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Executive Summary

In the years to come, public transport will be called to play a significant role towards
achieving the sustainable transport system objective that has been set for the future, in Europe
and beyond. To this end, the quality, accessibility and reliability of its operations should be
improved. In this context, the favourable treatment of public transport meanswithin the road
network may have, among others, a significant contribution.This favourable treatment can be
derived as a result of an appropriate design of the road network facilities and/or the employed
signal control at the network junctions.

It is the aim of this project to develop a methodology and related software, which will provide
public transport priority through the appropriate adjustment of signal control in case of single
as well as multiple priority requests. To this end, within the 1* Work Package, a detailed
review of the international literature in relation to the state-of-the-art and practice of public
transport priority strategies and methodologies has taken place to identify the trends related to
the scope of the project. This deliverable describes the outcomes of this review.

The review focuses on:

e State-of-the art methods and strategies proposed for granting priority to PT vehicles
with emphasis to those applied to PT vehicles moving on mixed-traffic lanes;

e Methods, strategies and systems, which are operational at different road networks
around the world (state-of-practice).

Issues such as the architecture of the corresponding Urban Traffic Control systems, and the
detection and communication devices, although relevant, are not addressed in this review,
which focuses on the control logic behind the hardware.

The review has been based on the literature accessed via electronic or compatible libraries
and research and technical journals. Information has also been gathered through the internet,
and in particular through the web pages of large institutes and organisations, as well as
through the web pages of companies involved in the development of public transport priority
systems.

The deliverable is structured in 11 sections. The first section provides an introduction to the
aims and objectives of the project as well as the scope and the structure of the deliverable.

Section 2 describes the road transport system and its users, and discusses its problems and
challenges. It also highlights the significant role public transport will have to play in the years
to come, given the ever increasing request for sustainable transport.

Section 3 discusses generally the ways to control the road transport network with an emphasis
on signal-control systems, and introduces some basic control-related notions, so as to enable
the reader to follow the concepts, which are developed in the following sections.




#*

ENIXEIPHZIAKO NPOTPAMMA |
= EKMAIAEYZH KAI AIA BIOY MAGHEH =% EZ "A
** . on o o ‘ A - En Mlm“
YNOYPIEIO NAIAEIAE & BPHIKEYMATAON. MOAITIEMOY & ABAHTIEMOY IMATKO KOINONIKO TAME
Evpwmaikr Evwon EIAIKH YNHPEZIA AIAXEIPIZHE

Evpwmaikd Kowwvikd Tapeio
W Me tn ouyyxpnuarosortnon tng EAAadag kat tng Evpwmnaikng Evwong

Section 4 reviews the ways to provide priority to public transport means and provides an
introduction and a categorisation of the available public transport favourable measures. As
mentioned earlier, such measures may be based on the appropriate design of available
facilities and/or the adjustment of signal control.

Facility-design-based measures are employed in case of public transport vehicles moving in
mixed-traffic lanes, such as buses and trams. Such measures include different adjustments of
the road lanes, so as to include exclusive bus lanes, high occupancy vehicle lanes and
reversible bus lanes;or, in cases where road capacity needs to be preserved as much as
possible, intermittent bus lanes, dynamic fairways and bus lanes with intermittent priority.
Other facility-design-based measures, that may also be employed to provide the desired
priority without affecting the signal control of the network junctions, include bus-only roads
and busways, bus gates and rising bollards, as well as bus advance areas. Such measures are
discussed in Section 5.

As far as signal control is concerned, several adjustments of the traffic lights may be adopted
to provide public transport vehicles a favourable treatment at the network junctions. This
favourable treatment, which is called priority, may be provided at different levels, depending
mainly on the type of the public transport vehicle.

Depending on the specific requirements that the provision of priority aims at addressing,
several different signal-control based public transport priority strategies have been developed
and applied worldwide. A first classification distinguishes them as fixed-time versusreal-time.
Fixed-time strategies are in fact fixed-time signal plans, especially developed to favour the
movements of public transport vehicles, while real-time strategies respond to priority requests
received in real time. The real-time strategies may be further classified according to several
criteria. The first criterion distinguishes real-time strategies in proactive versusreactive,
depending on whether the priority request is received well in advance, so as to prepare the
signal control to accommodate smoothly the receipt request, or not. The second criterion
distinguishes the strategies in rule-based and optimisation-based, depending on whether their
control decisions are based on a set of identified conditionsor on the optimisation of an
appropriately defined performance index.

