2: (o) Myyovi Ayewg eikovas, (b) aclpuatos uetadotmg
ewovag. To ovotnua Aeitovpyel e pukpo ovoowpevty. Amdotoon
QOOPUATHS UETAOOONS EIKOVAS TEpimov 70u.

Picture 2: (a) Picture recording device, (b) wireless transmitter of
the picture. The system operates with a small accumulator. Trans-
mission distance of the picture 70 m approximately.

5edopéveg OTIYEG TOV XPOVOL EMAEYOLE GTNV TOYN GTOLO,
TOL 07010 EVPICKOVTIOY OE TUNUO TEPLPEPELNG KOKAOL KATOLNG
aKTivaGg, TPOGEXOVTOG TG MOTE QTN 1) TEPLPEPELD VO ETVaL
TAVToD PEGH KOl KOVTH 6T Opla TNG OVPAG VOUOVIG. AnAo-
on kavéva onpeio g meppepelog dev Nrav ektog ™G Palog
Tov TANnBovg mov mepipeve va eEvmmpetnOel. Tehwkd yperd-
GTNKE OPLGLOG VO TETOLOV TUNUAT®V TEPLPEPELDV (AAANAO-
TEUVOLEVAV) L aVTIOTOLYO KEVTPO TO PLECOV TG Kabepiog ek
TV 300 3108V, O’ OOV TO, ATOA ETPETE VO, TEPACOVV Y10,
va g&umnpenBovy (ewk. 4). H xataypoaen mepreddppave
0VOLOTIKG TV amotdnmon TG Kiviong tov melov and v
MEPLPEPELD TTPOG TO KEVTPO, OOV NTAV OLGLACTIKA 1 610d0¢
TPOG TO YOPO AYNG TOL AYLIAGHLOD.

I'o tov k6B Teld mov emheydTAV KATAYPAPALE TO TAT-
peg {yvog TG mopeiag Tov amd TV TEPLPEPELN. TPOG TO KEVTIPO
(dnAadn T 6i0d0) kot onuetdvape T Béon tov Kabe Aemtd
™G MPAG 0€ SLOPAVELES EMAVO oTNV 006VN, 6oV TPOBdAio-
vtav Sdoykd ot ewdves. o v KoToypoen tov iyvovug
Bewpovoape tov Teld ¢ onpeio Tov TAVTLOTOV YOVIPIKA pE
70 KEVTPO PAPOVG TOL TEPLYPAUUATOS TNG EIKOVAG TOV. MOALG
Kot 0 TELeVTaiog emAeyuévog meldg TG TepLpépetog Tov ee-
talope mepvovoe T 8i0do, Eekvovae vEOg KOKAOG mapaTh-
pnong, emtiéyovtag Kavovpyla ATopo og vEQ TUHLLOTO TEPL-
pepeldv emavarappavovtag akppdc v it dradikacia.

Ao TV avOTEP® KOTOYPOET LTOpoVLE Vo eEQyovps pe
oyetikn axpifela ta e€N1g otoyyeia:

e Tn cvumeplpopd tov TARBOVG.
e Tn popen tov ixvovg (CLVIETOYUEVEG) TNG TOPELNG TOV
kG0 nelo?.

.
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Eixova: 3: Metazpornij tov otpeflod mpoortikod kavafiov e e1ko-
vag (a) oe opBoxavoviko (b).
Picture 3: Conversion of the oblique coordinate network (a) of the
picture to a rectangular coordinate network (b).

o Tnv emypmkovvon g mopeiag tov Kabe otopov (tebia-
opévn mopein), n omoia TPOKVTTEL Ad TIG TAGYLEG ON-
GE1g TTOL O€ETOL TO GTOWNO 0mtd T0 mTANB0G oL TO TEPL-
BaArel, oty TpoomdOeld Tov vo mpooeyyioet T diodo. H
gmunKUven ¢ mopeiog ekepAleTal 6e MOCOGTO TOL
gvBuypdppov Tunpatog (aktivag) mov fa axorovbovoe o
nel0¢ amd TV mepLpépela TPog T 810do, av dev vanpye
70 TAN00C TV GAA®V ATOU®V.

® Tov ypOvo OV YPELCTNKE Y10, VO, SLOVOGEL TV OTOGTACT
amo TNV TEPLPEPELD TTPOG T 61000, KaBMG Kkat T Béon Tov
avé Aentd g dpog (PAéne k. 7).

o Tnv tayvtnta Kiviong (TPAyHOTIKE KOl QALVOLEVT) Yo
KG0e dtopo KaBdG Kat T HEST UIVOUEV TAYVTNTO TOV
mAn0ovg.

o To eninedo e&umnpémong.

