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Xoppoinq otnv Avtopatn Kataypaen Ixvov Iopetag
Ielov, péom H/Y, amo Apyeia Video

I. TZOYBAAAKHX
Enikovpog Kabnyntie EMII

Hepilnyn:

H epyadia avtiy avagpépetar o€ o, oxetikd omli, uédodo karoypa-
ong, péow H/Y, tov iyvovg uetaxiviong melwv atduwv. H uetaxi-
VIO KOTAYPAPETOL UE UAYVITOTKOTNON OE TPOETIAEYUEVI] ETLPAVELO,
oelevons melv orov aotiko ywpo. H uédodog avti avamtdyOnke
oto E. M. I[loJvteyveio oto mAaiolo, evpotepns EPEVVOS VIO TRV UEAE-
0 por¢ mAnbovg melv, kKivovuevwv oe pevpota pe ovtifetn uetald
T00¢ KaTEDHVVOT.

Loty péBodo avti avarrtdyOnkay E101kES CLVOPTHOEIS KOl CVVTG-
xnie doyiouiko o€ ylaooeg VISUAL BASIC kou ALISP. O oyetikog
KWOIKOG UE TO. GYOALA. TOV KO TV avaAivor], L0y oykov, katatélnke
ot oOVIoln 10V TEPLOOIKOD € TOPGPTHUO. KoL OLOTIOETOL OTOVG EV-
O10PEPOUEVODS LETE, ATLO GVVEVVONOT e THY TOVIOLT TOV TEPLOOIKOD
1] LE TOVS GUYYPOPELG.

Kot eméxraon n uébodog umopei va ypnouorombei yio. tyv avaloon

KL UEAETH KO GAAWV KIVOOUEVMY QVTIKEIUEVOV TTOV AOTIKO YWDPO.
(ty uopen mhééng oynuatwy oe onueia oopUPoIRS 00wmV).

1. EIZXATQT'H

H péypt onpepa epappolOpevn TpoKtTiKy 6Ty KoToypo-
0N TOV YOPUKTNPICTIKOV Kivnong teldv atopmv Tav:

* Eite 1 tonmoBémon napatnpnTdVv 6€ OPICUEVEG TPOETL-
Aeypéveg Bécelg, ot omoiot pe v Pondela ypovopuéTpov
Katéypopav v petaxivion ekdotov melod péca o€
GUYKEKPIUEVEG LUOPOLEG,

* Eite pe ypnon ko gwcovog pe v Pondela kivnuatoypo-
QKNG UNYOVIG N LAY VITOGKOTLOV.

Edkd pe v gpfon HoyvnTtooKOmov 0 HEAETNTNG EXEL
Vv duvatotnTa Vo emAVOAGPEL Kol TOPOKOAOVONGEL TO
QOVOLLEVO OV KATEYPAYE OGEC POPES YPELAGTEL KOt VoL ovol-
ADGEL KO LEAETNOEL KOADTEPO TO YOPAKTNPLOTIKG GTOLYELD
TOV UETOKIVOLUEVOV TTECDV (POALO, Tepimov NAKia ,|ETO-
QepouEVA PopTio, TaXOTNTA...). Q¢ XPOVOUETPO UTOpEL va.
YPNOLOTOMCEL TIG  EVOEIEELG TNG GLOKEVTG OVOTUPAYDYNG
mg oV,

Me 115 avotépo pedddovg eEocpalilope v KoToypo-
ON TOV YOPAKTNPLOTIKOV Kiviiong me(dv atopwov oaAld dev
NTOV EVKOAO VO, OTOTVTIOGOVIE EVKOAM TO {YVOG TNG TOPELOg
TOV.

Eivar yvooto 011 1 cupmepipopd tov melov, o€ avtibe-
Yropinbnxe: 19.5.2006  Eywve dexrij: 26.9.2008

I. IRANNIAHX
[MoMtikdg Mnyavicdg

oM LE VTN TOL 081Y0D, TOPOLGIALEL EVTOVI] KIVITIKOTNTO

evKwnoia Kot gElevbepio petaxivnong péso otov ydpo emt-

TPEMOVTAG TOL VO EXAVOTPOGOIOPicEL VKOAN KABE oTIyUn

T dadpopn mov Ba arxoAovdncet. ['a 1o Adyo avTd TO 1)VOg

mopeiag Tov omavia givat po evbeia ypopun, 0AAG cuyvoTe-

pa po TeBhacpévn.
lNo v kotaypoen tov iyvovg mopeiag meldv, 6mov
aVTO NTAV AmapaitnTo, TOAd, TPOLPovVaY GE dAPOPa. Te-

YVOGLLOTO KOl TPOKTIKEG, TTOV OTOLTOVGAV GUVIOMG 101K

npogpyasio Tov domédov SEAgvong:

*  JdoTpo™n TOL SamEGOL pE HOAOKO VIOSTPOUA (OTTMG
Y. G0, GKOVT|, (10VL -o€ POPELEG XDPES. .. ),

o Xpfon vomod apalod acBecToXpOUATOS 1] VEPOD TOL
LETAPEPETAL ETL TOV SAMEGOV OKOVGLO [LE TIG COAES TMV
VIodNpaTH TOV TE(®V OO YELTOVIKT TEPLOYN,