The conditionsof the rule-based public transport priority strategies mainly concern schedule
or headway adherence, as well as the overall traffic conditions, while priority is usually
granted via green extension and stage recall. On the other hand, total delay seems to be the
main concern of the optimisation-based strategies.

Section 6 reviews in detail public transport priority measures, which are based, as described
above, on the adjustment of signal control at the network junctions, and constitute the prime
focus of the deliverable. The levels of priority, the classification of public transport priority
strategies, theconditionsand the methods for granting priority, as well as the transition /
recovery methods are also discussed in this section; while Section 7 reviews and discusses
existing signal-control strategies, which provide priority to public transport means.
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According to the findings of the reviews reported in Sections 6 and 7, the relevant scientific
literature offers a few examples of fixed-time priority strategies, and numerous examples of
real-time priority strategies, mainly of a rule-based nature. The same tendency is observed in
the practical applications of public transport priority systems where the real-time, rule-based
strategies constitute the vast majority of adopted strategies, as the state-of-practice review
reported in Section 8 indicates.

It seems that despite their inability to adequately address issues such as the service of multiple
requests and the provision of priority under coordinated signal control, the direct and
occasionally aggressive priority, which is provided by the rule-based strategies, still remains
the prime subject of research and development within an international community that calls
for solutions, which will evidently improve the public transport operations and promote their
use. Such findings of the preceding review are discussed in Section 9, in an effort toidentify
the current trends and future perspectives in public transport priority systems.

Section 10, finally, summarises the main conclusions and findings of the deliverable.

The deliverable includes also an extensive reference list, as well as an English-Greek
dictionary and a Greek glossary of terms for the Greek readers.
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GreekSummary

210 emopeva xpovia, ol dNUOcleEG cvykowvwvieg Bo KAnBodv va SladpopaTicouy oNUOVTIKO
poro otV emitevén oV 0TOYXOV TToL EYEl Tebel, 1660 oV Evpdnn 660 kol g ToyKOGUI0
eminedo, yw éva Pidoipo cvotnua peTaeopmv. o 1o okomd avtd, TOGO 1 TOWOTNTA Kot
npocPaciudTnTd TovE, 660 Kol M aflomotiatovg Bo mpémel vo Peltioboldv. e avtd TO
TAOIC10, 1 EVVOIKT PETOXEIPIOT TOV HEC®V POLIKNG UETAPOPEG 0TO 001K dikTLO UTopEl va
éxet, peTa&d GAA@V, por onuavtikny copfoin. Mo TéTolo €UVOIKY petayeipton Umopel va
TPOKVYEL OC OTOTELECUO TOV KOTAAANAOV GYESIOGUOD TMV VITOSOUMY TOL 001KOD O1KTHOV
0G0 Kol HEGH TOPOYNG TPOTEPULOTNTAG OE OVTE, EVAVTL TOV AAA®V OXNUAT®V, GTOVG KOUPOVS
TOV SIKTLOV.

2T0Y0C TOL GLYKEKPIHEVOL EPELVNTIKOV £pyov givor va avamtoéetl o pebodoroyia Kot to
aVTIGTOLO AOYIGUIKO, Y10 TOV EAEYYO TNG POTEIVIC ONUATOSOTNONG KOUPBOY 00IK®DV SIKTO®V,
£T01 DOTE VO TOPEXETAL TPOTEPAOTNTO O HECH HOLIKNG UETAPOPAG TOCO GE MEPUTTMCELG
Omov Ta, péEso LalIkng HETOQOpPAg Tpooeyyilovv Tovg KOUPOVG LE Hikp ouyvotnTa, 0G0 Kot
0€ TEPUITMOGELS OOV OTOV 1010 KOUPO JGTOVPOVOVTAL TOAAES YPAUUES (TT.Y. AE®POPEI®V)
and dapopetikéc katevbvvoelg. T v enitevén tov 6TOYXOL ATV, oTo TANict Tov 1%
[Mokétov Epyacioag Tov épyov, mpaypotomodnke pio. EKTEVHC avacokonnon g 01ebvoic
Bproypapiog e oyéomn Ue OTPATNYIKEG TAPOYNG TPOTEPAULOTNTOG TTOV €ite EYovV avomTuydei
o€ BeopnTIKd eMinedo, gite ¥PNOYLOTOLOVVTUL TNV TPAEN. ZKOTOC VTS TNG PLPAOYPOEIKIG
€PELVOG MNTAV VO EVIOTIGEL TIG TAGEIS MOV EMIKPATOVV GTO GUYKEKPIUEVO Tedio. Avtd TO
TOPOd0TED TEPLYPAPEL TAL OMOTEAEGUATO TG PPAOYPAPIKTG AVOTKOTTNGTC.