3. AIIOTEAEXMATA THX EPEYNAX
3.1. Zopmeprpopd Tov TA00vG

AOY® ™G QVUONG TG EKONAMONG, KOTE TNV VOOV TO
mA00¢ Tpocmafoloe va VITOUEVEL TIG KOKEG KALPIKEG GLVON-
KeG e KapTepio oyedov aydyyvora. Agv Erewyav, OUWOC, oxe-
TIKA YOpMAOQ®Va, GYOAL0, TOPATNPNOELS, VOLDEGIES KaL KPL-
TKEG TOL TANBOLE, KOOMOG Kat, SLOKPITIKA 1] [L1), GKOVVTHLLO-
TOL KO TTEGELG TPOG TOL TPOTOPEVOLEVA ATOLLOL, TOVTOTE LIE TN
dwkaoAoyio 0Tt Kol 01 {3101 VEIGTAVTAL TIEGELS 0O TOVG 0KO-
Aovbovvtec. Ot mhong eUoemg ekdNADOELS (TIEGEIS KOl KPL-
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Ewova 4: Tyvy mopeiog melov: poayvprookonnon 2°°-9°° Jemrov,
Qov_] 200 Jemron, 12°0-15°V Jemtod.

Picture 4: Traces of the routing of pedestrians: recordings of 2"-9h
minute, 12"9-15" minute.

TKég) yivovtav mo €vtoveg, 660 Ta dtopa mAnciofay tig 516-
dovg.

Agv amo@evynkav Kol KUToleg SlaKPITIKEG HIKPOTPO-
oTp1Pég. Avckorio oty Kivion dnpodpynoav peptkd GTopa
UE OVOIKTEG OUTTPELES, O1OTL TOAAOT GLOTEPOVOVTAV YOP®
TOVG Yot Vo ETOPEANOOVV TG TTpoctaciog TG OUmpPELAS,
Om®G Kot GAAOL, Ol OToiol NTOV EVIAYUEVOL OTO TAOIGLO
KATO0G TapENG 1) GLVOdEVAV TTdLd, TpocTadovsay vo Umv
dtomacBovv amd T cuvodeia TOVg VIO TIG TEGELS TOV TAN-
Bovuc.

Eivaw yapaxtmpilotikd 01t kdmoto dropa dgv akoAovon-
oav Topeia Tov Ha Tovg £pepe oTNV TANGLESTEPT 1000, OALG
ka0’ 086V eméheyav TV GAAN 61080, Yia TV omoia eKTiuMoay
otL Tapovciale KOATEPT PO, EGTM KAL OV NTAV GE UEYOAD-
tepn amootact. Kdamowo GAAa dtopo, eved mepipevav yio
KGO0 YPOVIKO SIAGTNLO, EYKATEAEWYOAV TNV 0VPa, PprKay
Kataehylo 6TV ekkAncio Kot emaviABav, 6tav apyodtepa To
mn0og elye pewwbel asbntd.

3.2. Mop@1] Tov iyvovg g mopeiog TV teldv

H oanokwdikonoinon tmv dedopuévav £yve ye1povaKTiKd
o€ dl0paveleg Tomofetnuéveg endvm ce Peydin o0ovn tie-
opaong. Exel kataypapdtav n mopeia tov nelo, 0Tmg HeTo-
QePOTAV 1] €1KOVA 6TNV 006V amd TO LayvITOOKOTLO.

Ot dropaveleg avtég amekdvilav, emiong, Tov kévapo kot
T otafepd OPLa TOL YOPOL TOPATHPTONG. ZNUEIDOVETAL OTLT
(GAacM o TG epyaciog Kot ot Sladtkaoieg NTov eEoupeTikd
xpovoPopeg Kat emimOVES Yl ToL pLATLoL, YTl o’ vog ) epyo-
oio VT amottovoe PeYAAN akpifelo Kot Tpocoyn, o’ £Té-
POV 0 POTIGLOG KAl 1] GAPMGN TG 000VNG GE KOVTIIVI OTto-
6TooT Kot £l pakpov katamovovsav v opacn. H ewova
OV AQUPOVOTOV HETOTPETOTAV GT GLVEYELD OVAAOYIKA OO
KOUTTOAN TPOOTTIKN €OV (AOY® TOL QOKOV) OE €IKOVA
Kkatoyng pe opboydvio kavapo vrd kKhipoko (gik. 3). Omwg
NN avoaépape, o KAvaBog avIImpooTeEeL TIG TAGKES melo-
dpopiov Tov damédov Tov YMPov dTOL £YLve 1| EPELVAL.

