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IIpocopoimon ¢ Kivnong tov Acw@opeimv
oTiS X1aoelg o€ Heproyn Enuatodotovusvov Koppov

A. TEAMITIOYAAXZ
Enixovpog Kabnynmgc E.M.IL.

LHepidnyn

ZHUOVTIKO TUIIO. TOD GVVOAKOD Ypovov o100pouns twv Malikoy
Méowv Metapoparv (MMM) xoatavolovetar otig meEPLoyés twv
onuazodotobuevwv koufov. H feltioon e kivnong tovg otig
TEPLOYES QVTES UTOPEL VO, EYEL EVEPYETIKG, ATOTEAEOUATA TOGO YLO. TV
kivion twv MMM 660 koi yevikotepo. yio. Ty Kivijon Ty vroloinwy
OYNUATWV TTHY TOLN. 2TV TOPODGO. EPYO.TIO. OVOADETOL 1] KIVIGH TWV
AE@QPOPEIV TTNY TEPLOYI] TWV THUATOOOTODUEVOV KOUP DV TO10TIKG,
KOl TOOOTIKG. 2T GUVEYELQ, TPOTEIVOVTOL UOONUATIKG TPOTVTTA. Y10,
TOV DTOAOYIGUO TOV TUHUATOS EKEIVOD TOD YPOVOD TOPOLUOVIS EVOS
Aew@opelov ot oTAC, TO OTOLO GOUTITTEL EITE UE TNV TPAGIVY EVOEL-
&n eite pe v KokkIvy Evoeién tov pwTervod onuotodoty. To. mpotv-
T QTG EYOVY WG OVELAPTNTES LUETOLINTES TO AOYO THS O10PKELOS THS
TPACIVIG EVOEIENS TOV GHUATOOOTH TPOS T GUVOLIKY OLGPKELL THS
TEPIOOOV ONUOTOOOTHONG, KOODS KOl TO GOVOMKO YpOVO TOPOUOVHS
&vog dewpopeiov ot atdon. H epappoy twv mpotdnwy mopovoioce
IKOVOTOLNTIKG, OTOTEAEGUOTOL.

1. EIXATI'QI'H

H Beltimon kot n Tpovopuakn petayeipton tov Molikadv
Méowv Metapopdv (MMM) amotedovv kotnyopio PETP®V
OV UTOPEL VoL £XEL TOL TTLO EVEPYETIKA OMOTEAEGLLOTO TOGO Y10
™V KoATepn 0lomoinon ToV VOIGTAUEVOV GLOTNUATOV
HETOPOPOV KOl TNV OTOQLYN KOTAGKELTG VE®V, OGO Kol Yo
) BeATiooN TOV OpVNTIKOV EXMTOCEDY OO TV EKTETOLE-
V1 (PNOHOTOINoT TOV EXPOTIKOV avTokviTav [1, 2].

Extipdror 01t 611G KeEVIPKEG TTEPLOYES TV TOAE®V TO
10-20% tov GLVOALKOD YPOVOL SLASPOUNG TOV AEOPOPEIDV
aQOpE. GTNV VOOV TOVG GTOVS GNUATOS0TOVEVOLS KOLL-
Boug [1]. 'Eva onuavtikd tpumqpae avthg g KeBvuotépnong
opeideTat 6To yeyovog OtL N duvatdTTe GLVEXOHS Kivnomng,
OV TPOCPEPEL 10 KATAAANAL GUVTOVIGUEVT GNULATOdOTNON
(mpdovo ko) ota emPatikd avtokivnta, dev a&lomoteital
oamd T oyNUaTe TV ONUocimv cvykowvevidv (oynqua 1).
Avto cvpPaivel, emeldn AOY® TV 6TAcE®Y gV gival duva-
v va akolovBnoovv ™ péon taydnTo Kivnong yw v
omoia £yovv cLVTOVIGTEL Ot pmTEVOl onuatodotes [1, 2, §].
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Figure 1: Time — Space diagram for bus.

O okondg ™G mapovcag epyaciog eivor ap’ evog eV M
avdéivon g kivnong tov Aem@opeimv Kovtd ce onpatodo-
TOVLEVOVG KOUPOVS KOl EIGIKOTEPO TV YPOVOV OVOLLOVIG Y10
emPifaon 1 amoPifacn emPordv, kot o’ €TEPOL 1 LodN -
TIK Tpocopoimon (e avAmTLEN HaONUOTIKOV TPOTOT®V)
NG TOPALOVIG TOVG 0T 6TAo™ Yo emtPifacn kot amofifo-
o1 emPaTdV 6€ GYECT LE TNV £VOEIEN TOV POTEVOD GTLLOTO-
dot.

2. XYMBOAIXMOI
C H ouvvolikn didpketo g onpoatoddtnong
(mepiodog).
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G/C O Adyog g d1apKelag TG TPASIYNG EVOElENg
(G) mpog 1 cvuvolkn dibpKeta TG ONHLOTOdO-
mong (C).

R/C O Aoyog g didpketag TG KOKKIVIG EVOEIENG
(R) mpog ™ ovvolikn d1dpKeLd TG ONHLOTOdO-
mong (C).

Dt O cvvolKdg ¥pOVOG TOPAUOVIG EVOG AE®PO-
peiov ot otdon.

t. Xpovog ekkEvmoNG.

R2 [ToALomAOC oLVTELESTNG TPOCIOPIGHOD TNG
avAALGTG TAALVOpOUNGTG.

F Ty otatiotikod eréyyov F.

[Dt(G)/G] To TuNHO TOL CLVOAKOD Y¥POVOL TOPUUOVIG
0V Aew@opeiov ot otdon Dt(G), to omoio
ovumintel pe v npdoivn €voelén Tov onpo-
108011, ©G 1060010 (%).

[Dt(R)/R] To TUNHO TOL CLVOMKOV Y¥POVOL TOPALOVIS
T0V Aew@opeiov otn otdon Dt(R), to omoio
GUUTIMTEL e TNV KOKKIVY £VOEIEN TOV GMLOLTO-
3011, ®g T0600To (%).

constant Ytabepr| TaPAUETPOC TOL HaONOTIKOD TPOT-
TOV.

dummy [Mowotkn petafant.

t 2tatioTikog deyyog t — Student.

o AloTnpo EUTIGTOGOVG,.

3. MEGOAOAOI'TA

Ye pio otdon, mov PpickKeTor KOVIQ g oNUATOdOTY, £va
Aewpopeio pmopel va apudel pe évoeiEn tov onuatodotn
elte mpdowvn eite kokKkvn. Katd cuvémela o ypodvog mapapio-
VNG 01N 6TACT TTOL amatteitan yio TV amoPifacn kaun ent-
Bipaon Tov emPatdv gival SuvaTOV VO GUUTECEL e TN 1|
aKOLO KL LE TO GUVOAO TN YPOVIKNG OLbpKELOG TG TPACL-
e (G) /kar g kokKvng (R) évdeitnc.

To tufpa Tov ¥POVOL TOPALOVIS OTN GTAGT, TOL GLUTI-
TTEL PE TNV TPAGIVY €VIEEN, €ivan owtd mov emnpedlel tnv
Kivnon TV AEOQOPEI®Y Kol KOTO GUVETELD TV KLKAOQOPLO-
K1 1kavOTNTO TG 0800, POV TO, VAOAOITO OYNLLOTO, EXTNPEG-
Covtar amd T1¢ otdoelg Tov Aeopopeimv. To Tunua Tov ypod-
VOU TOPOUOVIG OTN GTAGN, TOL CLUTINTEL PE TNV KOKKIVN
évdelén, dev emnpedlel Timota amd T TUPOUTAV®, AP £TCL
Kot 0AMOE TPOKELTAL Y10 YPOVO TOV TO AEWPOPEIO TOPUUEVEL
axwnromomuévo [1, 8].

Emopévag mapdpetpot, 6mmg givor o Adyog G/C kot o
GLVOAKOG XPOVOG TOPALOVIG EVOG AE@OPEiOL o1 oTdo,
etvar Waitepa onpovtikég kot Ba mpémet va Anedovv vdym
OTNV AVATTUEN TOV TPOTVT®V TPOGOUOi®oNG. AAAN oruo-
VTN TopdpeTpog sivat 1 évdeiEn tov onpotoddt (tpdovn
1N kdKKvn) KaTd TNV omoia To AemPopeio oTapatd 6N oTdoN
Yo va. eEVNPETNOEL TOVG EMPATEG.

Amatteitol AomOV 0 TPOGIIOPIGUOG TOV TUNLOTOG TOV
GLVOALKOD YPOVOL TAPALOVIG EVOG AEMPOPEIOD GTT GTACT], O
0m0l0¢ GLUMIMTEL e TUNHOA TNG TPACIYNG 1 TNG KOKKIVNG
€vdelgng tov onpatodot. o to okomd avtdv avarticco-
vtol pobnpatikd tpdtuma, ota onoio ot aveEdpTnTeg peta-
BAnTég givar 0 Adyog G/C Kot 0 GLVOAMKOG ¥POVOG TAPOLOVAG
evoc Aemopeiov ot otdon Dt. To pabnupotikd mpodTuma
AVOTTOGGOVTAL Y10 SIUPOPEG TEPITTAOCELS: Y10l TO GUVOLO TOV
AE®QOPEIDV TOV GTOUATNGOV OTIG GTAGELS, Y1 TO AE®POpPEiR
mov @eBdvouv 6N othon, otav 1 €véelEn Tov onuAToddTN
glvot Tpaotyn 1 KOKKWVN avtioTouyo.

[Mpoxewévon va emtevyHovv To TOPOTAVD, OToLTEITOL
apYLIKG 1 GLAAOYN TOL KOTAAANAOV OTUTIGTIKOD O&lypuaTog,
1660 amd amoyr peyéBovg 6co Kot and amoyn €idovg otot-
xelov. Ta otoyeio avtd mepthapfdavovy Kupimg v aeign
ToV Aem@opeiov ot otdon oe oyéon pe TV €voelEn Tov
ONUOTOdOTH, TO YXPOVO TOPOLOVIG TOL AEM@OpElovL ©TN
GTAGT, TO TUNLLA TOV XPOVOL TAPALLOVIG TOV AEDPOPEIOL 0T
GTAGCT TOL GUUTINTEL PE TUNALO 1] TO GUVOAO TNG TPAGIVIG |
KOKKIVNG £VOEIENC K.0.. Avagopiid pe T onpatodotnon yive-
TaL 1 Tapodoyn EVOC GUOTNOTOS GUVTOVIGHEVNG OTLOTOO0-
mong otafepod xpdvov, dnradr| evog cuoTHATOS TOL £&a-
SQUAleL cuveXN POT| KATA PAKOG TOV 03DV TOL KIVOOVTOL TOL
Aewgopeia. Eniong, ot pdoelg e onpatoddtnong petafai-
AOVTOL GOUPOVA LLE TIG YUPOKTNPIOTIKES TEPLOSOVG (.Y TP®-
W1 M OTOYELHOTIVY OyUn) HE EQPOAPUOYN €VOG KATAAANAOV
TPOYPALLOTOG NAEKTPOVIKOD VITOAOYIOTH.

Ia ™ cvARoy] TOV KATAAANAOV GTATIOTIKOD JEIYLLOTOG
AmOLTOOVTIOL 1) COOTH EMA0YN 000V Kol otdoewv (6mov Ba
yivouv ot LETPNOELS), N YPOVIKN TEP0O0G GLALOYNG T®V GTOL-
YEIOV KoL 1) OLAPKELD TOV UETPTCEDV.

4. MEOQOAOAOI'TA XYAAOT'HX
KATAAAHAOY XTATIETIKOY
AEII'MATOX

4.1. O Tpémog 6VALOYIG TOV GTOLYEIMV

Ta croyeio Tov GLAAEXONKAY NTOV TOGO TOGOTIKA, OTWG
0L YPOVIKEG OTIYLEG TNG AOIENG KOl TNG VOYDPTOTG TOV AE®-
@opelmv amd TN 6TAoN, OGO KOl TOLOTIKA, OTMS 1 POTEWVN
€voel&n Tov oNPOTOdOTN KATA TV APLEN TOV AE®EOPEIOL 0T
otdon. Ilpoxepévon va cuileyodv pe axpifeto ta ototyeio
avtd, ypnowwomomdnke Pivreoxdpepa [10]. TMapdriinia
£€Yve Kol TaLTOYPOVI KOTOYPAPT OO TOPUTNPNTEG OPIoUE-
VOV OTOYEIOV 08 KATAAANAO EVTUTTO, MGTE VO, EIVOL EVKOAO-
tepn M enekepyacio Tovg.