H avaockoénnon enkevipmveton oto e&ng 0partor

e  MéBodol Kol oTPATNYIKES OV £Y0LV TPOTAOEL Yol TNV TOPOYN TPOTEPALOTNTUS OF
péca Halikng HETaQopas e ERPOACT] OE OVTEG TOL APOPOVY UETOPOPIKA HEGO TOV
KIvoUVTol GEAMPIOEG HEIKTNG KuKAOPOpiag.

e MéB0d0o1, OTPUTNYIKEG KOL GUGTHUOTO, TO ONOI0. AETOLPYOVV GE SLAPOPC OJIKA
dikTva 6€ OAO TOV KOGLLO.

OEuato OTMG 1) OPYLTEKTOVIKT] TOV AVTIGTOL(®OV GLUGTIUATOV EAEYYOV, KOOMG KOl 01 GUCKEVEG
aviyveuong Kol ETKOVOVING, v Kot GYeTIKd, oev e£eTalovtal GTny Tapovca avacKonnon, 1
omoio emkevTp®veTOL 6€ PHEB0dOAOYIKA BEpaTa.

H oavaokommon zmpoyuotomombnke péc® MAEKTPOVIKOV 1 cuppotikdv PifAlodnkdv kot
EPELVNTIKAV KOl TEYVIKAOV TEPLOKAOV. Xpnowomomnkay eniong mAnpoeopieg amd TO
O1efvEG 01001KTLO, Kot €10IKOTEPD, OO 1OTOCEAIDEG UEYAA®V 1OPVUATOV KOl OPYOVIGU®DV,
KoODC Kol 0md 10TOCEAIDEG ETUPEUDV TOL GCUUUETEXOVV GTNV OVATTVEN CLGTNUATOV
TPOTEPALOTNTOG Y10 LECA LLOLIKNG LETUPOPALG.

10
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To mapadotéo SapBpdvetar oe 11 kepdiaio. To mTPOTO KEPAANO TOPEYEL PO EICAYOYT|
GTOVG GKOTTOVG KOl GTOYXOLE TOV EPELYNTIKOD £PYoV, KAOMDE Kol 6T0 TEdIO EQUPUOYNC KOt TN
SoUT| TOV GVYKEKPLUEVOL TOPASOTEOV.

To 2° Ke@dAawo Teptypdpel 10 6VOTNUA TOV 0IKOV HETAPOPOV KL TOV YPNOTAOV TOV, EVD
oyoMalel ta TPOPANUATO Kol TIG TPOKANGELS TOL OVIUETOMILOUV Ol OOIKEG ULETAPOPEGS.
Yroypoupilet, emiong, 10 onUovtikd poAo mov to péca PalIkng HeTapopag 8o kKAnbovv va
SLOPAUOTICOVV TO, ETOUEVO YPOVIL, OESOUEVOD TOV OAOEVO, KOl OEAVOUEVOVOLTILOTOC Yo
Blooeg petapopés.

To 3° Ke@aloio TeptypaQet YEVIKA TOVG TPOTOVG EAEYYOV TOL SIKTOOV 0OIKADV LETAPOPDV, LIE
EUQOOT OTO CUCTHUOTO EAEYYOL @MTEWNG omnuatoddotnone. Ilapabéteieniong kdmotovg
Baotkovg opiopovg mov oyetiCovTal e Tov EAEYY0, £TGL MOTE VO, SMGEL GTOV OVAYVAGCTN TN
duvaToHTNTA VO TOPOKOAOVONGEL TIG £VVOLES TOV OVOTTOGGOVTOL GTO, ETOUEVO KEPAALOL.

To 4° KepdAawo mapabLtel pia enoKOTNon TV TPOT®mV TaPOXNG TPOTEPUIOTNTAS GE HECH
poCIKnG HETAQOPAS, KOl TOUPEYEL L0 EICAYMOYN KOl L0 KOTNYOPLOTOiNon oTa UETPO OV
uopoy vo Anehodv pe otdyo TV gVVOikN Tovg petayeipion. Onwg avapépinke Tapamive,
To. p€tpa ovtd pmopel vo Pacilovtor gite oTov KATOAANAO GYESIOGHO TOV VTOSOUMYV TOV
001KOU JIKTOOV €lTE OTNV TOPOYN TPOTEPUIOTNTOS EVOVTL TOV GAA®Y OYNUATOV GTOLG
KOUPOVG TOL SIKTLOV.