Elvar yapoktnpiotikn n 1ebhacpévn xivinon tov ke
atopov (gik. 4). Oco peyovtepeg amokAicelg and tnv evbeia
€yovpe, 1000 TO pEYAAeG givar ot méoelg (avTioTooT) Tov
déxetan 10 dTopo oty mpoomdbeln Kiviiong Tov mPog TV
KatevBovvon g e166d0v. TapatnpnOnkov axdua Kol Tept-
TTOGCELG GIMONG Kol GTACNG 1 Kol LUKPNG 0mioBoydpnong.

3.2.1. Empiikuvon g dredpopung

Ye mepint®on mov kavéva eumodio dev Ba mapepPairo-
Tav otV mopeio. Tov mefov mov Ba petaromloTay amd TO
TEMOG TG oVphg péypt T diodo, 1 dadpopn avtn Aoyud Ba
ntov evbeia ypapun (n pikpdtepn dvvotn ardctacn) Kot Oa
Ntov ion pe TV oKTiva NG TMEPLPEPELNG TTOL OoplobeTel
YOVIPIKA TaL OplaL TG ovpdg Le k€vTpo, dniadn, T diodo.

To mocootd empunKvuvong g mopeiag tov kébe melod
(tebracpévn ypouur) ekepalel katd kdmoto TPOTO Eval
pétpo g mPoPfordopevig ovtictaong Tov mEPIBAAAOVTOG
™G ovpdg otV TPoomabelo TOL ATOHOV VO TPOGEYYIoEL T
6t0d0. Oco peyaldtepo 10 TOGOGTO NG EMUKLVONG, TOGO
peyaAdtepes paivetal vo gival ot Suvapelg avtictacng, 1060
peyadbtepot ot KALd®VIoHol Kol ol TAdyleg wBncelg Tov
déxetan o meldc amd 10 ohHVoAO TG HAlug TOV ATOU®Y TNG
oVpag.

Amd v avdloon toyoiov deiypotog 82 dadpopdv
nel®dv (og ovuvolo 225 meldv og avapovn) damictdcape OtTl
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n dwdpoun tov weloH TPog TV «TOAN-GTOYO» EVTOC TOV
opi@V TG OVPAG OVALOVTG AVEAVEL CNUOVTIKG KO OE KOKEG
Kopkég ouvinkeg n adénon avtn Eekwva amd 127% ko ¢Ba-
vet €o¢ kot 367%. (ewk. 5).

H avéivon tov deiypatog Eekivnoe amd to 2° Aentod, yoti
oTNV apy1], LE TNV OTOXDPNON TOV LEPEMV LETA TNV TEAETN
10 pécov g palog TV TOTAOV OV AVEUEVAY GTNV 0vpd,
dnuovpynonke cvyyvon Kot ovatdpatn 6TV EnKpaTovon
duatoén, n omoio emaviAfle ot TPOTEPQ GE EAGYLOTO YPOVO.

H avéivon éyive o tpeig pdoelg (sik. 4):

o H mpod @don Eexivnog amd 10 2° Aentd TG DPOG Kot
elye dapkea péypt to téhog ov 8°V Aemrov. Xtn edon
avTn M ovpd eiye pio mepPaAlovca aktiva KoTd HECO
0po 4,25 m xot 31 Gropa, mov Eekivnoav omd TV TEPL-
oépeta, dOMABav amd TIg 600 BUpeg TOL KIYKAMOMUOTOG.

® H debtepn pdon Eexivnoe amd 1o 9° Aentd TG dpag Kot
glye d1apkela péypt to téAog Tov 11°° Aemtod. Xt edon
avtn M ovpd eiye pio mepPdAlovca aktiva Kotd HECO
opo 3,60 m kot 28 dropa, Tov Egkivnoov omd TV TEPL-
oépeta, SOMABav amd Tig 600 BOpeg TOL KIYKAMOMUOTOG.

e H tpitn @don Eekivnoe amd 10 12° Aemtd TG dpog Kot
glye d1aprela péypt to téAog Tov 14°° Aemtov. Xt edon
avt M ovpd elxe pa mepiariiovoa oktiva Katd PECO
0po 3,00 m ka1 23 dropa, mov Egkivnoov ond v mEPL-
oépeta, SOMABav amd T 500 BOpeg TOL KIYKAMOMUOTOG.

Meté 1o 15° Aentd n ovpd datnpnonke Yo mepimov 15
Aemtd okoOpa pe TOAD pikpdTEPES TEPPAALOVCES OKTIVES KoL
dev kpinke oxdmun tepartépm mpdchetn aviaivon.