4.2. H gmioyn} TV 000V

Ot petpnoslg mpaypotomombnkay ce Kevipkég 0d00g
oV £xovv KotevBuvon amd Kot TPog To KEVTPO TG TOANG Ko



Teyv. Xpov. Emot. 'Exd. TEE, 1, tevy. 3 2000 Tech. Chron. Sci. J. TCG, I, No 3 59

O oVYKEKPIEVE oTIG AemPopovg Knoiolag, AAe&avopag
Kot Mecoyeiov, apod évag mord peydiog aptBpoc ewgopeimv
KoL AEDOQPOPELOKDY YPOUUDY SEPYETAUL Od VTEG, LE AmOTE-
AEGLLOL VO TPOYLLOTOTOLOVVTOL VYNAOL (pOPTOL LETAKIVOVLLE-
vov entotdv. Apa onotodnmote pétpo Peitioong g Kivi-
ong TV Aemgopeiov Ba &xel 0QéAn g tKovo apBud emiPo-
TOV TOV PETOKIVOVUVTOL [E TO AEMPOPEIR OTIG YPOUUES AVTES.
E&dAhov oTic 0600¢ 0vTéG peTaKtveital LeYalog aptBuog ent-
Botikadv avtokvitov IX, taél K.An., To onoia exnpedlovy,
0€ TOAAEG TTEPUTTMOELG, OTLOVTIKA TNV KIVI|oN TOV AE®PO-
pelov kot kabiotodv amapaitnn ™V KaTAYPAPN GTOrKEl®V
KUKAOQOPLUKOV POPTOU.

4.3. H emdoy1] TOV KaTdAMAov 6Tdcemv

[Ipokeiévon va Tpocopolwbel N Topapovy Tov AE@@o-
peiov ot otdon yo v emPifaon kot amofifacn exPotdv
o€ oyéon pe v €voeilgn Tov POTEVOL oNuaTodoTy, Ba Ttpé-
TEL VOl EMAEYOVV GTAGELS TOL PpiokovTol 6€ TETOL0 aTOGTO-
on amd T0 ONUATOdOTH, OoTE va ennpedlovial amd avTov.
Emopéveg ot otdoelg mov emiéydnkav Ppiokovior apécmg
peTd M mpwv omd pio, onproTodoTovUEVT] dlaoTavpmaet. Emi-
ong, emewdn oty AbMva to otkodoptkd TETPAy@va gival
pkpd, emAéyOnke yio o detypa kon pio otdon mov va Ppi-
OKETOL OTO HEGO TEPIMOV TOL OLKOSOULKOD TETPAYMDVOL, GE
amootoon mepimov 100 pétpov and to onuatodotn [1, 9],
POV GTAGELS, TOV ATEXOVY TEPLaOTEPO amd 100 pétpa, dev
emnpedloviat amd 10 POTEWVSO GNUATOSOTH.

2T GUVEKELN, KATOYPAPNKE OO TapATNPNTEG N Kivnon
TOV AeOQOPEL®V GE SLAPOPETIKOV TUTOV GTACELS — GE GYEON
pe tn B€om tovg ™G TPOg T dcTADPMSN — YWPIG TN XPNOoT
Bwreoxdpepac. Atamotdbnke 61t peTald TOV GTAGEMY TOV
Bpiokovtar axppdc mpv omd TO ONUOTOSOTH VIAPYOLV
ONULOVTIKESG SLOPOPOTOMGELS, OL OTTOTEG OPEIAOVTAL OTNV OO~
GTOOT OVAUESH OTO ONUATOOOTN TANGIOV TNg GTAoNG Kot
GTOV OUECHG TPONYOVUEVO, KOl OTO AV EMITPEMETAL 1] OYL M
de&16 oTpoO.

Ot S10POPETIKEG TEPUTTMOELG TOV TPOEKLYAV TTAV OPKE-
té¢ (mepimov 10-12), and T1g onoieg emAEyOnKay ot TOPUKA-
T TEVIE OTACES MG TO OVIUTPOCMOTEVTIKEG, OTIS OMOIEG
TPOYUATOTTOWONKAY KOl O LETPTOELS:

1. H otdon ZépPa mov PBpioketar ot Aeweopo Knoioiog
otV Kotevbuveon Tpog 10 kEvipo g mOAnG. H otdon
avt Ppioketatl akpifdg Tptv and To oNUOTOdOT OE ATO-
otoon 20 péETpav and autdv, EVO TOPAAANAL ETTPETETOL
Kot 1 0e&1d otpoen. O apécmg TPONYOVLEVOS OTULATOdO-
¢ Ppioketot LokpLd Kot TO CUYKEKPLUEVE GE OTOCTOOT)
250 mepimov péETp@V amd T0 oNUATOdOTN IOV Eivor TAN-
ciov g otdone. EmmAéov, 6to cuykekpiévo Tunpo e
Aew@dpov Knoioiag 1oyvel to PETPO TNG ATOKAEICTIKNG
Aopidag yo o Aewpopeia.

2. H otdéon Inmoxpdrtovg mov Bpicketar otn Aew@opo Ade-
Eavopag otnv KatevBouvorn and to kévrpo TG mOAnc. H
otdomn avt Ppiloketar akpiPdg TP amd TO ONUOTOSOTN
o€ andotoon 9 HETPOV amd aVTOV, VA eV EMTPETETOL 1|
dekld otpopn. O apécmg TPONYOLHEVOS GNUATOSOTNG
Bpioketal apketd TANGIOV KOl 1O GUYKEKPLUEVO GE OTTO-
otaon 100 mepimov pétpmv amd To oNROTodOTH TOV Eival
mAnciov ¢ oTdong.

3. H otéon 51 Xolapyod mov Bpicketor 6t Aewedpo Meco-
velov oty KkotebBuvon mpog to Kévipo g mOANG. H
otaon avt) Bpiokerar akpPdg Tpv omd T0 oNpATOdOTN
o€ amootaoT 7 PHETPp@V amd avtdv, VG ETioNG dev emTPE-
metal 1 0e&ld atpoen. O apEcOG TPONYOVUEVOS CTUATO-
50TNG Pploketal opKeTd LaKPLE KOL TO CUYKEKPLUEVO GE
amootacn 600 mepimov PETPOV AT TO GNUATOSOTN TOL
glvar TAnciov g otdong. H mepintmon g cuykekpipé-
VNG oTAoNG £ival CUUTANPOUATIKY TOV dV0 TPOTYOULLE-
vov.

4. H otdon 3" XoAapyov mov Ppioketar ot AL@@OpO

Mecoyesiov oty katevBuven Tpog To KEVIPO TNG TOANG.
H otdomn avt Bpicketot apécmc LETA TO oNUATOdOTN O
amootacn 35 pétpev amd avutév (Aopfovopévov vToyn
Kot TOL TAATOVS TG KéBeta SooTovpovpevng 0d0v). O
QPECOC TPONYOVUEVOS GNUATOdOTNG Ppioketal pakpld
Kol 70 GLYKEKpEva o€ amdotaot 160 nepinov pérpav
amd T0 oNUATOOOTN TANGIOV TNG OTAONG.

5. H otdon Zovia mov Bpicketal otn Aew@dpo AreEavopog
oV katevduvon amd 1o KEVIPO NG mOANG. H otdon
a1 PPIoKETOL GTO PLEGO TOL OLKOOOLLKOD TETPAYMVOL GE
amootaon 80 pétpov amd 10 onuatodotn. O apécmg
TPONYOUUEVOG ONHOTOSOTNG PpioKeTol HOKPLL Kot 7o
ovykekpéva og amdotacn 200 wepimov péTpov and to
oNpatodoTn oV givatl TAnciov ¢ otdong. H mepintoon
TNG CLYKEKPLUEVNG OTAGTG VOl EMIGTG GLUTAN PO LOTIKY
TOV TPOTYOVUEVDV.

4.4. H gmioy1] TOV (pOVOL KO TNG OLIPKELOG
TOV PETPCEMV

Toydv 510pOPOTONGELS OTA YOPAKTNPLOTIKA KivNong T™V
oynuétev og éva 0d1Kkd diktvo eppavifovral Adyw® ¢ aAho-
¢ and pio katdotoon avEnuévng kukhoeopiag (repiodog
auUnc) o€ o To A Katdotao (epiodog eKTOC aryung).
AvaLoya LE TO OV Ol LLETPTOELG TTPAYLLOTOTOLOVVTOL OE TEPLO-
80 ayypng M eKTOS oINS SLopoPOTOLOVVTOL OPIGUEVES TTALPG
LLETPOL TOL £YOVV GYEOT e Ta Ae@opela, OTwg etvat o aptd-
noc TV dpoporoyiov, N ToybTNTA Kiviong, 0 ¥pOvog Topo-
HoViG evOg Aem@popeiov otn otdon, N TAnpotTa K.AT. Ot
OTOLEGONTOTE SLUPOPOTOLGELS, OV gpavilovTal 6T Guvo-
Mk kvkhogopia, ameikovifovtal Kol 6To OvVTIGTOL(0. TTPo-
YPaupoTo onpatoddTnong, To omoio. EVOAAACGOVTOL KOTA
nepintoon (meplodog aryng, TePIod0g EKTOG ALYUNG K.AT.).
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Iivaxag 1: Huépo kar dpo. uétpnong oe kabe ordon.
Table 1: Day and time for counts at each stop.

X1don Hpépa ko opa pétpnong 2UVOLIKT OLAPKELD
(Dpeg)
ZépPa = Kopokn 7/6/98, 11:40-14:40
(C =90 devtepdremtar) = Tetdptn 10/6/98, 07:15-10:15 9
= Tetdptn 10/6/98, 11:30-14:30
Inmoxpdtoug = Acgvtépa 8/6/98, 10:30-13:30
(C =90 devteporenta) = [Iéumm 11/6/98, 07:40-10:40 9
= [Iéumm 11/6/98, 11:40-14:40
3" Xohapyoo = Kvupokn 14/6/98, 10:30-13:30
(C =120 devteporento) = Tpitm 16/6/98, 07:00-10:00 9
= Tpit 16/6/98, 11:00-14:00
5" Xohapyoo = Tetapt 17/6/98, 07:00-10:00 6
(C =120 devteporenta) = Tetdptn 17/6/98, 11:00-14:00
Zovio, = Tlopackevn 12/6/98, 07:20-10:20 5
(C =90 devtepdrentar) = Jlopaokevn 12/6/98, 12:15-14:15

Emopévac ta ototygio mov cuykevipmOnkay tpoépyovioy
oo TiG €&NG SLUPOPETIKEG KATUOTACELS KUKAOPOPLOKOD QOp-
ToV: () petdpévng KukAopopiag, 1 omoia ovopdaletot lo emi-
nedo mapeyoduevng eEvmmpétmongs, (B) avénuévng koukhogo-
piog, n onoia. ovoudletar 30 eninedo mapeyduevng e&vmnpé-
mong, Kot (y) evoldpesng KuKAOQopiog TV 800 Tponyolpe-
vov, 1 omoia ovopdletat 20 eninedo mapeyOUEVNG eEumnpé-
mong [2, 8].

To 1° eminedo mapeyxdpevng e&uoanpénong yapaktnpile-
o and pelwpévn kukiopopia. H kivon tov Asweopeiov
dev emmpedletor KaBOAOL omd TNV Kivion T®V VTOAOIT®OV
oynuétev, o apBpog TV Ae®@EOPEIDOY TOV dPOLLOAOYOVVTAL
elvan pkpdg Ko avéAoya pkpn glvor Kot 1 emPorikn Kivn-
omn. X710 T TG 000V HeTAED TOV GNUATOdOTH TANGIOV TG
OTOONG KOL TOV OUECHOG TPONYOVUEVOL GNUATOSOT OTtd
avtov Topatnpovvtal otdbueg euanpétong A kot B. H
péon kafuoTtépnon OTNV TEPLOYN TOV ONUATOSOTOVUEVOL
Kkopupov dev Eemepvd ta 15 devtepdrenta, omdte o1 oTAONES
e&ummpémong eivor emiong A kot B.

To 3° eminedo mapeyduevng e&umnpétnong yopaxtmpile-
ot and avénuévn kukioeopio. H kivinon tov Asweopeiov
emnpedletatl onuavtikd and v Kivnon tov vroroinwv oxn-
patov, o0 aplBpog TOV AEOPOPEI®Y OV JPOUOAOYOVVTOL
elvar peydhog Kot avarloyo avEnpévn eival kot 1 mPOTIKY
Kivnon. Z1o Tunpa g 0800 petald Tov oNUATOdOTN TTAN-
6loV TG 6TACTG KOl TOV AUESMG TPOTNYOVUEVOV GNUATOSOTN
oo avtov Tapatnpovvral otdlueg evmnpémong E ko F. H
péon kabuoTéPNoN OTNV TEPLOYN TOV ONUATOSOTOVUEVOL
kopPov Eemepva ta 40 devtepdienta, ondte ot otdbpes e&v-
nnpémong sivan emiong E ko F.

To 2° eninedo mapeyduevng e&umnpétnong eivat evolale-
60 TV 000 mponyovuevay. H kivinon tov Aemgopeiov enn-
pedleton o OPICUEVES TEPITTMGELS Ol TNV Kivnomn TV vTo-
Aoinwv oynuatev, evéd ot otddueg eEumnpétong eivor C ko D.

Ov petpioelg mpayuatoromOnkav: (o) ot YPOVIKN
nepiodo peta&d 07:00 kot 10:30, TpoKeEUEVOD VO, KOTOYPOQET
avénuévn kokropopia (3o eminedo mopexopevng e&umnpén-
ong), (B) ov mepiodo peta&d 11:00 kar 14:30, Tpokeipévon
va kataypagel péon kvkhogopia (20 eminedo mopeydUeEVNS
gEummpétong) Kot (y) Kuplakr yio va kataypagel pkpn
KukAoopia (1o eninedo mapeyxodpevng eEummpénong), yioti
0oTOLOONTTOTE GAAN MUEPA JEV TOPUTNPEITAL GUVENNG YOUNAN
KUKAOQOPia Yl tkavn ¥poviky TePiodo.