To pétpa mov Pacilovior 6T0 GYESOGHO TOV VTOSOUDV TOL 0SKOD SIKTOOV, 0POPOVY
OVLCLOOTIKA 08 PECH POLIKNG LETAPOPAS TTOV KIVOUVTAL GE AMPIOEGUEIKTNC KUKAOPOPIAG, OTTMG
Ta Aeweopeia kKot ta Tpopl. Ta pétpa avtd mepthappdvoovy diapopetikég dappubuioelg tov
001K00 O1KTVOV, MGTE VO GUUTEPIANPHOVYV AmPIdeC AmOKAEIGTIKNG KVKAOPOPIaG Ae®popeimv,
Aopidec OYNUATOV LYNANG TANPOTNTOG KOLOVOCTPEYIUEG Ampideg Aeweopeiwv, 7 oty
nepintwon Katd tnv omoio givar emBLUNTO v UMV EINPENCTEL EvTova N YOPNTIKOTNTO TOV
001KOD  JIKTOOL, OlOKOTTOUEVEG Ampideg Aem@opeiv, SUVOKEG 0000C, Kol Aw@Pideg
Aeo@opeiov pe dokomtduevn TpoTePoOTNTA. AAAN LETPA GYEOIAGIOD TOL UTOPOVV EMIONG
va  ypnowomombovv  yio. TNV €UVoikN  peETaxEiplon TV HECHOV  0OIKNG  UETAPOPAG
TePAMAUPAVOULY AE@POPEIOSPOUOVG, TOAES Ae®@POpPEi®V Kot avepOUEVES KOAOVEG, KaBMS Kot
nmePLoyég Tpombnong Aewopeiwv. Ta pétpa avtd mapovoidlovial oto Kepdiato 5.

Ocov apopd otov EAEYY0 POTEWVNG ONUATOSOTNONG, OPKETOL Eival OL TPOTOL [LE TOVG OTOI0VG
umopel vo pubpiotel £t Mote Vo, TapEyEL EVVOIKT HeTayEipLon, dNAadT TpoTEPALOTNTA, GTO
péco pollkng LETOPOPAS, oc emimedo mov PETOPAAAOVTAL OVAAOYO LLE TOV TOTO TOL HEGOV
nalikng LETOPOpPEG 6To omoio amevbivoviat.

Me Bdon 115 W10itepeg amMALTAGES TOV £VOL GOCTNUO EAEYXOV LE TOPOYY| TPOTEPULOTNTUG OE
péca palikng petapopdc o mpémel vo IKOVOTOlEl, O1APOPEC OTPOUTNYIKEG EAEYYOV EYOULV
avantuyfel Ko epapuootel oe 6A0 Tov KOcUo. Mo mpmdtn Tadvounon Tic dlakpivel oe
OTPOTNYIKEG GTOOEPOD KAl TPAYLOTIKOD ¥pdvov. Ot TPMTEG APOPOLY OVCLUCTIKA GE oTOdEPd
TAGVO, GYEOIOGUEVA VO, EDVOOVV TIG KIVGELG TOV HECOV LOLIKNG LETAPOPAS, EVD 01 dEVTEPES
avVTOmOKPIivOVIOL GE OVAYKES TOPOYNG TPOTEPOULOTNTAS OV AVLXVEDOVIOL GE TPOYULOTIKO
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xpévo. Ot otpatnyikég mpaypatikod ypdvovdiokpivovtal mepartépo He Pacel ddpopa
kprtpile. To TP@TO KPITHPLO SOKPIVEL TIG GTPUTNYIKEC GE TPOPAETTIKEG KOl EXEVEPYOVUEVEG,
avaAoyo pe 10 av AOUPAVOLV TO aiTNHO TPOTEPOLOTNTOS OPKETH TPOTOV TO UEGO WOLIKNG
LETOPOPAS TPOCEYYIoEL TOV KOUPO MOTE VO TPOETOLAGOLY TN POTELVY] CNUATOdOTNON N
oyL.To 0e0TEPO KPITNPLO SlOKPIVEL TIG OTPATNYIKEG GE OTPATNYIKEG PacI{OUEVEG GE KOVOVES
KOl OTpOTNYIKES PeATiotonoinomng, ovOAOyo HE TO OV Ol OTOPACELS Yol TOPOYN|
npotepatdTNTOG Pacilovial o€ £va ohvoro Kpitnpiov | 6N PeATIoTONOINGT EVOC KOUTAAANAL
oplopévou deiktn amnddoong.