3.2.2. Xpodvog dwadpopiig

Qc xpdvog dradpoung Bewpeitar o ypovog, Tov omoio ypetd-
otnke o melds Yo va eBdoel amd v meppépela ot diodo.
O xpbvog avTdg eivar Slopopetikdg yio kabe meld, dtoTt ivar
GLVAPTNON TNG ATOGTACNG, TNV omoia d1dvuce, AdY® T®V
pPdv kot Tov Kobvotepnoemv Tov dNpovVpYNONKaV ot
puéla g ovpdg avoapovig. I'o kéBe meld o ypovog avTdg
Kataypdenke oe mivako. Mo yopoaKTNPloTIKy SUVOLIKY
€IKOVOL TNG KOTAGTOOTG LeTakiviong divetatl 6To S1dypopLiLo
(ew. 7) 6mov gpeavifovtal, avld TPAOTO AETTO TNG OPUG, O
100y pOVvEG KAUTOAEG Ot Béoelg opadag meldv mov Eekivnoay
TAVTOYPOVO. GO TNV TEPLPEPELD TTPOG T 01000. Ot KOUTOAES
QVTEG BV ElVOL TUNIOTA TEPLPEPELDV, OTMG 1 apyIKN (Ypovi-
K1 oTLypUn undév), aAld S1otnpovv KAmoo GYETIKN avaroyio
popons. H 8éon exkivnong tov kébe melod otnv mepipépela
Qoivetal KATmg vo emnpedlel T HETEMEITO LETAKIVIION TOV.
Awkpivovtor kdmoteg 0E0€1G OTOL Ol OOGKOVEVEG TIECELS
Qoivetal vo gival eviovotepeg, Ue OmOTEAEGHA HEGO OTN
péla va dnuovpyodvral pedpoto ToHTEPNG HETAKIVIIONG.
Hapatnpodvral, enione, TOMIKES EMKAADYELS KAUTLADY TOL

Enuiikuvon  BuaBpopric melod
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Eixova 5: Emyujkoven ¢ 0100popis tmv aTopu@y oTto TAaiolo e
ovpag avopovng. Topotnpeitor yevike onuovtxy ovénon tov do-
VOOUEVOD JPOLov.

Picture 5: Elongation of the routing of individuals in the frame of
the waiting queue. In general a significant increase of the route co-
vered may be observed.
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Eixova 6: Xpovor petoxivions twv medov otyy ovpa avouovig.
Picture 6: Time interval of pedestrian displacement in the waiting
queue.

onpaivel 6Tt dropo mov axkoiovbodoav Ppébnkav va mpon-
yoovtot. Ot emkoddyelg avtég eviomilovtol kuping Kovtd
o715 31660V¢ OmoL Ko Ot TAGY1E TESELG ovEdvovTal, KaBdg
Kol 1 TokvotTTo TV TeCdV avd teTpaymvikd pétpo eival
opwokn. ITapampovpe 6t pe v mopérevon tov ypdvov
Kamowa popen taEng dnpovpyeitan ek TV TpayLdtov, TV
omola amodéyovtal o HEAT TG OVPAS avapoVIG. AlOToTO-
vouue 0Tt 670 Tpito Srdypappa (12°-15° Aentd katoypoapng)
01 160YPOVEG OUAAOTOLOVVTOL KATMG KOt SloKpivovTol oAAN-
AoV, yopic n pio vo EUTAEKETOL L GAAN.

Extipdron, emiong, 6t n yeouetpio tov ydpov (didraén
KO YEMUETPIO TOV YDPOL avapovig, Béom ekkiviong meldv,
0éom kot apBpdg 6100wV, N HOPEN TNG OLPAS CVOLOVIG)
mpémel va Tailel poOO GTO YOPAKTNPLIOTIKA TNG LETOKIVIONG,
XOpig Op®G avTd Vo pmopel vo, amoderytel TANPOG HE Ta
VIapyovta Oedopéve. XapoKTINPIOoTIKG ava@épovpe 0Tl
nelol, mov Eekivnoav and v mepipépela. and 0Eon cuppe-
TP ®G TPog TS Vo dddove, Evmmpetinkav oohntd
TayVTEPA OO AAAOVG. AT TIG TPELS AVTES TOYOTNTES LEYO-
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Eixova 7: looypoves kourdleg ekkévaons ywpov. Mayvytookonnon
20090V QOb_] 200 ] 200_] 500 Jemrod.

Picture 7: Isochronal curves of area evacuation: recordings of 2-9h
minute, 9M-12'" minute, 12"-15" minute.

A0tepn adia €xel M Tpitn, V0Tl AVIUTPOCMMTEVEL OVCLOCTIKE

™V ToLTTe €VOG “KOUTOAOV peT®dmov” meldv omd v

ekkivnon tov and v TepLpépeta pEXPL va, dStEABeL T diodo

(ewc. 8).