*  oyeodlaon pe ypodpo eni Tov domédov Kovdfov Sakptvo-
LEVOL amd TNV punyavin AWemg

*  EKUETOAAELON VTAPYOVCOG dATESOGTPWOONG LE TAGKES
YVOOTOV Sl0GTACEMY, LE OPLOVG ELOLAKPLTOVS GO TNV
pnyavn Ayewg,

*  YPNON AVIYVELTP®V EVAIGONTOV TNV TEOT KOt EOIKTG
KOTOYPOPIKNG GUOKEVTG TOL oNUaTog dtéAevong. (KTt
AVAAOYO LLE TOVG 0oONTPEG TPO TV BuPdV KTipiV TOL
avtopfavovtatr To Bapog tov nelod Kot avoiyouv Tnv
nopta). ..

To pelovekTiuote TOV TOPUTAVEO TEXVOUCUATOV OT®OG
avtlopfovopacte gival apkeTd OTG:

o dev eaocpaiiletar pe akpifeia n mopeia Tov kKGBe OV
OTOLOV OALG L0 TAGT) GLYKEYVUEVT] TOV {YVOLG TOV G-
VOLOL T®V OTOU®OV TOL TEPUCAY OO VO CUYKEKPUEVO
XOPO,

*  Amauteiton mpoetoyacio Tov Ydpov dElevong (Gppog,
OKOVY, YWOVL...) kKot petd amotvmwon (cuvifog ewTo-
YPAONON) TOV VOV OTNV TEPLOYN TNG KATAYPAOTS ,

e O neldg avtihappaveral Tov oyedacpHEVO Kavvafo Kot
ovyva oAAGlel cupmeplpopd Padicpatog M wopeia, omo-
QevYEL GLYVA TIC TEPLOYEG LE TO VOTO AGPEGTO- XPOLU
Y10 VOL 1) AEPMOGEL TOL VITOSNLLATA TOV, EVA 0O TO 0ATESO
e&atpifovrar ypryopa iyvn vypaciog mov denooav to Bpe-
péva vrodnparta tov telov. Eniong cvyvd, acuvaicdn-
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Ta, 0KOAOVOEL Tal iyvr ALV 0TOU®V TTOL TPOT YN ONKOY
avToL (LovoTmarty).

Ot aviyveutnpeg mov TpoavaeEpnkay givar akpifol kot
OgV UTOPOVV VO KAADYOUV HEYOAEG EMPAVELEG.

‘Etol Aomdv N mepintoon pog domedooTpOUEVNS LE

TAGKEG YVOOTAV S00TAGEWDY, E EVOLAKPITOVE OO KATOLo
UNyov AYE®DG EIKOVMV appovg, sivat 1 Héxpt onLepO TAEOV
doKkyog pébodoc. Iapovoialetl Op®S Tpio LEOVEKTAOTOL

Ol LETPNOELG Va TPETEL VoL deEAyovTal, Kot TpoTipnon,
o€ OVTIoTOL EC SUMEDOCTPOUEVES TEPLOYEC.

KOTA TNV QAOT EKUETAAAEVONG TV SEOOUEVMY TMV E1KO-
VOV TNG TOVIOG, 1] KATAYPAPT] TOL 1XVOLS amodEKvuOTAY
ypovoPopa kot emimovn dwdikacio. [Ipénet va tomobe-
TOUVTOL JaPAVELEG €Ml TG 000V G TNG TNAEOPAOT|G OTIG
omoieg Pe TOAD LTOUOVH Kol TOVO GTa AT OO TNV
axtvoBolia tng 006vNG Kot TO TPEPOVAAGHLO TNG EIKO-
vag vo yivel 6TV TPooRTIKY| KOV, 1 KATOYPAPY] TNG

nopeiog TV meldv pe Aentodg papkadopovs. Kat’ avt

™ @GOoT TO HOYVNTOOKOTIO €YEL TPOYPOAUUATICTEL DOTE

va arodidel TNV €lKOVAL Gg apyr Kivnon.

*  @GAAo onpavtikd TpdPAnpa gival 1 cOOTH peETAPOPd
TOV KOTAYPUQ®V OO TNV TPOOTTIKY €KOVA o€ 0pbo-
KAVOVIKT] €kovo o€ popen kdtoyng. H axpifeia tng
KATOYpOENG Kol TNG UETAQOPAS TV dedoUEVOV TOV
dopopwv Bécewv Tov melov katd v Topeio Tov, eEup-
TAOVTOL VTOKEUEVIKG 0O TNV EMPUELELR, TNV VTOLOVN
Kat TNV 0&0TNTO OPACNG TOV LEAETNTN OV AVOADEL TIG
EIKOVEC.