S. METPHXEIX KAI ANAAYXH
AIIOTEAEXMATQN

5.1. Ow perpijocig

Ot peTpfoElg TPOyUATOTOMONKOY 6TO SIAGTNHO OO TIG
7/6/1998 émg kot tig 17/6/1998, mpmvég Kot PECT|UEPIOVES
mpeg, kat glyav cuvolikn didpketa 38 dpeg (mivakag 1).

H Bwreoxdpepa mov ypnoipomomdnke frov pio Panasonic
M10 pe katdAnio adovpvévio tpimoda othpi&ne.

Emiong, o1 Pwvreokacéteg mov ypnoponombnkay frov
tomov VHS. Téhog, og d)eg TIg meprtdoels 1 Prvteokapepa
tonofeOnke oto melodpopo, akpPmg dimha 610 0360TP®-
po g de&lic Awpidog kot 6g amdOGTACT TETOLN, MGTE VO
KOTOYPAPETAL 1] TOVTOYXPOVY APLEN TEPIGTOTEPOV TOV EVOG
Aewopeiov.
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Iivaxog 2: Xapoktypiotikd mopauovis Aewpopeiov oe otdoy.
Table 2: Characteristics of bus stationing at a stop.

XopaktnmoTiko péyedog Xvvoro Iepiodog ayypig Iepiodog extdg aryung
ApOpog Aeogopeiov 1016 428 588
Méon T ypovov 15.887 17.860 14.451
TOPUROVIS O HEVTEPOLETTTA.
Ty ardxkiion oe 7.727 8.655 6.622
dguTepoiemTa
Méyietn Tip ypovov 65 65 53
TOPUNOVIS OE OEVTEPOLETTA
EAdyrotn Ty ypévov 5 5 5
TOPOROVIIG OE OEVTEPOLETTA
AlGoTNpHO EPTETOCUVIG
APOVOL TAPULOVIG YIX 15.412 <Dt < 16.362 17.040 < Dt < 18.380 13916 < Dt < 14.986
0.=0.05

Ta kvptoTepa TPOPANUOATO, TOV AVTILETOMIGTNKAV KOTA
1 S1ApKELN TOV UETPNGEDV, NTAV T €ENG:

(o) Ot weloi mov mopépevay pUnpootd ot Prvteokdpepo
Y vo Stooyicovv To dpoOpo. Xg OVTHV TV TEPT®ON Ogv
VN PYE KOBOAOL OTTIKY EMAPT] OVTE [LE TO ONUATOOOTN GALY
001e Kot pe T otdon. To cuykekpévo Tpofanpa emdbon-
Ke &lte pe WIKpY TEPIGTPOPN NG PLVTEOKAUEPAS TPOC TO
defld gite e amOUAKPLYON TNG GTAGTG KL TOV GNUATOdOTN
pe T Agrtovpyio zoom gite, TEAOG, e aDENGT TG ATOGTACNG
g Prvreokdpepag and to £50poc LEG® TOL KATdAANov Tpi-
Toda.

(B) To. optnya KoL To TOOApOY TOV €&ALTIOG TOV HEYAAOV
VYoLug Tovg éumoavay 6to medio peta&y g Prvreokapepog
KOl TOL OoNpaToddTn Teplopilovtag TNV ONTIKY ETAPN LE TO
onpatodotn. To cvykekpipévo TpodPAnpa emAdOnKe pe To va
VILAPYEL TOLTOYPOVI] OTTIK ETAPT KOL LLE TOVG dVO GNUOTO-
dotec. O évog and tovg 6v0o Ppiokdtav oto melodpopto dimia
ot de€ld hmpida Kot 0 devTEPOC GTN SLOYWPIOTIKY VNoida
TV 600 KOTELOVVOEMV, EVD GE KATOLES MEPITTMGELS VINPYE
Kot oNUATOS0TNG TOTOOETNIUEVOG TTAV® OTtO TV 000.

5.2. locoTikY] avaALGN TOV GVALEYOEVTOV GTOLYEIOY
5.2.1. Zuvolkog (pOvog Tapapovilg VoG Aem@opeiov 6T
6Tdon aveéaptTnTo amd TNV voadn onuaTodoT

O ocvvolkog aplBUdc TOV AemPopeimv, To Omoio. KoTe-
ypaonoav, Ntav 1115. And avtd to 1016, dnradn to 91%,
GTOUATNOOV GTH GTAGCT, TPOKEWEVOL VoL EEVTNPETNCOVV EML-
Bateg, evdd ta vedrowwa 99, dnradn to 9%, dev cTapdmoay.
INa ta Aeweopeia TOV GTANATNCOV GTN GTACT VTOAOYIGTNKE
N MO T TOV GUVOMKOD YPOVOL TOPALOVIG GE GVTNH
KaOdG Kot Hio GEPA ard GAAL YOPUKTNPLOTIKG GTOLYElR TOV
mapovoidlovtol otov mivaka 2.

O xpovog exkévmong t., Snadn o ypdvog mov amarteitol
() ywo to Gvorypa — KAgiowo Bupadv kat (B) £og dtov o1 emt-
Bateg apyicovv va emPialovrar/anofifalovton [1], extiun-
Onke pe Pdon oroyeia and ™ PiAoypagia, Stipopeg Helé-
te [1, 8, 11] kot pe Paon Tig pHeTpfoelg 0Tt Kupaivetal and
3—12 devtepodrentol.

H peyoddtepn Ty tov ovapépetol oe Ae@@OpEin TOL
elyav avénpévn TAnpodTTA Kot Kotd cuVETELN TopoT P On-
Ke onpavtikn kafvotépnon, Kupiog péxpt va apyicovv ot
emPatec va aroPfipdalovrat.

5.2.2. Zuvolikog povog Tapapovils £vOg Ae®@@opeiov 6T
0TA01), 6 6YE0T PE TV £VOEIEN TOV GNUATOOOTN

To 76.5% tov Aewgopeinv otopdtmoe ot otdon, 6tav 1
évdelén Tov oNuUaToddTN NTAV TPAGIVY, EVE TO LTOAOITO
23.5% otopdtnoe ot otdon, 6tav 1 EvosiEn Tov GNHaTodo-
™ frav kokkivn (mivakog 3). H dtapopd avapesao ota dHo
TOGOOTA 0QelleTal GTO OTL YEVIKA 1| TPAGIVY €vdelln dwop-
KOVGE TEPLEGOTEPO amd TNV KOKKWVY €vOelln Kot 610 OTL
AOY® NG CLVTOVIGUEVTG ONULATOdOTNONG TO KAOE Aewpopeio
glye N dVVOTOTNTO VOl SLVOGEL KATOL0L OTOGTACT), GKOLLOL KoL
oV TPONYOVUEVA ElYE GTANOTNOEL 0 Kamola otdon (oynua 1).

Emiong, 10 1060016 TV AE®POPEIDY, TOL CTAUATNOAV
o1 otdon e EvOelEn Tov onuaTtoddTN TPAGIVY|, 6€ TEPiodo
ayung sivor 75.4%, kot oe mepiodo ekTOC ayyung eivon
77.2%. To ehdyloto avinuévo mocootd yoo TNV mepiodo
EKTOG OyUNG opeiletar otovg e&Ng mapdyovTeg:

1. Ot ovykekpuéveg otdoelg emAEONKay pe Baon ta Kpi-
mmplo ™G avénuévng emPotikng kivnong kot ) 6éom
TOVG G€ KeVTPIKEG apTnpieg. [TapatmprOnke Aowdv Ot og
OPIOLLEVEG OTAGELS 1 OLapKEL TG TPAoIVNG EVOELENG dev
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Iivaxag 3: Xapoxtypiotikd mopapovic Aewpopeiov oty otaon, oe oyéon pe Evoeién onuatodoT.
Table 3: Characteristics of bus stationing at a bus stop, in relation to traffic light indication.

Mpdaorvn £voeitn Tov oNUATOd6TN

Xapoxtnprotiké péyedog XYvoro Ilepiodog arypig Iepiodog extog aryung
Ap1Opog Aemopeionv 777 323 454
Méon Ty ypovov 15.440 17.195 14.192
TOPUNOVIIG O OLVTEPOAETTTA
Tumki orékiien og 7.416 8.121 6.602
dgvTEPOLETTTAL
Méywotn Tipn (pévov 56 56 53
TOPOPROVIIS GE OEVTEPOLETTA
EAGyiotn Tipn xpoévov 5 5 5
TOPUPOVIYG GE OEVTEPOLETTT
AlgoTNpHO EPTIETOGVVIG 14919 < Dt < 15.962 16.309 < Dt < 18.081 13.585 < Dt < 14.799
APOVOL TapUpOVIS YIa
a=10.05
Koéxxivn évosién 1ov onpotodoTn
Xopoktnprotikd péyedog PNT YY) Ilepiodog auypig Ilepiodog ekTég oyuig
ApOpog Aem@opeiov 239 105 134
Méon Ty ypovov 17.339 19.905 15.329
TOPUNOVIIG OF OEVTEPOLETTTA
Tomkn oanékiion o€ 8.517 9.889 6.641
OEVTEPOLETTA
Méyiet Tipn ypovov 65 65 41
TOPUROVIIG OE OEVTEPOAETTTA
EAlayrotn Ty ypovov 5 6 5
TOPUNOVI]S GE dEVTEPOLETTA
Al06TNHO EPTLETOGVVIG 16.259 < Dt < 15.962 18.014 < Dt < 21.796 14.205 <Dt < 16.453

APOVOL TapapPOVIS Y10
0=0.05

petaforrotay petald TV TEPLOOMV OLYUNG Kol EKTOG
ayung (otdoelg ZépPa, Sn Xolapyov), evd otn otdon
Yovia petaforrdtav 1 SilpKELD TOL TPAGIVOU.

. Emeidn n otdon ZépPa £dwoe kat To peyoldtepo aptdpd
mapaTNPNoE®V and OXeg TIG GALES, emnpedlel onUAVTIK
TO GLYKEKPIEVO omoTéLeGpa. O peydrog oplBpdg mapa-
mpNHoE®V and T oTdon avTh opeidetor 61O OTL €)EL
avénuévn emPotikn Kivion kot givotl KevIpiky, Kol Koo
ovvémelo Bempeital avaykaio M Aqyn otoyeiov ond
TETOL0V €160VG GTAGELG.

. Ze meplddoug aryuns Kamowo and To. AEm@opeio TopEpLe-
vav aKwvnToromuéva o€ mdpa Tokd pKpn andoTtact ond
N OTAoN, VA 1N £vielgn TOV ONUOTOdOTN NTAY TPAGIVY).
Orav teld 0 00ny6g Tov AewPopeiov dvorye TG TOPTES,

OTIG MEPLOGATEPES TMV TEPUTTMCEWDV 1] £VOELEN TOV ONLLaL-
T0dOTN €iye YiVEL KOKKIVY, LE OMOTEAEGLO VO LELDVETOL
TO GUVOAIKO TTOCOGTO TOV AE®QOPEiV oV apiybnoav
61N otdon, 6tav 1 EvOsiEn ToL GNUATOSOTN NTOV TPACL-
vn. Avtifeta, og mEPLOSOVG EKTOC GLYUNG TO QOLVOLEVO
oVTO NTAV CNUAVTIKA TEPLOPIGULEVO.

Awmotddnke akdpa 4Tt 0 PEcog XPOVOG TAPALOVIG OTN
0TAoT TOV Ae@@opeinv Tov agiydnoav, otav n Evdeltn Tov
oNUOTOdOTN NTOV TPAGIVN, eival pkpoTePog Katd 1.9 devte-
polemta og oyéon pe To XPOVO TAPALOVIS TOV AEOPOPEimV
7oL apiydnoav, 6tav 1 £voelEn Tov oTHATOdOTN TOV KOKKIVT|.

Ewdwcotepa, og mepiodo aryung n dapopd yiveror 2.7 dgv-
TepOAETTA, EVO O MEPi0d0 eKTOG ayung givar 1.1 degvtepod-
Aemta. H Stupopd avt pmopet va opeiheton oto 61t 0 00M76G
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[Tivoxag 4: Xoykpion mocoatod apilewv lewpopeinv oe otdon e 10 Adoyo G/C i R/C.
Table 4: Comparison of bus stop arrivals percentage and the ratio G/C or R/C.

Xtaon IMocooté Lew@opeiov Tov G/C [Ho60076 Lew@opeimv mov R/C
a@iydnoav otn 6tdon o¢ aQiydncav otn otdon o¢
TPACIVO KOKKIVO

ZépPa 0.569 0.611 0.431 0.389
[nmokpdTovg 0.889 0.571 0.111 0.429
3" Xohapyod 0.904 0.82 0.096 0.18
5" Xokapyot 0.783 0.767 0.217 0.233
Xovia 0.798 0.478 0.202 0.522

ToV Aew@opeiov PAEmovtag 6Tt M €vdel&n Tov oNUATOdOTN
elvan kokKwvn eEokorovBel va mapapével ot oTdoT, OOTE
TEPLOGOTEPOL EMPATEG VO LTOPESOLVV VO, TPOAAPOLY TO Ae®-
eopeio (mivokog 3).