3.2.3. Toydtnto peroxivyong
Edd dwakpivovpe ovclooTikd Tpetg To Ot Tes:

o Tnv mpaypatikn ToxdINTo, 1) 0TToia TPOKVTTEL G TO OTTO-
téheopa g olaipeong g tebAacpuévng mopeiog (TANpeg
UAKOG), TOV 0VGIAGTIKG O1dvuce o Kabe meld¢ Tov deiy-
patog amd v mepipépela péxpt  S6iodo, pe Tov ovTi-
OTOO YPOVO TOL YPEWAGTNKE YO TN HETOKIVIOYN TOL
auT.

o Tn pawdpevn toydra, 1 omoia TPOKHTTEL MG TO ATOTE-
Aegopa tng dwaipeonc g evbelog amdotoomg, HETOED
neplpepeiog Kot duddov (aktivag), He Tov avtictolyo
xPOVO TTOV YPEWICTNKE Y10 TN UETOKIVNGY TOL QVTH O
k60 1elo6g TOL delypoTog.

® Tn péon toyvnTo, N omoia TPOKHITEL OC O HUEGOG OPOG
™G QaVOLEVNC TaXDTNTOG TOV dElyLaTOg TV meCDV Tov
GULLUETEYOVV GTIV OVPA OVOLLLOVIG.

3.2.4. Ivkvotnto nelov Ko otdOpeg eEumnpétnong

Ot oA kaKég Kaupikég cUVONKeES, TO KPVO OAAG Kot M
apatn xlovomTmon, To Ppeyuéva podya, 1 xpon, amd apKe-
6 dropa, opmpérag (Tov otdlel oty TEPILETPO TNG KOt OTO-
pokpovel Ta dtopa, eved to ®bsl vo cupmiestodv avd dvo M
Tplo 6T0 KEVTIPO TNG) Paivetar va Ntav Pactkés oties, Mot
va mapotpnBel opycd mokvoTTe 3 atdpmv/p® (otédum
g&ummpémong D). IToAd chviopa 1 TokvoTNTO QLT €MECE
oe 1,5 at./p? (otabun efvmpémong C), yia va kotariéel
Myo mpwv ) Sidhvon g ovpdg avapovig oe 0,75 dr./p?
(otéBun e&umnpétong A).

4. XZYMIIEPAXMATA THX EPEYNAX
4.1. Q¢ pog ™ pebodoroyio Ko TNV 0pydvmo)
™me épevvag

H pebodoroyia, mov akoiovdndnke kot otnpixbnke oy
avéivon peydlov TANO0VG POTOYPAPIDV €VOG YEYOVOTOC,
HLOG 001 yNOE AGPAADG GTY| SUVATOTNTO AVAAVGTG TOV PALVO-
HEVOL TNG OVPAG OVAHOVIG KOl TNV €E0Y@YT] CUUTEPUGLLAL-
TOV, KOl ©¢ €K TOVTOL Umopel va BewpnOel emTuync.

H yepokivnn, 6pmg, dtadikacio KoToypaeng, et dtapa-
VEIDV, TOV VAV Topeiag TV meldv amd Ty 000vn omTIKNG
OTEKOVIGNG TNG KoL 1] LETATPOT] TOV OEOOUEVAOV TNG EPEV-
vog og eikova amd otpePrd oe opfokavovikd kdvafo vrp-
Eav eEopeTikd emimoveg kot ypovoPopes. 'Edwoe, dumg, ta
TpOTO EPEBICUOTO VIOl [0 LEALOVTIKT] GUTOUOTOTTOINGT TV
dwdikaoiov péow HYY.

4.2. Qg pog TNV id10. TNV Epevva

1) Awmotdvetat 0Tt 68 €val OPYIKA Gvopyo Kot GLopPO,
™G TPOG TO GYNLLO, GVOTNLO OVPAS AVOLLOVIS YPIYOPX V10-
OetovvTOon €& avaykng axovoLo KATO10l KAVOVES GUUTEPLPO-
PAc KuKAOQOopiag, akOL Kot OTav Ot Koplkég cuvOnKeg givat
KaKkéG ko o Kobévog emdidkel vo e&uanpetnOel ypryopa.
(Agv viMp&e PLOKA GTNV TEPITTOON LG Koo KOTAGTOOoT
TAVIKOL N VOTEPING TOV TANOOLG).

‘Etol ev®d otnv apyn, oto mpdTo dgiypa tov 2°0-9°V
Aentov (meloi 1-31), Topoatnpodpe PHEYAAES ERUNKOVOELS TNG
Stadpoung, HEYAAOLS xPOVOVG OVOLOVIG Kot YouUmA otdun
ggummpémong (D), n xatdotaon ota emOpeva AEmTd NG
apag (detyparta: 9°0-12°V ko 12°V-15°° Aentov) Paiver Per-
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Ewcova 8: Toydtnres melodpv: mpoypotikn kor poivouevy toydTnro.
Picture 8: Pedestrian s velocities: actual and apparent velocity.