Metd amd Tordypovr Tp1Pn o€ GYETIKEG LEAETEC TPOCTO-
Onoape vo eKUETOAAELTOVE TIG SVVATOTNTES TTOV TPOGPE-
pet ofuepo o H/Y kot 1 ymowokn ewdva Kot vo KoTaoT-
covpe TV OAN gpyacio Aydtepo emimovn, mo akpiPn Kot
0&10TIoTN, CUTOUATOTOIMVTOS L0 GEPH OO JOOIKAGIES,
kepdilovtag €tot o€ xpdvo, KOO Kot axpifeta.
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o. H rowia wepva omo v avaloyikn puopen oe ynelaxy otov H/Y kot kpatodvior o1 e1K6Ves oo améyovy uetald 1ovg opiouévo

xpovo (z.y. 1 devtepolento). . Opiletor 11 empavelo mopaTHpRoNS kai n§ TOKVOTHTA 100 Kavafov. y. Or g1koves oapyilovy va
EVOAAGOOOVTOL LiE T TEIPE KAl O UEAETHTHG ONUEIWDVEL UE TOV OEIKTI] TOV TOVIIKLOD TIG 01000)IKES Béaeis e mopeiog Tov melov.

Picture 1 a. The tape is transformed from the analog form to a digital form in the computer and the frames having a certain time interval
between them (for example 1 sec) are kept. b. The observation area and the density of the coordinate system is defined. c. The
pictures start to replace each other with a sequence and the researcher marks with the mouse indicator the consecutive positions

of the pedestrian routing.
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Ew.2  Eixova tis arotdnwons tov iyvovg tmv weltv, Onms avth supoviletar oto mepifialiov ACAD. O usietntic Exet tny dvvarotnro. va.
ueyedover i va ouixpiver my eikovo. pe tov kavvofo oco embouel. Ietoyoivel ETo1 THY KOTOAANAY OTTIKY ETAQYN UE TO AVTIKEIUEVO
070 0m010 ETTIALEL TV TPOGOYH TOV, AVEAVOVTAS ETOL TV OKPIPELO, TWV TOPATHPHTEWDY TOD.

Picture 2 Picture of the recording of the pedestrian trace, as it is presented in an ACAD environment. The researcher has the possibility to
maximize or to minimize the picture with the coordinate system according his desire. In this way he achieves the suitable visual
contact with the object in which concentrates his attention, increasing in this way the accuracy of his observations.

lml | Alz[x] Al

iﬁT a
Pl
2| A
e
< B8
=1
|| D
O
~| =
=
L
|
L ]| =i
= 7
&
Al #

\(

[N

> . :
KN JLIEI

Select object=: 1 found
Select objects: *Cancelx

|Cc|mmand. _I‘. _I _’I

Ew. 3  XZyéon mpoortikic eikovag ue pkpo etoviOpevo tuiua tov kavvafoo oe kdtoyn (opn mpofiorr). Omov o ueletntig onueiwver
ONUELOL ETL TG TPOOTTIKHG EIKOVOG, ADTO. UETOAPEPOVTAL OVTOUATO KoL 0THY 0pOn TPoLOLR, YOPLEEOVIOS TAVTOYPOVO. KAL THY O10VD-
Oeioa wopeioa.

Picture 3 Relation of the perspective view of the picture, with a small part of the coordinate system, in plan view (orthogonal projection).
Where the researcher marks points on the perspective view of the picture, these are automatically transferred also in the
orthogonal projection, drafting simultaneously the routing performed.
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eprypaon mpotevopévng pe@oédov

1. mpovmobéoeis:

*  AmotOmmon TG TEPLoyNg Epevvag (S100TACELS, EUTOdLA,
KAiom 000V, oTofepd onpeia....)

o KatdAnin emdoyn 0Béong mapatipnong, ®ote va
VILAPYEL TANPNG OTTIKY KAAVYN ToV e&TalOUEVOD YDPOL
€peuvag Kal TV otafepdv onpeimv Tov EYoVV ETIAEYEL..

* Yrapén kat xpron Hoyvntookoniov Torofe-tnuévou o€
otobepn axivnn Pdon ko’ 6An T didpkela TG Hoyv-
TOGKOTNOT|S,

ATd TN GTIYU TOL 0 PEAETNTAG £XEL OTA YEPLAL TOL TNV
Towvio amd To PoyvnTooKOTIo OOV £xEl OmoTVT®OEL TO Pat-
vouevo, Tpofaivel oty akdOAoVON Tpoepyasia:

2. mpogpyooio:

*  Metatpémetal 1 Toavio. TOL LYV TOGKOTGOUE GE YNQL-
ax6 apyeio toviag, popeng .avi (Video Image) pe oopmi-
gon kowvav adyopibuwv (r.y. INTEL INDEO...), ®ote t0
apyeio va givat avoyvdoio 6tovg teptocotepovg HYY.

* H tawio dwwomdror o€ aAAniovyio EIKOVOV , TO YVOOTH
kapé (frames). H evépyela avt yivetar gvkola pe éva
ot6 TO TOAAG AOYICUIKG TPOYPAUATA TG 0YOPES, 1) amd

Movondoux neoaw

FpoviLER] Cuoopopcd Tooy wideo

MWk Mopo KT TLEG wideo

TPOYPALUIOTO AOYICUIKOD OV pmopel va Ppel Kamotog
dwpedv oto Awndiktvo. Xvykekpipéva oto E.M.IL xpn-
GLLOTOUGALE AOYIGUIKO TTOL OT1LLOVPYNCALE GE YADCOO
Visual Basic.