2TIG TPELG OO TIG TEVTIE GTAGELS CUVOAKE OOV TTPayLLOL-
ToTOMONKAY PETPNOELS dOMIGTM®ONKE cLOYETION TOV ap1b-
LoV T®V Aed@opeimv mov apiydncav ot otdon, O6tav 1
£v0el&n TOV ONUUTOSOTN NTOV TPAGIVT 7| KOKKIVY, LLE TO AOYO
NG TPAGIVNG 1] KOKKIVNG £vOEIENG Tpog v Tepiodo onpato-
dotnong, nradn tov Adyo G/C 1} R/C. Ewdidtepa vdpyet
ovoyétion tov Adyav G/C 1 R/C pe 10 m0600T6 TV Aempo-
PEIOV OV 0PIKVOVVTAL GE TPAGIVY 1 KOKKIV €vOEn avti-
otoya (mivaxag 4).

Hapatnpodpe 6t otig otdoelg ZépPa, 3N Xoiapyov kot
5" Xohapyoo ot dV0 TIHEG ivat KOVTO GYETIKE, EVD OTIG GTA-
oelg Inmoxpdtovg Kol Zovie T0. TOGOOTH TV AEOQOPEIDV
glvar 1.56 @opéc oty mpd kot 1.67 Qopég otn devTepPn
peyaivtepa amd to Aoyo G/C. Apa cvumepaiverar 0Tl o€
0GEC OTAGELG 0 APECWOS TPOTYOVUEVOG ONUATOOOTNG Bpioke-
Tol pHoKpld amd tov TAnciov o1 otdor, ot dVo TIEG etvat
KOVT6, EV® OTNV TEPIMTOGT TOV O AUECHS TPONYOVUEVOS
onpatodotng Ppioketar Kovtd otov mAnciov 6t otéon M 1M
01001 PpicKETOL GTO HEGO TOL OIKOJOMUIKOD TETPUYDVOV, Ol
dvo Tég dapépovv mepinov 1o 1610. EEGALOL oTIC oThOoES
Inmokpdrovg kot Lovia o Adyog G/C eivar pikpdtePog omd
0.6, dNAadn M dLdpkeld TG KOKKIVNG EVOEENG eival opKeTA
peyddn. Opmg 6o mpémel va emonpavisi 6t to péyebog Tov
OTOTIOTIKOD OElyHoTog amd TN CLYKEKPUEVN oTdon &ival
HKpo yio va Tpokvyel pe BefardtnTa 6Tl 1 Sopopd opeile-
TOL G OWTNHV TNV outia.

Katd cvvéneio 10 T0606TO TV AEMPOPEI®V TOV GTOLLL-
TOVV 0T 6TAoT, OTav 1 EvOEEn Tov oNUATodOTN Elval TPa-
own 1 KKK, e&aptdtat amd Toug £E1G TOPAYOVTES:

(o) T 6¢om NG otdomng oe oyéon pe TN SLCTOOPWOOT)
(mprv, petd N pokpid).

(B) Tnv andotaon oty omoia BpickeTor o apES®S TPOT-
YOOUEVOG GNUATOSOTNG atd TO GNUATOSOTY TOV EMNPEALEL TN
otdon (Hokpld 1 Kovtd).

(v) Tnv mepiodo g oNUATOSOTNONG GE GUVOVAGHO LLE TIG
dulpKeleg TV enl HEPOLS VOEiEemV.

5.2.3. Katavop] Tov 0¢itenv Tov Aem@opeinv
o€ KG0g oThon

H egbpeon g Beopnrtikig xatavoung te@v aeifemv Tmv
Aeweopeiov ot otdon yivetor yo ddotnoe. 6o pe v
nepiodo onpaTodOTNONG, TPOKEEVOL Vo eeyyBel 0 TpOTOG
pe tov onoio eBAvovv ta Aewpopeia ot oTdon o oyéon Ue
™V TePiodo oNnpaToddTNoNG.

Ta 800 Booikd oTaTIoTIKG HEYEON OV YpMoYLOTOLOHVTOL
givon 1 péon T p kon 1 Stakdpaven o2, To peyédn avtd
vroloyilovrat [3, 4, 6] and TG oyéoels:

_ (cvvolkdg aplBudg oynudtv)
H= (ovvohikdg aplBpdg YPOVIKOVY SLooTNUAT®V)

K
z Fir I:qxi - U)2
0.2 — 1=l

K

F, 1
& "

H opadomoinon tov otoyciov éyve Eeyopiotd yio kdbe
pétpnon (m.y otdon ZépPa, Kvpraxn 7/6/98, 11:40-14:40)
o TUNpata oo pe TV mePiodo Tng oNUATodoTNoNg OTN
ovykekpévn dtotavpoon. O Eleyyog g KaAg mpooap-
LLOYNC TPOAYUATOTOMONKE |LE TO KPITHPLO TOV X2, 1] EPUPUOYH
TOV 0moiov TPOHTOOETEL OTL O1 PETPNGELG KATATAGGOVTAL GE
OLLAOEG AVAAOYQL LLE TNV T TOVG, Y10 EMXITEDO CTLLOVTIKOTY-
tag 0.01.

Awmotodnke 0Tl o1 apigelg TV AemPopeimv 6T oTd-
OEIC, OMOV TMPOYLOTOTOWONKAV Ol PETPNOELS, aKOAOVOOHV
v Kotovoun Poisson, dniaodr ot agifelg oty kdbe otdon
glvan Tuyoies.

Katd cvvémeta, o xpovog mov amopévet yio vor oAAAEEL 1|
évdelén tov onuatodoTn, pHéca oty omoio apiydnie to Asw-
popelo, eEaptdtat and Tig d1dpreleg TV evdeitemv (Tphovng
1M KOKKIVIG) KOl KOTA ETEKTACT amd T1) SIUPKELD TNG TEPLOSOV
ONLLOTOJOTNONC.

Kot
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Iivaxag 5: IAnpotnta twv Aew@opeiwv oTig oTATEIS.
Table 5: Buses loading factor at stops.

ZUVOMIKA Ilepiodog avyung Ilepiodog ekTdg avypng
A M r A M r A M r
316 262 438 56 109 263 260 153 175
31.1% 25.8% 43.1% 13.1% 25.4% 61.5% 44.2% 26.0% 29.8%

5.3. Motk avédivoen TV cvAieyBEviv oToryEimv
5.3.1. Kivnon tov Aso@opeionv

H «ivnon tov Aeogopeiov dtupopomoteital aviroyo pe
™ 6éom g oTdong og oxéon Le To onpatodotn. Ot otdoelc,
nov Ppickovtol akpBdg TPV amd TO0 oNHATOdOT, EUPOVi-
Covv peyalhtepo aptBpd SLOQOPETIKMY TEPITTOGEDY TPOTOV
Kkivnong tov Aemgopeimv 6€ oyéon e avTég Tov Bpickovrol
OpECWOG HETA TO GNUATOJOTH 1) GTO HECO TOL OLKOSOMLKOV
TETPUYDVOUL.

INo tig otdoeig ZépPa, Inmokpdrovg kot SN XoAapyov,
nov Ppiokovrarl akpidg Tpv amd 10 oNuatodd™: 10 62.4%
TOV Ae®POpei®V TOL oTOUdTNGAY, OTOV 1 £VOEEN TOV GNLLO-
70301 NTOV TPASIVT, TPOAaPav vo dacyicovv T SlueTo-
poon pe v id1a Tpdowvn évdeiEn. To vrdroumo 37.6% dev
TPOAUPE KOl AVOYKAOTIKG TEPIUEVE TN VEQ TPAGIVT EVIELEN.
H attia, yio v onoio dev TpodAafav to Aeweopeio, opeile-
70 €(T€ GTO OTL 0 YPOVOG, TOV UTEUEVE Y10, VO, TEAEIDGEL 1) TPEL-
o EvOelEn TOL GNUTOdOTT, NTAY UIKPOTEPOS ATO TO GVVO-
AMKd xpOVO TOPALOVIG TOV AE®POPEIOL 6TN 0TAOoT| (TOGOGTO
79%), eite 610 OTL O YPOVOG, OV OMEUEVE Y10 VOL TEAELOGEL 1|
pacvn EvOelEn Tov oNUaTodOTY, OgV EMAPKOVOE Yia. VO, O10-
vioel t0 Asw@opeio v andotoon and TN otdon £€m0g To
onpatodort (mtocootd 21%).

BéBoata vépyovv S10poponoticelg GTo TOPUTAVE TOGO-
010 petald TV TPIOV OVTOV GTAGEMV, 01 0TOieg 0QEilovTaL
0T0VG €ENG TOPAYOVTES:
® Audpkeln g mpdovng €vdeling: Oco peyaivtepn eiva,

0G0 UEYAAVTEPO EIVOL TO TOGOGTO TV AEWPOPEI®V TOV

OTOUOTOVV GTI OTACT, OTAV 1 EVOEIEN TOV ONUHOTOdOTN

elvar Tpdowvn, kat dgv ypeldletar vo TePUEVOLY TN VEQ

npaotyn €vdelEn. Avtd amodeikvoetor and to OTL TO

TOGOGTO TMV AEMPOPEI®V, TOL dev Yperdctnke vo mept-

pévouv 1t véa mpactvn £voelén ot otdon Sn Xoiopyoo,

6mov 1 dldpKele TG TPAcvng Evoelgng ftav 92 devtepod-

Aemta, épBace to 85.6%.
® Amdotoot HeTa&D TOv aUEGMG TPOTYOVLEVOL GNLATOdO-

TN KOl TOL oNpatoddtn TAnciov ¢ otdong: Xtny mepi-

TTOGT 7OV 1) ArOoTACN givat HiKpY], OTT®G Yo TapadELy-

po ot otdon Inrokpdtovg, T0 T0G0CTO TOV Ae®@POPEIDY

7OV GTOUOTOVV OTI| GTAGCT, OTAV 1 €VOEIEN TOL OTUOTO-
8ot elvan mpdown, glvar avEnpévo AdOYm TG GLVTOVL-

OUEVNG ONULATOSOTNONG.

® Amodotaon petald oTAong Kot Tov TANGIoV o€ LTV
onpatodotn: Avtny emnpedlet to ypdvo mov amarteiton
oo T0 AEMPOPELD Yol VoL S1VOGEL TNV AmOGTACT) OVTY Kot
va 81€A0BeL omd T StooTadpwon. TTig id1eg OTAGELS, ONAd-
M otig otdoelg ZépPa, Inmokpdrovg kot 51 XoAapyov, to
62.1% tov Aswgopeiov mov aeiydncav, otav n &vdeitn
TOV OTUOTOdOTN HTAY KOKKIVY, AVOY®OPEL AUECHS LE TV
npdown évoeiEn. To vroromo 37.9% ypnoyonotel wou
TUNHO TG VENG TPAGIVIG EVOEIENG, TPOKELLEVOL VO EEV-
mpetost tovg emifateg. To ocvykekpylévo TOGOGTA
eEOPTOVTAL EUIESO OO TOVG TOPBEYOVTEG TOL OVOLPEPOT-
KOV TOPAmave Kot 181oitepa and Toug 600 TPMOTOVG.

Emiong, yw 11¢ mpoavagpepheices otdoelg mapatnpnnke
Yo To. AE®POPEIR TOV YPEIACTNKE VO TEPLLEVOVY TN VEX TTPG-
own évdedn ot (a) To 80.4% diévvoe v andotacn ond ™
GTAON £(0G TO GNUATOSOTN, OTAV 0 CNUATOdOTNG Elye KOKKL-
v €voeign, ave&aptro omd T0 TOGOo LKkpn ) Oyl fTav 1 dto-
voopevn amdotao. Etotl kdnotog apBpog emPatdv dev mpod-
Mofe TO GUYKEKPYEVO Aem@opeio, evd Bo Umopovce, €qv
TOPEUEVE OTI GTAOT LE OVOIKTEG TIG TOPTES, UEYPL VAL Yivel
apaown N évdeldn. (B) To 17% twv Aewpopeinv napépetve
61N 0Tdo, V10Tl TO TUNHA 07T T1) 6TACT £MG TO GNUATOSOT
Ntav KateAnuuévo amd GAlo oynuata. Amd avtd puoévo 1o
17.5% elye avowktég t1g mopteg tov. (y) To vmdrowmo 2.6%
TOV Ae®POPEI®V S1EVVGE TNV OIOGTACN amd TN OTACT £MG TO
GNUOTOSOTN YPNOUOTOIOVTOG KL TUNIO TNG VEAG TPACIYNG
évoeldng .

I'a ™ otdon 31 Xolopyol, mov Ppicketal apécms Letd
TO oNUOTOdOTY, TapoTnpEiTol 0Tt T0 22% TOV AE®POPEIDV
OV OTOUATNGOV GE avTh, 6tav 1 £vdelln tov onuatoddT
NTOV TPAGIYY, GTAUATIGOV TPOTYOVLEVO KL GTO GLLOTOOOTH.