TIOVHEVT: MKPOAIVOLY O EXUNKVVGELS, LEWOVOVTOL Ot XpOVol
AVOHOVIG Kot BEATIOVETOL TPOOSEVTIKA 1) oTAOUN e&vmnpé-
mong and C og A.

ii) EmPefordverar yo pio axdun eopd 6tL oty meln
petokiviion tov o meldg eivan ampoPrentos. Amopacilet
Kka0e otrypn v katevbuven tov avaroya pe ta epediopata
Kot v kpion g ottypnc. ‘Etotl amopacilel aipvng va da-
oyloel peyaAdtepn andotoot, daydvio Tpog T Hale Tov
atOp®V oV givar oty ovpd (m.y. melog 9, deiypa 2°0-9°V
AemTOV) 1 KO TEPYETPIKA QKOO TNG OVPAS, DOTE VO, BpEL TO
cuvtopoTteEPO, amd dmoyn xpoévov (katd TV eKTIUNoT ™G
GTLYUNG), OpopoAdylo.

iii) I'evikd 1 dwadpoun], v omoia Srovdet o melde, lvan
TAVTO PEYOADTEPT] AVTNG OV AOYKA Bal S1dvue, av 0 YdPog
UTPOGTA TOL fTtav gAevBepog. H empnkuvon avt mapatn-
peitar va kopaiveron amd 127% €mog 367% tng gvbelog da-
dpoung mpog v TANolEcsTepT 6i0do.

iv) To mocootd empnrkuvong g topeiag tov kébe nelod
(tebAaopévn ypopun) pmopel vo ek@pdoel, Kotd KOTOlo
TPOTO, £€va PETPO NG TPOPOUAAOUEVIG «OVTIOTAGNG» TOV
TEPPAALOVTOG TNG OVPEG GTNV TPOCTADELD TOV ATOLOL VO
nmpooeyyicel T diodo.

H «ovtioctoon» avt) mpog v mopeia, pe koatehbvvon
TPOG TIG TOAEG-GTOYO, SLOKPIVETOL TOAD £VTOVI GTO TPDOTU
AETTA Ko PELDOVETOL TPOOJELTIKG, OGO TEPVA 1| dpa, OTAV
0KOVG10 KATO101 KOVOVEG CUUTEPLPOPAS OVOLLOVIG SN HLLOVP-
yoOvTot Kot emBaiioviotl 6To TANR60G.

v) H 8¢on tov melo0 oty ovpd KoTd TN oTIypn TG EKKi-
ynong Tov eaivetal va ennpedlel kotoAvtikd v e£EMEN g
nopeiag tov. Kot ota tpia deiypota ta dtopa, mov frav
dimha oto KrykAdopa (m.y. to dtopa pe apBud 1 émg 5, 28
€mg 32, 54 éwg 62, 78 émg 82), didvucay TV omdcTAoN LE
HIKPOD UNKOVG, OHOAEG OYETIKA SL0OPOUES KOl OE HIKPOVG
vevikd ypovovg. To yeyovog dniadr 0Tt pepid GTopd, Tov
amd T pio mhevpd eiyov éva otabepd Opio (To KryKAIdwmuo
TOV PPAYT TOV KNATOL) Kol AVTIHETOTILY LOVOTAELPO LOVO
«TtpPécy amd T dAla dTopa TNG OVPAC, TA 031 YOVUGE OULOAD-
TEPO KOl TAXVTEPO TTPOG TNV TPOGPUCT-GTOXO TOL ElYOV ETML-
AéEel. Avto 10 cvpmépacpo givatl REOVEG o€ OA To Ol0-
Ypaupata wov wapatifevral, 6mov eoivetat 6Tl dTopa Kivov-
HEVO €Ol T TAGYLo» 1 0T TO KEVTPO £QTOVAY YPTYOPOTE-
POl GTOV TPOOPIGUO TOVC.

Avaroyn ftav Ko 1 e£€MEN g Topelag TV ATOUMY TOL
ntav oe apykn 0éon exkivnong avapecso otig 600 TOAEG-
610%0. AvToi €ELINPETOVVTO YPNYOPOTEPQ OO TOVG VTOAOI-
TOVG, YTl glyav S0 dSVVTOTNTEG EMAOYTG.

vi) Ta Stoypap oo Tov 1I60XPOVOY AmodEIKVIOVTOL EIKO-
VEG OO TIG TAEOV TOPOCTATIKES Y10 TNV TEPLYPAPT] TOV QOL-
VOUEVOVD EKKEVMONG €VOG YDOPOL Kol TPoTeiveTtal o€ KAbe
OYETIKN £€pguva Vo TapdyovTol Kot vo Topotifeviol g to
YOPOKTNPIOTIKG “Olaypappoto e£EMENG ekKévaong YdPov
OVOLLLOVIG OTOR®V”.