[Ipocoyn mpénet va dobei o dvo onpeio:
¢ H apyr| ynowokn towvia vo komel 6 LikpOTEPO TUNLO-

ta dupketog 5-10 min yio ebkoAn ene&epyacia.

* Amoxleiovpe amd v Swdkacio Eva peydAo aplOud
EIKOVOV, KPOTOVTOG TEMKA, £V HEPOG TOV OVTUTPOCH-
nevel X ekoveg, N kapé ava devtepoiento (fps = frame
per second).

O apBpog TOV EIKOVOV TOV KPpATAE eapTdTot amd TV
TayvtnTa. petakivnong tov nelov. Xovnbog apkel 1-2 fps
v telobg Tov petakvovvtol Nria. H mepikonn tov eicovev
éxel eninToon:

*  6TOVG YPOVOLG GTOVG 0TTOi0VE dtadpapaTileTol To PUVO-
pevo g petaxivnong (o apBpog fps apénet va AapPa-
VETOL VITOYT] GTOV VITOAOYIGUO TNG TOYVTNTAG).

o XV akpifeta tov iyvovug (apainon onueimv),

o Xt0 péyebog tov apyeiov (LkpoTEPO APYELD, GUVTOUOTE-
pot ypévot enekepyaciag).

Ot ewcdveg TOL TEAMKG KpaToLVTAL Yo EneEepyacial, To

'

| SApBpds neloaw

Cancel I Help I

IIIIIIII =

— MNzwp. “opOETHRUT TIECG POy OroiTLG Y
[ivokos AnoTedsoplo Ty
Arpo polyline SucdiaThpa [m] TooxiThTo [Mmdzec)
Emioyr Movonooriod | Apwrp Ténoo
o1 oz 0.01 0.05
oz 03 0.02 0.06
0z 04 0.01 0.032
04 [ula 0.01 0.03
Evpomt os apxsio. . 05 0] 0.02 0.05
AEEER L2 I o6 av 0.01 0.05
o 0.02 0.07
=] 0.01 0.032
10 0.02 0.06
11 0.00 0.01
Cancel I Help I
e .

Ew. 4  (opiotepa): Zyéon mpoortikig emkovag ue v whipn opdokavovikn mpofoin e eCetalouevns mepioyng.  (avm): O opiBuog twv
EIKOVOV 0VE, 0€VTEPOAETTO KaBopiel TOVS ypovovg Tov Paivouévov. Aniavetor o apiBuog twv me{@v Twv omoiwy embopodue va
eletaooue to. yoportnpiotikd ¢ mopeiag. Ol Topeles avTég avoAVTIKG Paivovial aTthv exouevn eikova (kdtw). To elayopevo mov
gUPovIlovTal umopovY Vo, ypapovy e OpyELO VIO TEPOITEP® OTOTIOTIKY OVOAVOH 1 YPOPIKY OTEIKOVIOT.

Picture 4 (left): Relation of the perspective view of the picture with the complete orthogonal projection of the area under examination.(Top):
The number of frames per second defines the time of the effect. It is stated the number of pedestrians, the characteristics of which
we desire to examine. These routings are shown in detail in the next picture (down). The results presented may be written to a file

for further statistical analysis or graphical representation.
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TPOYPOLLO TIG amodnKedel ot Hovada GKANPoY dioKoL pe
T Gepd oV guPavifovTol otV Tavio, TPocdidovTag Tovg
éva Ovopo Tov opilet o ypnotng kot Evo avcovto aptipd mov
opilel aVTOLOTO TO TPOYPOLLLLAL.

2. KATAT'PA®H TOY IXNOYX [IOPEIAX:

310 e PAALOV TOV YVOGTOO AOYIGUIKOD TPOYPAULATOS
ACAD rl4 koAovpe Aoylopikd T0 omoio cuvtalape oe
yAdoca ALISP. Avtd €xel ©G amoGTOAY VO GUTOUOTOTTOU]-
OEL TIG TEPLGCOTEPEG YPOovOPOpes Kat emimoves S10d1KaGiEg
OV OLVAVTO KATOL0G OTNV OTOKMOKOTOINoN dedopévav
detyndatov nopeiog teldv. O KOOKOG TOL AOYIGHUIKOD aVTOD
TPoYpappoTog £xet katatedel atn cHvtaén Tov TEPLOdIKOV,
emeldn Op®G gival ToAGEMIOG Kol EEPeVYEL omd Ta OpLa
UG OTAL OTTOT0L TPEMEL VAL OVATTOCGETAL Lol dpocievon Ba
dtatifeTon 6TOVG EVOLOPEPOIEVOVG LETE OO GUVEVVONOT] LLE
TOVG GLYYPOAPELG.