I'o ™ otdon Zévio Tov Ppicketol 6T0 HEGO TOV 01KOJO-
LLUKOD TETPAYADVOV, 0 KUPLOTEPOS TAPEYOVTaG, TOL EMNPEGlet
™V Kivnon Tov Aeoeopeinv, ivat 1 avEnuévn KukAopopio
GTO TUNLO atd TN 6TACT €®¢ TO onpotodotn. [apdyovteg,
OT®G 0 GLVOMKOG YPOVOG TAPULOVIG TOV AE®EOPEIOL 0T
otdon, dgv gival TOG0 ONUAVTIKOL OGO OTIG TPOTYOVLEVES
MEPIMTAOCELS, YIOTL TO AEOPOPEID, APoV ELANPETNHOEL TOVG
emPareg, dovOEL (oL GYETIKGL LEYOAN OTOGTAGT Y10 VAL QTA-
o€l 670 onuatodotn. Katd cuvéneia, o av Oa d1éAbet and )
Swotadpoon N Oa ctapatnost oy KOKKvY EvoeEn e&ap-
Tétot and Tov KVKAOQOPLaKkd eOpTo 6NV 000.
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Téhog, damiotdbnke 6Tl Guvolkd to 16.1% TV Aewo-
pelov, To omolo GTOUATNCOV OTIG TEVTE GTAGELS OOV TTPay-
potomomOnKoy ot UeTpNoels, eumodiotnkay ond KAmTOlo
oynua Alyo mpwv a@yBobv otn 6Tdon 1 OVOYKASTNKOY Vo
Kévouv kdmotov glyud. Edikd oty mepint@on g otdong
ZépPa, to avtictoryo Tocootd NTav 19%, evd Ba Enpene va
Nt o) HKpd, apol VTAPYEL ATOKAEIGTIKY A®PIda yia To
Aewoopeia. Ta oynuata, Tov epunddlov v Kivnon Tov Ae®-
popelov, NTav Kuping ta ta&i Kot ta eoptnyd, Ta onoin 6To-
HOTOVGAV O€ EAGYLOTN 0mOoTaoT 0o TN oTdon: (o) Yo va
eEummpetoovy emiPateg Kot (B) Yo QOPTOEKPOPTMON ayo-
0oV avticTtoya.

5.3.2. AvEnon ypévov dpoporoyiov Aempopeiov Aoy®
TaPOpPoOVI|g 611 6TdoN

INa «60e otdon vroloyiotnke 1 avénomn ypdvov dpojLo-
Aoyiov Aeweopeiov. H avénom tov xpdvov avtod oeeiletal
GT0 XPOVO TOPOLOVIG TOV Ae®POopeimV 6N oTdOoT Yo emLPi-
Baon kat awofifoocn emPatdv, aAld dev 1600TOL O OAEG TIG
MEPIMTOOCELS LLE TO YPOVO TAPOLOVIG 0TS oTdoels. O TpoOTOg
VIOAOYIGHOV TNG oOENONG TOL YPOVOV €ivor SLopOPETIKOG
avAAOYO LLE TO OV 1] AQLEN TOL AEMPOPEIOL GTN GTAGN TPOLY-
patomomOnke, 6tav 1 EvOglEn Tov oNUAToddTN NTAV TPAGCT-
v 1 KOKKIV.

Xy mepinton mov 1 AeEN Tov AEMPOPEIOL GTN GTAOT)
mpoypatonoteitat, dtav 1 EvosiEn Tov onpatodot eival KoK-
K1), 0 auénévog ¥poOvos 16oVTaL LE TO TUNHLO TG TPAGIVIG
€voeléng mov ypnoiponoteitot amd to Aew@opeio yio v e&v-
mpéton tov emPatdv, dedopévov Ot 10 Aeweopeio Ba
TOPELEVE GTO POTEVO GNUATOSOTI) OVTAOG 1) AAAWDG AOY® TNG
KOKKIVNG EVOEIENC.

Xy mepintwon mov 1 AeiEn Tov AEOPOPEIOL GTN GTAOT)
mpoypatonoleitat, dtav 1 EvosiEn tov onpatodotn eivot Tpd-
own, 0 avENUEVOC ¥POVoG 16ovTAL LE TO ABPOICHO TOV TUT-
HOTOG TOL GUVOALKOD ¥POVOL TOPALOVIG TOU AEDQOPEIOL
6T OTAOT], TOV GUUTIMTEL e TUNUA TNG TPAGIVIG EVOEIENG
KOL TNV ovapovi] otnv kKOkKwvn €voelln, dedopévov o0t Ba
depydtav pe v mpdoivn Evoelln to Aswopeio, €av dev
VINPYE 1 oTdOoN.

Awmotdbnke 6Tt 1 péon TN TOL AVENUEVOD YPOVOUL,
otav M AeEN ot GTACT CLVEMINTE LE TNV TPACIVY EVOELEN
TOV oNpaToddt, eivar 20.6 devtepdhenta. Avtifeta, N péon
T TOV ¥POVOL, OTAV 1 AEIEN GTN OTACT GUVETLTTE LE TNV
KOKKIVN €vOEIEn Tov oNpatoddt, eivor povo 3.5 devtepore-
TTaL.

H d1apopd avapeso otig 600 Tuég opeidetal oto OTL T
Aemopeia Tov apiydnoov otig oTdoEL;, 6Tav 1 EvOEEn Tov
oNUaTOdOTN NTAV TPAGIVY, CTAULATNGAVY Y10 XPOVIKT TEPI0d0
otV omoia VNPYE 1M duvaTdTNTO Kivnong tovg. Emiong, éva
onuavtikd T0600td and avtd dev Tpodrafe vo dlacyicel ™)

dwaotadpmon Kot wepipeve ™ véa mpactvn Evoein. Avtide-
10, T0 Ae@@opeia mov apiydncav otn otdon, 6tav 1 £voeldn
TOL GNUOTOSOTN NTAV KOKKIVY, avénoav to xpodvo SpopLoro-
yiov, HOVO GTNV TEPITTOOT] TOL YPELAGTNKOV KoL TUALLO TG
TPACIYNG EVOELENG Y10l VL EEVLTNPETIHCOVV TOVG EMLPATES.

E&dAov 1 yopobétmon Tov 6TacemY, GTIG 0TTOlEg TPUy-
potomomdnkay ol HETPHGELS, Eival 0OOTN GE GYEON LE TN
0éom 1oL ONUTOSOTOVUEVOL KOUPOV, av AneBovy voyn 1
7ePl0d0g TG ONUATOOTNONG KOl O TPOTOG TOV YPT|CULOTOL-
gltar o ywpog yopw amd 1t otdon. [ mopddetypo, av n
otdon Innokpdrtovg NTov apéc®s pLetd to onuatodoTn, T0TE
AOY® NG WIKPNG GYETIKG SdpKelng g Tpaovng EvOeiEng
(G/C=0.58) moALd amd To. Aecw@opeio. Bo GTOUATOVCOV KoL
OT1 GTAGT Kot OTIV KOKKIVY £VOEIEn TOL oNUATOdOTN, VD GE
KATOlEG TEPTTMOELG TO. Asw@opeia Ba Ekdevav tov KOpPo,
omoTE TO OMOTEAESHA Ba TV SVGUEVESTEPO Y10 TNV KUKAO-
eopia TV oyNUATOV.

5.3.3. IImpotnTa TOV Ae@@POpPEi®V

H mnpdémta tov kdbe Aewpopeiov divetor amd po kAL
LLOKO AEKTIKGOV 0T0dOGEDY, 0VAAOYQ. LLE TO TOCO YELATO 1| OYL
wapatnpnOnKe to Aeweopeio, T oty mov £eOave ot
otdon. 'Etotl 10 «A» avtiototyel o Aewopeio, 610 omoio dev
vnpyav KaBO6A0L OpBiot emPaTe Kot VANPYAV TOAAES KEVEG
0éoeic. To «M» avrtictoyel oe Aewpopeio, 6To omoio vanp-
xav Atyot 6pBrol emPdreg ko eAdyroteg keveg Béoelg. Téhog,
10 «I™ avtioToly el o€ Aem@opeio, GTO OO0 VAPV OPKE-
Toi 6pOlot emPdrteg Kot KaBOAOV KeEVES BETELG.

Ta amoteAéopaTo TOV PETPHCEDV OTI GTACELS TOPOV-
olalovton oTov mivoka 5.

6. MAOHMATIKA IMPOTYITA
MMPOXOMOIQXHX ITAPAMONHX
AEQO®OPEIQN XTIX XTAYXEIX

Me ta pabnpotikd tpétuna givat duvati n Tpocopoinon
omolovdNTote Pawvopévov. Edikotepa, o1 CLYKEKPLUEVT
TePInTTOON EMYEPEITAL 1] TPOGOUOIMOT) TNG OTAOTG TOV AE®-
eopeinv yio e&uanpétnon enPatdv og oyéon e v Evoelén
TOL PMOTEVOL GNUATOSOTY).

Avdroya pe to av 1 aei&n evog Aeweopeiov 6N oTdon
mpoypatonomdnke, otov 1n €voelEn Tov onNUATodOTN NTOV
TPACIYN 1 KOKKIVY], DTOAOYIGTNKE TO TUNLO TOV GLUVOALKOD
YPOVOL TOPALOVIG TOV AE®@POPElOL GTN GTACN MOV GLUTE-
TTEL L€ KOTOL0 TUNLO TV EVOEIEEDY TOV OTLOTOdOTY.

Evpébnke 611 10 30% Ttov GUVOLOL TV AE®@POPEIDY YPT-
GLUOTTOINGAV TUNLLOL KoL TNG TPAGIVNG Kol TNG KOKKIVNG EVOEL-
&Ng TOL ONOTOJOTY.

H dwdwcacio avantoéng tov KatdAANA®v pobnpatikov
TPoTHRV YWpileTar o VO TEPUTTMCELS. LTV TPMT YXP1OL-
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pomoOnke To cuvoro TV dtuBéciumv otoyygioy, aveEaptn-
T amd TO av 1 AEIEN TOL AEMPOPEIOL GTN GTACT GUVETILATE
HE TNV TpActv N e TNV KOKKIVY EVOELEN TOL OTLOTOdOTY.
[pokeévou va doymptotody Ta Acm@opeio mov apiydncav
otn otdon, otav 1N évoelgn Tov oNUOTOdOTN NTaV TPAcIVN,
amd eketva mov apiydnoav o otdon, 6tav 1 EvosEn Tov
ONUOTOdOTN NTOV KOKKLVY|, YPNCLOTOWO1KE TO0TIKT LETO-
fAnt (dummy). H petofinty avt AapPaver v tun 0,
otav 1 £voelEn Tov onuatodoTn NTAV TPAGTVY, Kot TNV T
1, 6tov n évdeiEn tov oNUaToddTN NTOV KOKKIVY. 11 devTE-
PN TEPITTO®OT SOYWPIGTNKE TO OEIYUA TOV AE®POPEIDV OVA-
AOYa e TO v 1 APLEN TOL AE@POPEIOV GTN GTACT| GUVETIATE
HE TNV TPActv) N e TNV KOKKIVY EVOEIEN TOL OMLOTOdOTY.
Yg ouTV TNV TEPITTOON 1 MOTIKY UHeTofAnT| (dummy)
TPOPOUVAOG dEV GUULETEXEL GTO PO UOTIKE TPOTLTTA.

H pébodog, mov ypnotiponodnke yio Ty KATdpTIon TMV
pobnuatikov mpotdmwv, Ntav 1 péhodog tov elayictmv
TETPAYOVOV, SNAad 1 Avdivon Taiwvdpdunong [4, 51. Ohot
Ol LTOAOYIGHOL Kot Ol €Aeyyol TPpayUaToToOmOnNKay e TO
TPOYpappo NAektpovikod vroloyiot SPSS Release 8.0. Ta
Kprpia, pe Baon ta omoio emAégape ta podnpotikd TpodTL-
7a, givoe to €ENG:

® Ot peydheg TIHéEG TOV TOAAATAOD GUVTEAESTI| TPOGILOPL-
opov R kot tov gAéyyov F.

e H Béltiom wavoroinon tev vrobécewv yio o TVYOio
opdiua €. O 6pog € oyetileTol e T GPAAUATO GTOVG
VIOAOYIGHOVG TV TTapapétpov B. H Beopntikn katavo-
un, Tov akolovbel 1o g, kabopilel o Eva onuavtiko emi-
7ed0 TO TOGO KOAG 1 Oyt T0 draféoyo HabNHOTIKO TPO-
TUTLO TTEPLYPAPEL TN OYéom HeTa&D g e€apTnuévng pLeta-
BANTg kot TV aveEdptntev petafintov [5].

e Ot tég tov eléyyov t Tov Student yia T1g mapapétpovg B
o0V pafnuotwov mpotvmov. Amoppipdnkav ekeiva to
pobnpotikd Tpdtumae, oto omoio M T Tov t Yo pia
nopapeTpo B AapPdvetl Ty eviog UIaG TEPLOYNG, OTOTE
TPOKVATEL OTL LILAPYEL 1| TOAVOTNTO 1 TOPAUETPOG B Vo
Aoppaver undevikn tyun. H meployn amdppymg, yo emi-
nedo onpovtikotntog 0.05, mepriapPavet Tpég evidg tov
dwaotpatog +1.96 ¢wc -1.96 [5].