vii) Ao T0 10y pAUUOTO TOV TAXVTHTMOV TPOTEIVETAL VO
UVNHOVEVETOL HOVO 1] Qovopevn ToydTnTa (Kot Oyt 1 Tpory-
potikn ToxhInTa), Yot ovty eKTIHoOUE OTL amodidet YAUpV-
POTEPT TO PALVOLEVO TNG LETAKIVIONG TOV TECDV.
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Extended summary

Displacements of Pedestrians
within a Randomly Arranged Waiting Queue
in the Frames of an Area Evacuation

1. TZOUVADAKIS
Assistant Professor N.T.U.A.

Abstract

The purpose of this paper is to study the behavior and the displace-
ment of pedestrians within a randomly arranged waiting queue. Its
purpose is to deduce useful conclusions for the rational design in
urban areas of substructure projects (walkways, bridges for
pedestrians etc.), or in waiting and circulation areas of people in
building projects (station platforms, access and emergency exits in
areas of assembly, indoor and outdoor, such as churches, athletic
installations, show areas etc.) The research includes the analysis of
the characteristic parameters of motion of pedestrians inside a ran-
domly arranged waiting queue in a very importante religious cere-
mony, during the reception of the holy water in the celebration of the
blessing of the water in the church of Aghia Paraskevi, in the muni-
cipality of Nea Smyrni in Athens.

1. INTRODUCTION

Previous research into the urban displacements of
pedestrians had as main purpose the analysis of the parame-
ters of motion of the pedestrian, considering them mainly not
as individuals, but as a group which, without aiming at a par-
ticular target, moves together in the frame of a randomly
arranged group which is created by traffic lights or other
urban traffic factors. The parameters to be examined are the
velocity, the density, the flow and the area occupied by the
group of pedestrians under displacement. Also, the phe-
nomenon of the waiting queue has been thoroughly studied
initially for vehicles and afterwards, by extension, for groups
of pedestrians.

This research was carried out in order to complete the
existing literature, because it examines and analyses the cha-
racteristics of the geometry of the trace of the pedestrians dis-
placement inside a randomly arranged waiting queue.

It was decided to record a group of persons in a religious
ceremony. This decision was taken having in mind that it
Submitted: Apr. 26, 1994 Accepted: Sept. 13, 1999

K. RENTZOS
Civil Engineer

provided a group of persons with:

e Common displacement purpose.

e Relatively calm in their behavior.

e A satisfactory number of pedestrians for examination.

e Fixed entrance’ gates.

e In addition the floor of the area around the church was
paved with cement plates of certain dimensions, facili-
tating the experiment and creating a natural coordinate
network.

2. THE ORGANIZATION OF THE
EXPERIMENT
2.1. The recording

The recording of the phenomenon was carried out on 6
January 1993, the hours before midday, in the church of
Aghia Paraskevi in the municipality of Nea Smyrni in
Athens. It was recorded the holy water reception by the peo-
ple who were assembled in large numbers and were waiting
in a randomly arranged queue outside the church along the
balustrade of the contour, after the celebration of the blessing
of the water. In order that someone take the holy water he had
to pass through one of the two small doors in the balustrade
(picture 1 (a) & (b)).

The weather conditions were very bad: it was very cold, a
small quantity of snow was falling and there was a strong
wind.

The recording was carried out by an amateur camera
(video-recording). Regarding the place of observation the
bell tower of the church was selected, because it provided a
panoramic view of the area under examination, without the
persons under examination seeing the observer and the equip-
ment used by him.
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A super wide angle lens was used in order to cover the
overall area. The use of this lens, while helpful for the gene-
ral recording and the actions carried out in a wide area, it was
created curved perspective deformations in the picture.
Therefore, afterwards the pictures recorded neededto be read-
justed in plan views under a scale (picture 3). As a natural
coordinate network the paving of the floor of the area was
used (plates of dimensions 0,50 m x 0,50 m). This coordinate
network has been recorded in the diagrams of the plan views,
which present the trace of the motion of the pedestrians and
the isochronal curves. In fact, the area of interest of the
research was 90 m?, with dimensions 6 m x 15 m and was
recorded afterwards accurately with the overall area by use of
a Surveyor instrument.

The procedure of the recording of the reception of the
holy water had a duration of 45 min., while the phenomenon
of the queue had a duration of 30 min. Within this interval of
30 min. Approximately 225 persons waiting in the queue
were served. Afterwards, after the decongestion of the area
and the elimination of the phenomenon of the queue another
100 persons, approximately, were served randomly.