SUYKEKPLEVA TO TPOTEVOUEVO AOYIGUIKO TPOYPOLLLOL
amoteleital omd o 6epd 5 cuvoptioev (fnudtov) ekte-
Ael avtopoTo TIC EENG epyaoieg:

1. TomoBetel kaBe pio omd TIg €KOVEG TG YNOLOKNG TOL-
viog (video) og pia drapopetikn dwapdavewa (layer) oto
nepifddiov tov Aoyiopkod ACAD, ppovtifoviog tav-
TOypova GoTe M KoV G e&eTalOpevns TepLoyng va
eppaviCetatr otV 1010 KaBe Popd BEon g 006vNG.

2. Kokel dadoyucd kot gpeoviCel pe m oepd pio pio tig
OO KEVUEVEG OTIC OLOPOPETIKEG SLUPAVEIEG EIKOVEG.
Kébe ewova eppaviletar mpoonTikd pe onpeio puyng
7oV eE0PTAOVTOL OO TIG BE0EIS TOV AVTIKEEVOD KOl TOV
EIKOVOANTTY).

3. Ewwd oty Tpd ekdva mov epgaviletar otny 08ovn,
10 TPOYpappo (NTd and tov ¥pHoTn Vo opicel el g
TPOOTTIKNG EKOVAG Ta Opta. TG eEetalopevng opboywvi-
KNG TEPLOYNG TTOL YiveTaL T Epevva, KaBMG Kot Tig S106TAH-
OE1g TAATOVG KOl LKOVG OVTIG TG TEPLOYNS.

4. To mpdypappo cvtépaTa dMptovpyet kKivapo, yopilovrog
v e€etalopevn meployn o 4 TURRATO, 0&l0TOLDVTOS
TOVG GE0VES GLUETPiOG TNG VIO eE€taon éktaonc. O Kd-
vaPog avTodg UTOPEL VO TUKVAOGEL EDKOAN, DTTOSOUPDOVTOG
TNV TEPLOYN OE MKPATEPO TUNLLATO LEGM TOV OPLOTEPOV
TAKTPOV TOL TOVTIKIOL (mouse).

5. To mpdypopLo PETATPENEL TNV TPOOTTIKY OLOLTOUY KOl
Tov Kavafo o€ opBokavovikn kdtoym, dimha oty TPoo-
TTIKT €KOVOL

6. Ot dwpdaveieg e TG ekoveg eppavifovtot dtadoykd 1 pio
KOTOTY TNG GAANG oty 1010 B€om eni tng 006V pe Paoet
mv avfovca oegpd pe v omoio amobnievtnkay. Ipa-
KTuKG 1 povn petokivion mov mapatnpeitor oty 08ovn
gtval auti g Béomg Tev meldv g KOV, AT aKpl-
B M petaxivnon avd gwdva GNUEIOVETOL OO TOV LEAE-
N UE TO OEIKTN TOV TOVTIKION LE KATOL0 OTHAOL EXAVED
omv 006vn. O peretnig Topakolovdel Kot onuadeder

ava gwova évo otabepd onueio enti tov melod (my dkpo

&vog vmodnpotog, 6tov ot melol eivar Alyotl ko vrapyeL

opaTOTNTA, 1] KEPAAN], 0TaV ot TteCoi givar moArot).

7. Olo ovtd To ONUASIO, TOV OVIUTPOCSMTEVOVY onueia
¢ mopeiog Tov melov, poll pe To mEPiypoppa TNG TE-
PLOYNG Kol ToV KAvaPo Kataypaeovtol og po otafepn
dwpdavewa (layer 0) kot amwofnikedovtot KOTGAANAQ.

8. Toawtdypova 10 TPOYPULLLO EVEPYEL DOTE VAL SLOYPAPETOL
LE L0 YPOU KATOLO0U YPOUATOC, SIPOPETIKY Yio, KAOe
70, 1 mopeio Tov meloh 6N SoTopn TOGO GTNV TPOO-
TTIKN €KOVa, 660 Kot TV 0pOokavovikn KAToy).

9. Otav o neldg mov £xet 1e0el og Tapoakorovdnon e&EA-
Oel amd TNV evepyn TEPLOYT|, TO TPOYPOLLLO ETOVAPEPEL
NV endpevn €kova Kot 1 dadikacio exavarappavetor,
®oTe vo amotum@Bel kot 1 Topeia Tov devTépov meloV.
Ot emavonyelg avtég eaptmdvtatl omd Tov aplipd Tmv
nel®dv ka1 opilovtot amd Tov YpNoTN GV opyn TG OLo-
dkooiag.

To mpoypapupe @povtilel eniong ywo toydv Adbn mov
pumopovv va cvpfodv. Etor my. av kdmolog xpiotng Tou
Tpoypdupotog opicet onpeio 0éomg melov ektdG MEPLOYNG
TOPATAPNONG TO TPOYPOLLLLO dEV TNV Aapfdvel vdymn eupa-
vifovtog pivopa AaBovg Kot TpoTPonT| Yo GMOGTH EVEPYELQ.

H popon g ypopung mopeiag eivar tétota (polyline),
nov pmopei va (noel péow tov mpoypappatoc ACAD to
koG Tng.