Xopewvo pe to Tponyovpeva yo kéBe pio mepintoon
avortoyOnke éva Ledhyog pobnpoTIK®V TPoTHT®V: TO TPMTO
HOONUOTIKO TPOTLITO EKTUL TO TUALLO TOV GUVOAMKOD YPOVOL
TOPALOVIG TOV AEMPOPEIOV GTI GTAGCT), TO OTOI0 GLUTITTEL
pe TpuMqpe g Tpdotvng EvOsiEng Tov onpaTodoTn, Kol TO
GALO EKTIUA TO TUNLLOL TOV GUVOAKOD YPOVOL TOPALOVIG TOV
Aew@opeiov ot 0TAOT, TO OTOI0 CLUMITTEL [E TUNHO TNG
KOKKIVNG évOelEng Tov onuatodotn. I'a to Adyo avtov eivor
avaykaio ot dVo pabnuatikéc oyéosls va Eyovv Tig idleg ave-
Eapmteg petafAntés, Yoo va givarl dvvaty 1 OTOLdNTOTE

ovykplon petad tovg. EEGAAov to GOpoicpa TV amoteAe-
opdTeV TV SO HAOMUOTIKOV TPOTOT®V gival {00 pe TO
GUVOAIKO YPOVO TOPUUOVIG TOV AE®POPEIOD GTN GTAON.

O cvvoAkdg oplBHdg LoONUATIKOV TPOTOTT®V, T OToin
avomtoyxOnkav, givar 6: to TPOTO (VYOG OVAPEPETAL OTO
oVVoLo TV Aew@opeimv mov kateypdoncav (oyéoewg 5.1,
5.2 otov mivaka 6), To GAAO 6T Ae@opeia oV apixdnoav
ot otdon, otav 1 £voelEn Tov oNUATOdOTN NTaV TPAcIVY
(oyéoeig 5.3, 5.4 otov wivaka 7), ko to Tpito (evyog ota
Aeweopeia mov apiydnoav ot otdon, 6tav 1 EvosEn Tov
onpatodotn frav kokkvn (oxéoelg 5.5, 5.6 otov mivaxa 8).

Q¢ avelhptreg HETAPANTES YPNOLOTOOVVTIOL O AOYOG
(G/C) kot 0 GLVOMKOG YPOVOC TOPALOVIG EVOC AE@POPEIO
ot otdon (Dt), apov ot Tipég mov Aapfdvovy dev eEaptd-
vtal amd v 4eiEn evdg Aeweopeiov ot otdomn Kot TV
évdelgn tov onuartoddtn. O Aoyog (G/C) elaptdror omd T
EMAEYUEVO TTPOYPOLUO GNUATOdOTNOTG Kol 0 ypovog (Dt)
amd Tov oplfpd tov emPotdv mov eSumnpsTodvial Ot
otdon.

O Aoyoc [DH(G)/G] ekppalet 10 TUAHA TOL GLVOAIKOD
¥POVOL TOPALOVIG TOL AE®POPEiOL GTN GTACN, TO 0moio
oovumintel pe v Tpdowvn £voeiEn Tov oNUaTodoT, MG TOGO-
610 (%). Avtiotoyya, o Adyog [Dt(R)/R] ekppdlet to tunpa
TOV GLVOAMKOU YPOVOL TOAPALOVIG TOL AE®@Opeiov o1
GTAGT), TO OTOI0 CUUTIATEL [LE TNV KOKKIVY £VOEIEN TOV OGN0~
10801, ©¢ 1060610 (%).

Télog, elvar okdmpo va dobel to e0pog TIUDY, TO 0Ol
TPokLye amd TIG LETPNOELS, TOL AAUPEvoLV ot aveEdpTnTeg
petaPintég tov Tpotdnmy. Avtd givol ¥pNolo yuo. peAlo-
VTIKEG EQPOPUOYEG TOV TPOTVT®V, EMEWN EKTIUNOCELS &ivol
dvvatdv va yivoov, povov O6Tav ot TIHEG TV ave&upTNTOV
petapintov Ppiokovtor evtdg TOv SLOCTHUATOS TOV TIUOV
mov glvan dta0éatpa amd To deiypa [S]. 'Etot 0 cuvolkdg ypod-
vog mapopovig evog Aempopeiov otn otdon (Dt) Aappdvet
TIEG 0md 5 Emg kat 65 devteporenta kat o Adyog (G/C) Aap-
Baver tipég amd 0.367 Emg kan 0.833.

H ovppetoyn tov ypévov Dt oo podnuatikd tpodtuma
glvatl moAD onuavtikny kot eaivetatl amd v avénuévn Tiun
Tov ehéyyov t. Emiong, oe 6k ta padnpotikd mpoétumo
TOPALETPOG TNG CVYKEKPLUEVNG LETOPANTNG Exel BeTicn TN
Avto givarl amdivto Aoywkd, yati 660 peyoldTepog gival o
GUVOAIKOG YPOVOC TAPAPOVHG VOGS Aem@opeiov ot oTdoT,
1660 TEPLoGOTEPO AVEAVEL 1 TOOVOTNTO VO CUUTITTEL e
HEYOADTEPO TUNLLA TNG TPAGIVIG 1) TNG KOKKIVNG EVOEENG TOV
ONUOTOSOTT.

H ovppetoyn tov Adyov G/C ota pabnpotiké tpodTuma
€lVOl OTOTIOTIKA OTUOVTIKY, 0AAG O)L TOCO OGO NG LETO-
BAntig Dt, av AneBet vmoym pdvo n Ty tov ehéyyov t. H
mapapetpog g petafantig G/C €xel apvnTiki T yo To
meplocdTeEPA TPOTLTTA. AVTd onuaivel 0Tl 660 TEPIGGHTEPO
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Iivaxog 6: MoBOnuotixd mpotomo. yio. 7o GOVOAO TV Aewpopeiwv.
Table 6: Models for all buses.

MoOnpotikd tpéToma F R
(5.1) [DU(G)/G] =-25.232 + 13.087 - In(Dt) - 25.070 - 1n [%] 17.119 - (dummy) 396.33794 0.54021
Eheyyot t yior Tig METAPINTEG: tin( Dy = 19.046, tinaG /oy = -15.272, taummy) = -26.256, ticonstany =
=-12,872
(5.2) [Dt(R)/R] =-24.846 +1.710 - (Dt) + 10.796 - (%]+ 28.683 - (dummy) 565.11824 0.62620
Eheyyot t yio TG PEToANTEG: tpy = 28.456, tig/c) = 2.533, tigummy] = 26.580, ticonstang = -8,397
Iivoxag 7: MaOyuotika mpotomo. yio. to. Aewpopeia mov opiyOnooy oty ordon ue EVOeLn onuatodoty Tpaoivi.
Table 7: Models for buses arriving at stop with green traffic signal.
MoaOnpotiké npéToma F R’
(5.3) [Dt(G)/G] =-26,470 + 12.833 - In(Dt) - 29.150 - In [%) 292.16691 043018
£heyyor t yior Tig LETOPANTEG: tinpey = 16.126, tincicy = -16.433, teonstang = -11.949
(5.4 [Dt(R)/R] = -61,725 + 69.749 - (%]+ 4.538 - [(1 —%j Dt} 289.58180 0.42801
£heyyor t yion Tig METOPANTEG: tunaioy = 12.390, t1- i) py = 24.039, ticonstany = -14.365
ITivoxag 8: MoOnuotixa mpotoma. yra o lewpopeio, mov apiyOnoay oty ordon pe Evoetn onuaTodoTn KOKKIvy.
Table 8: Models for buses arriving at stop with red traffic signal.
MoOnpotiké wpoTLTO, F R*
(5.5) [D(G)/G] =-20.695 + 23.217 - [%]+ 1.853 - |:[1 —%] Dt} 72.37563 0.38017
Eheyyot t Yo TG HETAPANTES: tin (G /) = 3-958, ti-ic). by = 11.997, tconstang = -4.548
(5.6) [Dt(R)/R] =-33.323 +31.564 - In(Dt) +27.378 - In [%] 140.03605 0.54270
Edeyyot t yuo Tig METAPANTES: tyy (Do = 15.817, tun /ey =4 526, ticonstany = -5.168

av&avel o Mdyog G/C, T1060 TEPIGGATEPO LELDVETOL TO TUN O
TOV GLVOAMKOD YPOVOL TAPAUOVIG TOL AE®@OPEiovL ©TN
GTAGT), TO 0010 GUUTMINTEL e TNV TPASIYT] EVOELEN TOL OTHLO-
T080T.

7. AZIOAOT'HXH TQN IMPOTYIIQN

Ipokeévon va damict@bel 10 eninedo epapproynNg Kot
YPNOWOTNTOAS TOV TPOTEWOUEVOV LOONUATIKAOV TPOTOTMV,
GLAAEYONKaV emmAéov oToryeio amd pia otdon mov dev glye
emheyel Yo TIG oLYKEKPLUEVEG petprioelg (otdon 4n Xolap-
y00 otV kaBodo g Aewpopov Mecoyeimwv Tpog To KEVTPO
mg moAng) xor amd pio otdon Omov mpaylaToTOmONKOY

petpnoels (otdon Inmokpdrovg). EmiéyOnkav Aowdv ot mpo-
avapepbeiceg otdoelg, mpokelévon va afloloynbodv ta
pobnuatikd TpoTuTOL.

H otdon 4n Xolapyol, omd tv omoia Kot GuAAEXOMKaY
otolyeia yio mpdTN Qopd, Ppiloketor axpipag mpv and 10
onpotodot o anoctacn 20 pEtpmv and avtdv, EVO O apLE-
O0MG TPONYOLUEVOS oNUaToddTNG Ppioketal og andotocn 80
LETP@V 0td TO oNUaToddTN TANGIoV TG oTdoNS, dNAadT| Ppi-
OKETOL OYETIKE KOVTA.

To péyebog tov deiyparog Nrav 17 Aeweopeio kot KGAv-
TTE TIG TMEPMMTAOCELG TNG HEOTG KOl TNG AENUEVINS GUVOMKNG
KukAopopiag (2° kou 3° eminedo mopexduevNg eumnpETn-
ong).-
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Iivokag 9: BéAtiota pobnuatika mpotomo.
Table 9: Best model configuration.

Dt, G/ C, omowdonmote £voeiln TOL SNUATOOOTY

5.1 [DU(G)/G] =-25.232 + 13.087 - In(Dt) - 25.070 - In (CC}]_ 17.119 - (dummy)
(5.2) [Dt(R)/R] =-24.846 +1.710 - (Dt) + 10.796 - ((C}]+ 28.683 - (dummy)

Ta kpriplo. aE0AGYNONG TOV OVOTTUYOEVTOV TPOTOTMV
Baoilovtot ot duVaTOTNTO KOANG TPOCAPLOYNG TOVG KOl GTO
oV 1 HOPON TOVG KOl Ol EKTIUNTEG TOV TAPUUETPOV elvar
opBoi. To devtepo kprrplo KaAvEOnKe and v Tapovsioon
TOV TPOTOAWV GTIV TPONYOVUEVT TAPAYPAPO KO EIGIKOTEPA
pe Ti¢ Tipéc v R2, F xat t-Student. Ttv mapovca mapd-
YPOPO avaiveTOL TO TPMTO KP1Tnpto. O Tpdmog, e Tov omoio
YIVETOL 1] EPOPLOYT TOV KPLTNPIOv QLTOL, gival OpKETE AmAdG
kot Paciletal 6Tov VIOAOYIGHO EVOG VEOD TOALUTAOD GUVTE-
AEGTH TPOGSLOPIGHOY, 0 0moiog cupPoriletar pe R2
[5], kou Tov €Xeyyo ¥ KOAG TPOGAUPUOYAG.

O TOALATAOG GUVTEAEGTIG TPOGOIOPIGHOD TPOKVTTEL LUE
Baom éva kavovpyto detypa, To omoio cLAAEYONKE Yoo aLTOV
T0 oKOmO. XLoppova pe Tovg Montgomery kot Peck to kot-
vovpylo deiypa Ba Tpénet va amoteieitol TovAdyletov omd 10
TOPATNPNOELS, DOTE Vo glvat SuvoT 1) EKTIUNGCT TOV ATOTE-
Aéopatog [5].

Av vrotelet 611 T0L y ...,y AMOTELOVV TIG N TAPATNPY-
GELG TOV YPTCYOTOONKAY Y10 VO, KATAPTIGTEL TO GUYKEKPL-
pévo pafnpotikd tpdtumo Kot To Y +15++ Y +ny ATOTELOVV
TIG N, TOPATNPHGELS TOV VEOL SefypoTog, TOTE 0 VEOg TOALO-
TAOG GLUVTEAEOTNG TPOGOI0PIGHOD TPOKHTTEL Ol TN oYEoN:

mpOPreyng

n;+n,
(Yi - g’i)z

R2 ' _1- i=n;+1
mpoPreyng ng+n, v
z (Yi - Yi)

i=n,;+l

6mov 10 y; efvon mpoPrenduevn Tipn g e&opuévng peta-
BANTAG Yy v 1 mapatipnon pe xpHon tov detifépevon
TPOTLTOV KOl TO y glvar 1 péom T g eEopTnuévng peta-
ANt pe Paon to apywd deiypa. Xnv mEPITTOON TOL O
Rznpéﬁkswn . TPOKOYEL GNUOVTIKE, uikpdTepog amd Tov R2 mov
apYIKA €lye VTOAOYIGTEL, 1 YPNOT] TOL GLYKEKPILEVOL TPOTV-
OV TIPEMEL VO, YIVETOAL [IE EMPVAAEN OGOV aPOPE GTA ATOTE-
Aéopatol.

Ye kopla mepintoon podnpotikod Tpotdmov dev mapath-
pNonke peimon Tov cuVTEAEST Rznpéﬁkawn O oo LE TOV
TOAMOTAO GUVTEAEGTN TTPOGOIOPICHOL TTOL GPYIKE ElYe VITO-
Aoyiotel yio kéBe pabnpatikd tpoétvno. Emopévac, pe Pdon

TO GULYKEKPEVO Eheyyo Oev LIAPYEL TPOPANUO KOTA TN
¥XPNON TOV TPOTEWOUEVDV LOONUATIKAV TPOTOHTOV.