2.2. Data analysis

The selection of the sample of persons, the characteristics
of the displacement which was studied, was random. At
certain moments we selected at random persons, who were in
a portion of a circle circumference of a certain radius, taking
care that this circumference also included the border of the
waiting queue. l.e. no point of the circumference was outside
the mass of the people waiting to be served. Finally it was
necessary to define two such portions of circumference,
cutting each other, with corresponding centers at the middle
point of each one of the access ways, through which the per-
sons had to pass in order to be served (picture 4). The recor-
ding included effectively the recording of the displacement of
the pedestrian from the circumference to the center, which
was effectively the access way to the area of the reception of
the holy water.

For each pedestrian selected we recorded the complete
trace of his routing, from the circumference to the center (i.e.
to the access way) and we noted his position every minute on
transparencies on the screen, where the pictures were pro-
jected consecutively. For the recording of the trace we con-
sidered the pedestrian as a point coarsely identified with the
center of gravity of the contour of his picture. As soon as the
last selected pedestrian of the circumference under exami-
nation passed through the entrance way, a new observation
cycle was started, by selecting new persons in new portions
of circumferences repeating exactly the same procedure.

3. CONCLUSIONS OF THE RESEARCH.
3.1. Regarding the methodology and the organization of
the research

The methodology followed, and on which was based the
analysis of lounge number of pictures of an event, led
certainly to the possibility of analysis of the phenomenon of
the waiting queue and the determination of results and there-
fore can be considered as successful. But the procedure of the
manual recording on transparencies of the traces of the
pedestrian routing from the visual representation screen and
the conversion of the data of the research from a picture in a
curved coordinate network to a picture in a rectangular coor-
dinate network was extremely time consuming. Nevertheless,
it has given the first stimulation for a future treatment of the
procedures through a computer.

3.2. Regarding the research itself

1) It is observed that in an initially orderless and shapeless
system of a waiting queue some traffic behavior rule are cre-
ated very quick due to the existing needs; unintentionally,
even if the weather conditions are bad and each one attempts
to be served quickly (of course, in our case there was no
panic situation or hysteria of the mass).

In this way, at the beginning in the first sample of the 2th-9th
minute (number of pedestrians 1-31), we observe big elon-
gation of the routing, long waiting time and low service level
(D), the elongation in the next minutes (samples: 9t-12th
minute and 121-15%) starts to improve: the elongation
became smaller, the waiting time is reduced and the service
level improves progressively from C to A.

ii) It is confirmed again that we cannot predict the
pedestrian’s displacement. He decides his direction according
the judgment of the moment. In this way he decides suddenly
to cover bigger distance, in the direction of the diagonal in
relation to the mass of individuals which are in the queue (for
example pedestrian No 9 , sample of 2t0-9th minute) or even
along the perimeter of the queue, in order to find the shortest
routing (according the estimation of the moment).

iii) In general the routing covered by the pedestrian is
always bigger than that which he would cover if the area in
front of him was free. The elongation varies from 127% up to
367% of the straight routing towards the nearest entrance
door.

iv) The percentage of elongation of the routing of each
pedestrian (crooked line) may express in some way a
measure of “the resistance” of the other individuals of the
queue to the attempt of the individual to approach the
entrance door.

This “resistance” against walking towards the entrance
doors is bigger during the first few minutes and afterwards it
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reduces progressively as time passes and when some rules of
behavior of waiting are created involuntarily.

v) The position of the pedestrian in the queue during the
time of starting seems to influence the development of his
routing. In the three samples, the individuals which were near
the balustrade (for example the individuals with numbers 1 to
5,28 to 32, 54 to 62, 78 to 82) had covered the distance with
small, relatively regular routing and in general in a small time
interval. This fact i.e. that some individuals which from one
side had a steady limit (the balustrade of the fence of the gar-
den) and had been subject only to “friction” from the other
individuals of the queue guided them regularly and faster to
the entrance door target which was chosen by them. This con-
clusion is evident in all diagrams here attached.

Similar was the development of individuals who were at
initial starting position between and symmetrically in relation
to both entrance doors targets. These were serviced faster

because the mass in front of them was separated and it was
possible to be served from either entrance doors.

vi) The isochronal diagrams prove the existence of pic-
tures of description of the phenomenon and it is proposed that
they be used as characteristic “diagrams of development of
the evacuation of the waiting area”.

vii) From the diagrams of velocity it is important to note
only the apparent velocity (and not the actual velocity),
because this seems to represent better the routing of each
pedestrian. Also the average velocity of groups of pedestrian
is important, either between samples, or between groups of
individuals of the same sample.

Also in the case of the velocity we can see that individuals
moving from “the side” or from the center (case of two
doors) are moved faster towards their final target.
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