I'vopilovtag tov apBud tov edveov Kot Tov ¥povo
7ov pecorafei petald tov mpoPforiopévav ewdvov (apib-
nog kapé avd devtepdiento (fps)), evkoro vmoAoyiletal
Kat 0 xpovog diédevong and onpeio mpog onueio, KabmOg
Kol 0 GLVOALKOG Ypovog. ['vopiloviag v andotacn mov
dtovolnie Kot Tov avticToro ypovo TPOKLATEL 1) TOOTITA
petaxivnong.

To oTotKEl0 TOV TPOKVATOLY UTOPOVV VO ATOONKEVTOVY
oe popen apyeiov keévou ( popeng txt). H mapabuprokn
AELTOLPYIO. TOV TPOYPOUUATOV TOV KLKAOPOPOUV GHLEPT
OTNV ayopd Kot 1 SuVATOTNTO TOV OGS TOPEXOVY VOL OVTOA-
AGGGOoVV, 1) VoL LETAPEPOVV SESOUEVA OO TO EVOL TPOYPOLLLLLOL
070 GAAO pag Olvel TN SUVOTOTNTO VO LETAPEPOUE AVETOL
TIG GUVTETAYHEVES TOV 1YVAOV Kivnong og éva AoYIoTIKO (1)
EXCEL), 1 otatiotikd npdypoppa (ry SPSS) kot va mpoko-
YOLV OTATIGTIKG OTOTEAEGLLATA TNG HETAKIVIIONG.

ITAEOVEKTINOTO KO LELOVEKTIIOTO TS TPOTELVOREVG
pedodov:

A. TAEOVEKTILOTOL:

¢ Emudyvvon epyaciog

*  Ayotepn KOT®MOTN, KUPIOG TOV HATIOV TOV HEAETNTN

*  AvtopoTiopog S10dKasIdY

o AxpiPela oTig HETPOELG

e H telun mpokdmtovsa €ikévo Tov opbfoywovikod Kova-
Bov kat TV tyvov Topeing tov el®v uropel va, yivet g0-
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KOAO, TPLOJIAGTATH KO VO, TN BAETOVILE 0t OTOL0, OTTTIKT

yovio embopolpe.

*  ElevBepia emhoyng omd TOV XEPIOTH TOV TPOCHTMY TOL
B eEetdoet péoa amd to TA00G TV ATOUMY TOL KUKAO-
@OpovV 6NV TePLoyn. Avti 1 glevbepia divel ) dvvartod-
TNTO. GTOV YEIPIOTI] VO TOPUKOAOVONCEL KOl VL AvOADGEL
TOL YOPOKTNPLIOTIKG KIVNOTG ONAd®Y OTOU®MV HE KATOL0
WOHTEPO YOPAKTNPLOTIKO (TT.Y. ™G TPOG TO POALO, TTEPiTOV
™V MAKia, To LETOQEPOUEVE POPTIQ, TO CLVOSEVOLEVE,
artopla, KAT), o€ 0vTiBEDT) e AV TOUOTOTOMUEVE CUOTH L
TOL KOTOYPAQG KIVIOTG KoL 0VAADGTG, TTOV KATAYPAPOLY
oTIdNmoTE Kiveltal og [ TEPLoYN, gite ivar AvOpwTOG,
oo, 1 oymua. Map’ 6Tt Tov TeEhevTaio Kapd KaTafAAAeTOL
TPOOTADELD HEG® AOYIGHLKOD VO avaryvepilovtot ouTopa-
TOL 01 LOPPEG KAT YOPOKTIPLOTIKA TMV KIVOUUEVOY GTOYWOV
OV TOPOTNPEL 1] KALEPO TOV LYV TOGKOTIOV, EKTYLOVLE
OTL 1] TOPOLVGI KO 1] GUVEIGPOPE TOL XEPLOTY| OTNV £PEVL-
VoL EIVOIL OKOLLOL OVOVTIKOTAGTOTT.

B. Meovektiparo:

Q¢ povo peovéktmuo tng mpoavapepbeicag pebodov
OV UTMOPOVLE VO avTIANeBolLe onpepa givat 1) ypron e&m-
TEPIKAV TPOYPAUUATOV TNG OYOPAG TEPA OO TO AOYIGHKO
Tpoypappo mov cvvtdéape. H 6An dwdikooio ekteAeiton
Bood ato TepPAArlov TOV YV®GTOD AOYIGHIKOD OXESOOTL-
KoV mpoypappatoc ACAD. Ao v GAAN OpG TAELPA TO €V
AOY® oxedlooTIKO TPOYpOppo gival guphToTa dtadedopéva
OTO YOPO TOV UNYOVIKOV, To d€ LTOAOUTO TPOYPAUIOTO
Al divovton pe tov eEomcpd tov H/Y kot dAAa gite gupi-
OKOVTOL EVKOADTOTO GTNV AYOPd, EITE TPOGPEPOVTUL dDPEAV
o1o AwdikTvo.