Eqappoloviag tov éheyxo Tov x2 supicketal 1o eminedo
NG TPOGOPHOYNG Tov Kabe Tpotdmov [6]. ['a va yivel owtd,
XPNOYLOTOLEITOL TO KOWVOVPYLO OTATIOTIKO Ogiypa tov 17
Aew@opeinv BepdvTag OTL To OTOTEAECHOTA LE TN YP1ON
TOV J0QOp®V TPOTHTMV OVTIGTOLXOVV oTN Oe@pnTikn
SUYVOTNTA KOl Ol TTPOYUOATIKES TUYEG GTNV TOPATNPOVUEVN
ouyvotnTa. Av Kot yio kdmowo tpotomo. (5.2, 5.4 kou 5.5) o
€LeyY0G TPOKVMTEL OPLOKA ELVOIKOG, GLUTEPAIVETOL OTL V1o
eninedo onpavtikémrog 0.05 (95%) Kotd tov Eheyyo KOANG
TPOGUPUOYNG TOV TPOTHTAOV, TO0 5% TMOV OTOTEAECUAT®V,
OV TPOKVITOVY amd TO TPOTLTO, Bal AToPP1POOVV.

Katd cuvénsia, cOpeove. pe Tic Tipéc tov R? ko F, Tov
GLVTEAECTN R27rp oreyne KO TOV OTOTELEGLLATMOV TOL EAEYYOV
%2 mpoteivovtan yia ypHon To pabnuatiké mpotuma 5.1 Kot
5.2 (mivaxag 9). T v gpappoyn tovg givar aropaitro,
omg éyel avoeepbel kot mponyodueva, va gival YvooTtol o
GLVOMKOG YPOVOG TTaPAIOVIG EVOG AE@POPEIOL OTN OTAOT
Dt kot 0 yopaKTnploTikog yio tn onuatoddtnon Adyog G/C.

Katd v epappoyn tov padnpatikdv tpotdmmy 6to vEo
delypa, Tpoékuyay ot €N EMONUAVGELS:

e Kdanow oamotehéopata, mop’ OAO TOL TPOKLATOLV M
TOGOGTO, £(OVV APVNTIKY TIUN. X& VTV TNV TEPINTTOOT)
T0 amotélecpo Bo Tpénet vo Bewpeitat ico pe to 0%.

® Me Pdon NV TPONYOLUEVY] TAPATAPNOY], OV KOl GTO
GLYKEKPIUEVO delypor dev TPOEKLYE TETOLO MEPIMTOOT),
Kol amotedéopato UTopel va £(0VV TN LeYOADTEPT|
am6 1o 100%. Ze avtyv Vv epintmon 1o anotéAespio Ha
npénetl va. Osopeiton ico pe o 100%.

® YTApyEl OYETIKN AdLVANIO GTHV TPOGEYYION EKEVOV TMV
TOPATNPNOEDY TOV £YOVV TOAD WIKPT TN, EVD OEV GLU-
Baiver avtd, 6TV 0Ol TOPATNPNCES EXYOVV TOAD HEYAAN
T, Avtd @aivetal 18wiTEPO OTIC TEPUTTOGES TTOV
kamoto and to [Dt(G)/G] ko [Dt(R)/R] eivan ico pe to 0.

Téhog, Ba mpémet vor avapepBel OTL KATAPTIGTNKOY GUUTATN-
POUATIKA poBnpoticd TpdTuTa, GTO 0Tol0 GUUUETEYE KoL 1|
petapinm (Dt/Ym.évd.). O opog [Ym.€vd.] avapépetal oto
¥POVO OV OmOITEITOL Y10 VO TEAELDGEL 1) VO (Tpdovn 1
KOKKLVN) TOL onuatodotn, katd T dwbpkewn G omolog
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ivoxag 10: Epopuoyn pabnuatixdy mpotommy.
Table 10: Application example.

o/a "Evocién Dt Ynélouto Dt(G)/G Dt(G)/G Dt(R)/R Dt(R)/R Dt”
ONROTOOOT évosidng amé 5.1 TPOYLATIKO a6 5.2 TPpoypoTKo | omd 5.1 kon 5.2
n (dgvt.) (6gvt.) (%) (%) (%) (%) (6¢vt.)
1 G 12 17 19.639 21.818 2.27 0.0 11.6
2 R 30 17 14.511 23.636 61.733 48.571 29.6
3 R 27 22 13.133 9.091 56.603 62.857 27.0
4 G 24 7 28.71 12.727 22.79 48.571 23.8

Kamoto Aeweopeio oTapdrnos ot otéon yo vo eEumnpet-
oel emPares.

Evoewtikd avoapépovpe vo pobnuatikdé tpodtumo yuo to
obvoro tov Aeogopeiov: [DH(G)/G] = -38.939 + 17.284 -
- In(Dt) - 27.802 - O 3585 - mH-PL_F.16771-

C[ OYTévd. C
- (dummy), 6mov R% = 0.60 ko F = 378.32.
levikd to anoteléopoto TPOKOTTOUV GE OYECN LE TO
apotuma (5.1) kot (5.2) mg kot 29% kaAdtepo Aappavovtag
voyn Vv Tiun tov gréyyov F. Ilepiocotepo onpovtikn etvot
N Sweopd oTo podNUATIKE TPOTLTO TOV AVOPEPOVTAL OTO
Aem@opeio. TOL CTOUATNOOV OTN GTACT, OTOV 1 £VOEIEN TOV
ONUOTOSOTN NTAV OTOKAEIGTIKA TPAGIYN 1| KOKKIV).

Opwg yio v e@aproyn TETOWOV LaOLOTIKOV TPOTHTMV
oamouteitol 1 emmALOV dlepedvnon TG VRIAPENG YPOLUIKNG
GLOYETIONG LETOED TOV ATOTEAEGLATOG OV Oivel TO podnpo-
TIKO mpOTLTO, dNAAON NG &apTNUEVNG HETAPANTAG KaL TNG
aveldpmng petofintig (Dt/Ym.€vd.). Ztn cvykekpipévn
eQapUoyn €yve HOVO VTOAOYIGUOG TOL YPOLLULKOD GUVTEAE-
ot ovoyétiong peta&d g efopmuévng (D(G)/G 7
Dt(R)/R) ko tng aveldpmnng petapintg (Dt/Ym.évd.). H
peyaAvtepn Ty mov tpoékvye Ntav -0.457, mov delyvel v
vmopén acbevoig ypoppikng oxéong petald t@v dVo peta-
BAnTv.

H ypnowomoinon tov Adyov (Dt/Ym.€vd) g pia and Tig
aveldptnteg petafantéc Ba pmopovoe va mpaypatomowm el
pe TV e0peon TG TOAVOTIKNAG KATOVOUNG TNG CVYKEKPLUE-
VNG MOGOTNTOG. € OUTHV TNV TEPINTTOON HE KATAAANAOVG
dy®plopove, avaroyo pe Ty EvOgiEn Tov oNUOTOdOTN Kot
T0 péyebog g KuKAoQPOpiog, eival duvati 1 EPAPLOYT GTO
HOONUOTIKG TPOTUTO. TV OVOUEVOUEVOV TIL®V Yo, KaOe
mepintoon.

8. EPAPMOI'H ITPOTYIIQN

[poxkeiévov va yivel TEPIGGOTEPO KATAVONTH 1) TPOKTL-
K1 (PNOIUOTNTO TOV TPOTOT®V, TOPOVGIALETOL O TPOTOG LE
Baon tov omoio epopprolovtol To. TPOTEWOUEVE, LaONLLOTIKG
TPOTLTO. GE TEGGEPLS SUPOPETIKESG TEPUTTMCELG AEMPOPELMV.

To Aeweopeia avtd kataypdonkay ot otdon Innokpdrovg,
o€ mePi0d0 TOV 1] GLVOAKT KLKAOPOPIa NTAV QLENEVT.

Ot oyéoetlg mov epappodlovron efvar ot 5.1 kot 5.2, ot omoieg
&yovv mpokvYeL Pe PAcn TO GOVOAO TV Aew@opeimv. Oa
npénel vo avaeepdet, emiong, 0Tl 6 OAEC TIG MEPMTOOCELS O
AOyog (G/C) givar ioog pe 0.611 ko 1 mepiodog onpaToddTN-
ong C ion pe 90 devtepdrenta. Emmhiéov avapépetal o ypod-
VOG OV OTOUEVEL Y10 VAL TEAELMGEL 1) EVOEIEN TOV OTLOTOdO-
T, HEGO GTNV 0ol TO GLYKEKPLUEVO Aempopeio apiydnke
o otéon. To ypappa R onuaiver 6t n apiEn tov Aew@o-
peiov ot otdon mpayuatomomOnke, 6tav M €vdeln tov
ONUOTOdOTN NTaV KOKKIVY, Kot T Ypdppo G 6t 1 aeién tov
Aewpopeiov ot otdomn mpayuatomombnke, 6tav n £voeldn
TOV oNUATodOTN NTav Tpactvy (mivakag 10).

2uyKpivovtog Tig TYEG, TOL TPOKVITTOLY Y10 TOVG AOYOLS
Dt(G)/G xo1 Dt(R)/R amd t1g oyéoeig 5.1 kot 5.2, pe tig mpay-
HOTIKEG TopoTnpEital OTL aVTES SLaPEPOLY OPKETE O pio
povo mepintwon (o/a 4). Opwg, vroroyilovtag Kot 1o ¥povo
Dt’, mov mpokvntel ¢ o dBpotopa tov Dt(G) kot tov Dt(R),
To. omoiol [LE TN OEPE TOLG TPOKVITOVY LIE OVAY®YN OF Ogv-
TEPOLENTA TOV OMOTELECUATOV TV oyéoemv 5.1 kot 5.2,
mapatnpeitat 0Tt ovTds Saeépet Katd pio pKkpn Lovo Tocod-
TNTO OO TNV TPAYHOTIKY T Tov ypdvov Dt. Ot dupopég
HETaED TPAyHOTIKNG Kot VITOAOYEOUEVNS TG Elval GaPdS
HeyoAOTEPES OTOL EMUEPOVG TUNLOTO TOV GLYKEKPUUEVOL
afpoicpotog Kol 68 KATOlEG TEPMTOOELS &ival duVOTO va
ATEXOVV GTULAVTIKE omd TNV TPAYLOTIKOTNTO.

9. XYMIIEPAXMATA

Xty mopovoo gpyocio avamntoybnke o pebodoroyio
avdivong g Kivnong Tov Ae®eopeinv Kovid ce onuatodo-
TOVLEVOVG KOUBOVG KOl TPOCOLOIMONG TNG TOPALOVIS TOVG
0TI GTACN GE GYECT Le TNV EVOELEN TOV POTEVOL GNUATOSO-
™. Avartoydnikay pobnpatikd TpdTuma Yo TV TPOGOUOim-
O™ TG TOPOLOVIG EVOG AEMPOPEIOL BTN GTACT], 1| EPAPUOYN
TOV OOV £3(0E TOAD UKOVOTOUTIKA ATOTEAEGLLOTAL.

To oamoteAécpota mov mPOKHATOLV €givar SvvaTd Vo
dMGOLV [ EKOVOL Y10 TOV TPOTO, LLE TOV OTO10 T0 Ae®POpEi
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KWYOOVTOL KOVTO GE V0. GTUOTOd0TOVUEVO KOWPO, Kol TV
OAANAOETIOPAGT TOVG [ T VITOAOITY oyNpata. EmmAéov, Ta
amoTeAESHOTO QVTE PTopohV va ypnoiomomBody katd Tov
KkoBopopd TV BEATIOTOV TPOYPOUUATOV ONUATOSOTNONG
o€ £voL TPOYPOLLLO EVEPYNTIKNG TPOTEPALOTNTOS TV AEDPO-
pei@v. Me autdv Tov TpOTo 01 KIVIGELG TOV AE®@POPEIDY AoL-
Bavovtatl voyn pe avENUEvovg cuVTEAESTEG BapVTnTOG Kot
wapdAInia emtuyydveTol Lelmon Tov YPOVOL AVALOVIG TOV
AE®POPEI®V GTOVG CNLOTOSOTOVHEVOVS KOUPOVS aEI0TOLD-
VTG TNV KOKKLVY £VOELEN TOL POTEVOD GTHOTOSOTN Yo TNV
TOPALOVI] TOV Ae®@@OpEiV ot otdor. Eva tétoto mpodypap-
pa givar to BUS TRANSYT, to omoio amotelel puépog tov
vevikdtepov mpoypdappotog TRANSYT, to omoio Belticro-
motel Tovg YPOVoOLS Evapéng Kal T SLIPKE TOV TPACIVOV
evdeiEemv, dote va ehaytotoronfel 1o kd6oTOG TV KabvoTE-
pnoemv Kot otdoewv oto e&gtaldpevo dikrvo [1, 2, 7].