Mpoontikég:

H extéleon g pebddov amd éva evinio avefdptnto
AOYIOHKO TTPOYpappo. epyolreio, o pio eEgMyIEVT QUMK
yAooca tpoypappaticpot (ty VISUAL BASIC), oto onoio
Ba £yolle EVOOUATMOGEL Kot 0AYOPIOLOVS TTOV Ba EKTYLOVV TIg
TUKVOTNTEG TV TTEl®V OV cLYVALOLY Kol KOKAOPOPOVV GE
KGO0, TPOCILIOPIGUEVT] TEPLOYT).
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Extended summary

Contribution to the Automatic Recording of Pedestrian
Traces, by a Computer, from Video files

1. TZOUVADAKIS
Associate Professor of NTUA

Abstract

This paper presents a relatively simple recording method, via
computer, for tracking the movement of pedestrians. The movement
is recorded by a video camera in a chosen area of pedestrian traffic
in an urban area. This method has been developed in N.T.U.A..
as part of a project for wider research investigating the flow of
pedestrians moving in counter streams.

For this method, special functions and corresponding software in
the VISUAL BASIC and ALISP languages have been developed.
Because the code concerned, with its comments and analysis, is
extensive, it has been submitted to the editing committee of the
bulletin in an annex and it is available to those interested, with the
agreement of the editing committee or the authors.

An extension of the method may be used for analysis and study of
other moving objects in urban areas. (For example forms of vehicle
circulation at street intersections).

1. INTRODUCTION

The practice applied in the past for the recording of
characteristics of pedestrian movements was:

» Either the positioning of observers in certain previously
chosen positions, who, by use of time measurements,
recorded the movement of each pedestrian within certain
sections.

e Or by the use of pictures taken by a cine or video
camera.

When a video player is used, the researcher has the
possibility to repeat and to follow up the effect recorded
as many times as requested and to analyze and study
better the characteristics of the moving pedestrians (sex,
approximate age, transported loads, speed....). He (she)
can use the indications of the picture reproduction device
as a time measure.

Using the above methods, we can ensured the recording
of pedestrian movements, but it is not easy to trace their
path.

It is well known that pedestrian behavior, in contrast to
that of a driver, presents strong mobility, flexibility and a
Submitted: May. 19, 2006 Accepted: Sep 26, 2008

I. IOANNIDIS
Civil Engineer

displacement freedom within the area, allowing him (her)

to redefine easily the routing followed each time. For this

reason the trace of the movement is rarely a straight line and
is frequently a polygonal line.

In the past, when it was necessary to record the trace of
pedestrians’ displacement various maneuvers and practices
were employed, usually requiring special pretreatment of the
pavement under observation.

* Coating of the pavement with a soft substance (e.g. sand,
dust, snow in northern countries...)

* Use of fresh lime coating or water, which is transported
by the soles of the pedestrians’ shoes to a neighboring
area.

* Drafting of a coordinate network on the floor, visible to
the recording camera.

* Use of the existing pavement covering by plates of
known dimensions, with joints easily visible to the
recording camera.

* Use of pressure sensors in combination with a special
device recording the movement signal. (Something
similar to the sensors in front of the doors of buildings,
which detect a person’s weight and open the door)...
The disadvantages of the above maneuvers are easy to

understand:

e The route of an individual pedestrian cannot be
determined with accuracy, but rather a confused tendency
of the tracks of a set of persons passing through a certain
area.

e Preparation of the observation area is required (sand,
dust, snow...) and afterwards a recording (usually
photographic) of the tracks in the recording area.

* Thepedestrian understands the existing coordinate system
and usually modifies her walking behavior or routing in
order to avoid the areas with fresh lime coating that
would dirty her shoes, while the humidity traces from the
humid shoes of the pedestrians quickly evaporate from
the pavement. Also usually, unconsciously, he follows
the traces of other people previously passing through the
area (walking way).
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* The sensors previously mentioned are expensive and
cannot cover big surfaces.

Therefore the case of an area covered by plates of known
dimensions, with joints easily visible to a recording camera,
is the most effective method to date. However it presents
three disadvantages:

e The measurements should preferably be carried out in
covered areas.

* Evaluation of the data on the picture tape is a time-
consuming and laborious procedure. Transparencies
are viewed on a television screen and pedestrian routes
are marked on the images, an intensive and painstaking
process that is tiring for the eyes. During this phase the
video player is playing in slow motion.

* Another important problem is the correct transfer of the
recorded data from the perspective view to a rectangular
picture in a plan view form. The accuracy of the
recording and the transfer of the different positions of
the pedestrian along the route, depend subjectively on
the thoroughness, the patience and the sharpness of the
eyesight of the researcher analyzing the pictures.

After many years’ experience of such studies, we have
tried to use the possibilities provided today by an electronic
computer and the digital picture in order to make the work
less laborious, more accurate and reliable, automating a
series of procedures, thus gaining time and accuracy while
saving work.

Description of the proposed method

1. Prerequisites:

* Survey of the research area (dimensions, obstacles, slope
of the road, reference points...)

» Suitable selection of the observation position, in order to
have complete visual coverage of the research area and
the reference points selected.

» Existence and use of a video recording camera installed
on a steady base during the recording.

Once the tape from the video camera is available, with
the results of the observation, the following pre-treatment is
performed:

2. Pre-treatment:

* The tape with the data recorded is transformed to a digital
tape file, in avi format (Video Image) with compression
using common algorithms (e.g. INTEL, INDEO ...)
so that that the file will be readable by the majority of
electronic computers.