Emiong, n pebodoroyia avtm B pmopovoe va xpnoipo-
momOel yro tov Eleyyo g B€omng pog otdong Tov exnpeale-
Tt 0o PATEWVO onpatodotn. O Eleyyog awtdg Ba propodoe
va yivel Aapfavovtag voyn Tty tepiodo Tng oNUATodOT-
oMNG, TOV TPOMO L TOV OTOI0 YPNOLUOTOLELTAL O YDPOS YOP®
amo TN GTACN, KOl T1) GUVOAIKY KUKAOQOpPia.

O éheyyog tng Béong piag otdong Bo pmopovoe vo eme-
krofel ko oty €dpeon ¢ PéLTIoTNG GYéomNg avdipESH GTO
GUVOALKO YPpOVO TOPULOVIG EVOC AEDPOPEIOV TN GTAOT| Kot
10 AOyo G/C, doTe va eMTLYYXAVETOL 1] LEYAADTEPT] YPNOLULO-
moinorn g kokkwvng évdeitns. 'Etol oty mepintoon piog
oTdomng Tov Ppioketol akPBMG TPV OO TO CTLOTOSOTN Kot
yapaxtmpiletal omd peydin gytnon yw emiPifacn/amofipo-
on emPoTdv, Pe amoTELECUO QVENUEVO YPOVO TOPALOVIG
TOV Ae@@OpEiov Gt oTdon, N Leiwon Tov Adyov G/C Ba pmo-
povog vo. odnynoel ot Peltioon tng e&umnpétmong mov
TAPEYOLVV TOL AEOPOPELQL.

Me Bdon ta TponyoOLEVO 1) GUUUETOXT] TOV AEDPOPEI®V
og évo TPOYpappo onpatodotnong o wpémel va AopPavet
VIEOY” NG Kot TN B€om TV otdoemv mov ennpedloviol omd
TOVG OTOTOSOTES Kol Oyl LOVO TOVG GLUVTEAECTEG GTADLIONG
TOV AEOQOPEI®V LLE TO, DTOAOITO. OYLOTA, OTWOG CLUPAIVEL.

Téhog, emeldn 1 aAlnioemidpacn Aew@opeimv Kot vITo-
AoV OYMUATOV €lvol TEPIGCOTEPO EVTOVI GTOVG GTLLATO-

dotovpevoug KOpPBovg Kot taitepa 6TAV VAGPYOLY CTUCELS
o€ HIKPY| amdoTaoT, elvar eQiktd, PHEc® TG ovéAvomg TG
Kivnong tov Ae®Eopelnv Kot TOLG TOPAYOVTES TOL TNV ETN-
pedlovv, va eleyybei n emidpaomn ota Aewpopeia g Kiviong
KAmowG GAANG Katnyopiog oxnUiT®V, OTmMG Yo TUpAoEry Lo
TV To&l.

H ovykekpipévn pebodoroyia Oo propodoe va enektabdei
cvAAéyovtag ototyela amd mEPIOCATEPES GTAGELS, COUPOVA
HE TNV KOTNYOPlomoinon Tov TPOTEIVETAL, OOTE TAL VPN
TILOV VoL evor peyalvtepa Kot vo. AneBodv vroyn meptocd-
Tepeg dapopetTikég meputmoelg. Emiong, o pmopovoe va
enektabel cuALEYOVTOG EEYOPLOTA GTOLYXEID OVAAOYOL LE TO AV
1 Kukhoeopia givar avénpévn N dyl, ®OTE Vo KOTOPTIOTOOV
SPopeTIKA padnpaticd tpdtuma Yo kabe eminedo eEvmnpé-
monge.
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Extended summary

Simulation of Bus Movements at Stops
near Signalized Intersections

D. TSAMBOULAS
Assistant Professor N.T.U.A.

Abstract

A significant part of total travel time for Public Transport takes
place in the areas of traffic light intersections. The improvement in
bus movement in those areas might provide beneficial results for all
traffic in the city. Bus movements were analyzed at bus stops quali-
tatively and quantitatively, based on data collected at several bus
stops during peak and off-peak periods. A number of models were
developed for the calculation of the portion of the total time the bus
remained at a stop that coincided with the green or the red indi-
cation of the traffic light.

1. INTRODUCTION

The improvement and preferential treatment of Public
Transport constitute the kind of measures that might provide
the most beneficial results. Using management transport
systems techniques and avoiding construction of new facili-
ties, it is possible to alleviate part of the negative conse-
quences arising from the extended use of private car.

The aim of this paper is the analysis of bus movement
near traffic light intersections and the simulation of their
stops for picking up and discharging passengers in relation to
the indications of traffic light (green or red). For this purpose
models were developed and the corresponding advantages
from their applications were determined.

2. METHODOLOGY

At a bus stop affected by the traffic light located near it, a
bus arrives when the traffic light is either green or red (figure 1).

It is evident that a portion of the total time that the bus
remains at the stop coincides with part of the green and red
signal of the traffic light. These portions of time could be
related to the length of the green and red light signal.

Models were developed to simulate such relations. They

include the value G/C (green time period / total signaling
Submitted: July 27, 1999 Accepted: July 17, 2000

P. GIOKAS
Civil Engineer N.T.U.A.

period) and the total time the bus stops at the bus stop. In
certain circumstances other values are included. The models
are developed for the following categories: (a) for all buses,
(b) for buses arriving at the stop when the traffic light indi-
cation is green, (c) for buses arriving at the stop when the
traffic light indication is red. In order to achieve the above the
necessary data ware collected.

A coordinated fixed time traffic light system was
assumed. The models were implemented in order to deter-
mine the range of implementation as well to verify their use-
fulness and the validity of the results.

3. SAMPLING METHODOLOGY

Data were collected from bus stops located in central
arteries having traffic direction to and from the center of the
city of Athens; more specifically, in Kifissias Ave., Alexan-
dras Ave. and Messogion Ave.

Both quantitative and qualitative data were collected.
This accounts for the use of a video camera.

Stops were selected according to their distance to the traf-
fic light, and being near enough to be affected by this. Speci-
fically, the stops selected were located either before or after a
traffic light. Furthermore, since city blocks are small, a stop
in the middle of block was selected, with a minimum distance
of 100 meters from the traffic light. It was considered that
stops located at a distance greater than 100 meters are not
effected by the traffic light.

The number of different cases encountered were many
(10-12 cases), taking into account: the distance between the
previous traffic light and the one near the stop, the distance
between the stop and traffic light and whether the right turn
was prohibited or not. Therefore, it was necessary to deter-
mine the most representative cases. Thus, the following five
stops were selected for data collection:
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1. A stop located before the traffic light, while having the
previous traffic light at a close distance with right turn
prohibition (Hippocratous stop).

2. A stop located before the traffic light, while far from the
previous traffic light with right turn prohibition (5 Ho-
largos stop).

3. A stop located before the traffic light, with the next traf-
fic light at a relative distance from the stop, allowing right
turn (Zerva stop).

4. A stop located in the middle of the block, where the dri-
ver has visual contact with the traffic light (Sonia stop).

5. A stop located after the traffic light with the previous traf-
fic light relatively far (3™ Holargos stop).

Data were collected during all traffic conditions: reduced
traffic (which is called 1st stage of services provided),
increased traffic (which is called 39 stage of services provi-
ded) and a traffic condition between the previous two (which
is called 2nd stage of services provided).

The data were collected during the period from 6/7/1998
until to 17/6/1998, during the morning and afternoon hours,
for a total of 38 hours (table 1).

4. ANALYSIS OF DATA

4.1. Total time the bus remained at a stop

The number of buses recorded was 1115. Of these, 91%
made a stop in order to serve passengers. It was calculated
that the average total time spent at the stop was equal to 15.9
seconds. During peak hours it increased by 2 seconds and
during off-peak hours it decreased by 1.5 seconds (table 2).

The clearance time between successive buses (tc) was
estimated to fluctuate between 3 to 12 seconds. Its highest
value refers to fully loaded buses causing significant delays,
mostly during boarding.

It was found that 76.5% of buses stopped when the traffic
light was green, while the remaining 23.5% stopped when the
traffic light was red.

The average value of the total time buses remained at the
stop was 17.4 seconds, if they arrived when the traffic light
was red. This time was on the average shorter by 1.9 seconds
if they arrived when the traffic signal was green (table 3).

It may be concluded (table 4) that the percentage of the
buses that remained at the stop when the traffic light was
green or red was subject to the following factors:

(a) The location of the stop in relation to the intersection
(before, after, far).

(b) The distance at which the previous traffic light was
located (near, far).

(¢) The signaling period in combination with the duration of
green/red signal.

4.2. Distribution of bus arrivals at each stop

A theoretical distribution of arrivals of buses at a stop was
done for a period equal to the signaling period, in order to
control the way buses arrived at a stop in relation to the sig-
naling period.

It was found that buses arriving at the stops follow the
Poisson distribution, where arrivals at each stop occur ran-
domly, at a significance level of 0.01. This means that, at the
time the bus arrived at the stop, the remaining time left for the
traffic light signal to change could have any value.

4.3. Bus movements

The bus movements change according to the bus stop
location in relation to the traffic light. Stops located immedia-
tely before the traffic light presented a greater number of dif-
ferent situations compared to those located after the traffic
light and in the middle of the block.

For stops Zerva, Hippocratous, of Holargos located
before the traffic light: 62.4% of buses that stopped at any of
the above when the signal was green, managed to cross the
intersection with the same green signal. The remaining
37.6% did not manage to cross and had to wait for the new
green light indication. 62.1% of buses arriving at these stops
when the signal was red, had to wait for the new green light
indication. The remaining 37.9% used part of the new green
light indication in order to serve the passengers.

For 3™ Holargos stop, located immediately after the traf-
fic light, the most significant observation is that 22% of the
buses stopped when the traffic light indication was green and
had made a stop at the previous traffic light.

As for Sonia stop located in the middle of the block, the
main factor affecting the movement of buses at this stop was
the severe traffic volumes between the bus stop and the traf-
fic light.

Finally, it was concluded that overall 16% of all buses
that stopped at the stops had been obstructed by another vehi-
cle or had to make a maneuver before arriving at the stop.
The vehicles obstructing the buses were mainly taxis and
trucks, which stopped before the stop to serve passengers or
load/unload goods, respectively.

Sth

4.4. Increase of bus trip time due to bus stops

The increase of bus trip time is caused by the time spent
at a bus stop for boarding and alighting passengers. However
the actual time increase is not equal in all cases to the time
spend at bus stop. This is due to the time lost or gained due
to the traffic signal at the near-by traffic light.

It was concluded that the average time spent by a bus at a
bus stop when its arrival coincided with the green light indi-
cation was 20.6 seconds. On the other hand, the average time
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when its arrival coincided with the red light indication was
3.5 seconds.

4.5. Buses loading factor

The load factor of each bus was given in a descriptive
scale, depending on the number of passengers on the bus in
relation to the bus capacity at the time it arrived at the stop.
It was concluded that a great number of buses have increased
loading factors during peak hours (table 5).

5. SIMULATION MODELS

Simulation models were developed for two categories. In
the first, the total number of buses was included, regardless
whether arrival of the bus at the stop coincided with the green
or red signal.

In order to classify the buses, a dummy variable was used.
The variable received a 0 value when the traffic signal was
green at the bus arrival and a value of 1 when the traffic light
signal was red.

In the second category the buses were classified depen-
ding on the arrival at the bus stop coinciding with the green
or red signal. In this case the dummy variable did not partic-
ipate in the model.

The method used for the estimation of the model para-
meters was the least squares (Regression Analysis). All cal-
culations and controls were carried out using the software
program SPSS Release 8.0.

After the Regression Analysis, 6 models out of the total
developed models were selected. The models were developed
in pairs, one model for the time spent in relation to green
indication and the other for the time spent in relation to the
red indication. The first pair (5.1, 5.2 - table 6) refer to all
buses recorded, the second pair refer exclusively to the buses
arriving at the stop when the signal was green (5.3, 5.4 - table
7) and the third pair to the buses arriving at the stop when the
signal was red (5.5, 5.6 - table 8).

In order to choose one pair of the recommended models,
they were applied with additional data collected from a new
bus stop and from a stop already used. For such a choice cri-
teria related to the models’ performance, as well their prac-
tice power were used (table 10).

The above applications suggested the use of the models
presented in formulae 5.1 and 5.2 with independent variables
Dt (time remaining at bus stop) and G/C (ratio of green to
total signal) or R/C (ratio of red to total signal). The depen-
dent variable Dt(G)/G or Dt(R)/R provides for the percentage
of total green or red time, respectively, that a bus remains at
a bus stop (table 9).

6. CONCLUSIONS

In the above analysis a methodology was developed to
analyse the movement of buses near traffic light intersections
and the simulation of bus stops in relation to the traffic light
signal.

The results provide a picture of the way in which the
buses behave near a traffic light intersection and how they
influence and are influenced by other vehicles. Moreover,
these results can be used to determine a better signaling pro-
gram for activated program bus preference (BUS TRAN-
SYT).

In addition, this methodology could be used to suggest the
location of a bus stop affected by traffic light signal. This
could be done considering the signaling period, the way the
area around the stop is used and the traffic in general.

The assessment of the bus stop location could also be
extended towards finding an improvement in the relation
between the total time a bus remains in a stop and the G/C
ratio, in order to achieve greater use of the red signal during
bus stops.

Selecting data from more stops, according to the
suggested classification, could expand the methodology
developed, so that the ranges of parameters values are larger,
taking into consideration more different cases. It could also
be expanded selecting additional data according to traffic
volume increases in order to elaborate different models for
each level of service.
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