* The tape is split into a sequence of pictures, known

as frames. This procedure is carried out easily by the
existing software on the market, or by software that is
freely available on the Internet. In our case, at N.-T.U.A
we have used software created by us in the Visual Basic
language.

Special attention should be paid to two points:

* The initial digital tape is cut into smaller parts of 5-10
minutes’ duration for easy treatment.

*  We exclude from the procedure a large percentage of the
images, finally keeping a part that represents X pictures
or frames per second (fps).

The number of frames kept depends on the speed of
pedestrian movement. Usually 1-2 fps for pedestrians
moving with moderate speed are good enough. The cutting
of the frames affects:

* The time interval during which the movement is taking
place (the fps number must be taken into account during
the speed calculation).

* The accuracy of the trace (rarefaction of the points).

* The size of the file (smaller file, shorter treatment time).
The frames finally kept for treatment are stored by the

program on the hard disc unit in the same sequence as on

the tape, with a filename defined by the user and an index
number automatically allocated by the program.

3. Recording of the routing trace:

In the well-known ACAD rl4 software environment,
we run software programmed in the ALISP language,
whose function is to automate most of the time and labor
consuming procedures involved in decoding the data of
samples of pedestrians’ routing. (The relevant program code
has been submitted to the editorial committee of this bulletin,
but because it has many pages and is beyond the scope of
this publication, it can be made available to interested parties
later, with the agreement of the authors.)

Specifically, the software comprises a series of 5 functions
(steps) and performs the following tasks automatically:

1. It places each of the frames of the digital tape (video) on
a different transparency (layer) in the ACAD software
environment, taking care to present the frame of the area
under examination at the same position on the screen
each time.

2. It recalls consecutively and presents one by one the
stored frames of different layers. Each frame is presented
in perspective view with escape points depending on the
positions of the object and the cameraman.

3. For the first picture presented on the screen, the program
asks the user to define on the perspective view of the
picture the limits of the rectangular area where the
research is being carried out, as well as the width and the
length of this area.
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4. The program automatically creates a coordinate system
dividing the area under examination into 4 parts, taking
advantage of the symmetry axes of the area under
examination. This coordinate system may easily be made
more dense using mouse controls, dividing the area into
smaller parts.

5. The program transforms the perspective section and the
coordinate system into a rectangular plan view, beside
the perspective view.

6. The layers with the pictures are presented successively
in the same position on the screen, according to
the ascending sequence in which they were stored.
Practically the only displacement observed on the screen
is that of the position of the pedestrians of the picture.
The researcher notes this displacement precisely on each
picture using the mouse cursor to make a mark on the
screen. The researcher follows up and marks per picture a
fixed point on the pedestrian (e.g. the end of a shoe, when
the pedestrians are few and there is a good visibility, or
the head if the pedestrians are many).

7. All these marks representing the points of the pedestrian’s
route, with the contours of the area and the coordinate
system, are recorded on a constant layer (layer 0) and are
stored appropriately.

8. At the same time, the program records the pedestrian’s
route using a colored line, with a different color for each
pedestrian, in the perspective view of the picture as well
as the rectangular plan view.

9. When the pedestrian under observation leaves the
active area, the program recalls the next picture and the
procedure is repeated to record the route of the second
pedestrian. These repetitions depend on the number
of the pedestrians and are defined by the user at the
beginning of the procedure.

The program includes error checking. For example, if
a user of the program defines a position point outside the
observation area, the program does not accept it, but instead
provides an error message and as suggestion as to the correct
action.

The form of the route line is such that (polyline), its
length may be determined by the ACAD program.

Knowing the number of frames and the time interval
between the projected pictures (number of frames per second
(fps)), it is also easy to calculate the elapsed time from point
to point, as well as the total time. Knowing the distance

and the corresponding displacement time we can find the
displacement speed.

The resulting data may be stored as a text file (txt form).
The window operation of the current programs on the market
and their possibility to exchange or to transfer data from one
program to another, allow easy transfer of the coordinates of
the displacement traces to an accounting (e.g. EXCEL) or
statistical program (e.g. SPSS) so as to obtain graphical and
statistical results of the displacement.

ADVANTAGES AND DISADVANTAGES OF
THE PROPOSED METHOD:

A. Advantages
* Acceleration of the work
* Less fatigue, mainly that of the eyes of the researcher
e Automation of the procedures
* Accuracy of measurements
* The final resulting picture of the rectangular coordinate
system and that of the traces of the pedestrians’ routes
may be easily transformed to a three dimensional one,
which can be viewed from any optical angle desired (See
picture )
B. Disadvantages
The sole disadvantage of this method is the use of external
commercial software apart from the program we produced.
The overall procedure is carried out in the environment of
the well-known drafting program ACAD. However, this
drafting program is widely available among engineers, while
others are either supplied with the computer equipment or
are easily available from the market; alternative software is
also freely available on the Internet.

PERSPECTIVES:

We aim to develop a universal, independent, user-friendly
software tool in a familiar language (e.g. VISUAL BASIC),
which will also incorporate algorithms for estimating
pedestrian densities within a certain defined area.
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