Ta KprTpla OV YPNGYOTOLOVVTOL OO TIG GTPATNYIKEG oV Pacilovtal 6 KOVOVES apopovV
KLPlOG TNV TAPNGCT TOL YPOVOSLAYPAUUATOG TOV HEGOV UACIKNG LETAPOPAS, TV THPNON NG
oVYVOTNTOG TV dpopoAoYimy, To BaBUd GuUEOPNONG TOV JIKTVOV K.AT., EVE TPOTEPULOTNTA
xopnyeitar cuvnBmg PEGH TOPATACNSTOV TPOGIVOL Kot avAKANGoNG otadiov. ATO TV GAAN
TAELPE, 1 GUVOMKT KABVOTEPNON OAWMV TV OYNUATOV 6TO 001KO JiKTLO aiveTal va givol To
KOPLO UEATLOL TV GTPOTNYIK®DV BEATIOTOTOINGTG.

To Kepdhaio 6 mapovctdlel eKTeVRS To. Topamdve BEUATO, T Omoio AmTOTEAODV KOl TO
EMIKEVTPO TOL CLYKEKPIUEVOL TTapadotéov. Ta enineda mpotepatdTnTag, N TaIVounon Tomv
OTPATNYIKOV EAEYYOL, TO KPTNPLo Kot 0l HEB0SOL TaPOYNG TPOTEPAOTNTAG, KOOMG Kol Ot
uéBodol oV YPNOIUOTOLOVVTUL £TCL DOTE 0 EAEYYOG TV KOUPOV va EMOTPEYEL 6T GLVION
Aertovpyice TOL  petd amd TNV €fumnpéTnorn  KATMOWL  CTHHOTOS  TPOTEPOLOTITOS
napovctdlovial emiong oto Kepdiowo avtd, evd 10 Kepdiaio 7 oyoMdlel, KataTaooEL
avaAoyo UE TO 1O1TEPO YUPUKTNPLIOTIKA TOVG Kol TOPOVGIALEL TIG OTPATNYIKEG EAEYXOV WE
TOPOYN TPOTEPOULOTNTAG O PEGA HOLIKNG LETAPOPES TOV EXOVV TPOTUDEL.

SOHQ@VO e TO OmOTEAECHATO TNG ovoaokomnone tov Kepoloiovoe kot 7, m oyeTikn
emonuovikn Piproypapio TpocpEpel Ayo TapadeiylaTo oTpATYIKGY 6TafEpOV YPOVOL Kot
TOALG TTOPUSEIYUOATA GTPOUTNYIKAOV TPAYUATIKOD ¥pdvou Kupimg Pacilopevov og kavovee. H
0l Thom mopoTNPEiTOL KOU OTIG TPOKTIKEG EQPAPUOYEG, OTIG OTMOIES, COUP®VO HE T
OMOTEAEGATO TNG OVOOoKOTNonNG mov mapovotdletal oto Kepalaio 8, or otpatnyikég
TPUYUOTIKOV ¥PpOVoL TTov Pacilovtal 6€ KOVOVES OTOTEAODY TN GUVTPITTIKY TAEOYNGia.

@aivetor O6TL TOPE TNV AOVVOUIC TOVG VO OVTILETORICOLV EMOPKMOG (NTAHATO, OTMOC 1
TauTOYpovn  eUMNPETNOT  MOAAOTA®V  OUTNUATOV  TPOTEPOLOTNTOS KOL 1) TOPOYN
TPOTEPALOTNTOS OE GUVONKEG GUVIOVIGUEVOL €AEYYOL OTO 001KO OIKTLO, Ol OTPATNYIKES
TPAYUOTIKOV ¥pOvov oL PBacilovial oe KOVOVEC, LLE TOV GUEGO KOl GE TOAAEG TEPUTTOGCELS
EMOETIKO YOPAKTPA TPOTEPALOTNTAG TOV TAPEXOLY, ££AKOAOVOOVV Va TOpAUEVOLY TO KOPLO
OVTIKEILEVO TNG €PELVOC Kol OvVATTLENG Uag deBvovg kowvotntag mov avalntel Aboelg, ot
omoieg e gueovn Tpomo Ba PeAtTidcovV TN AglTovpyio TV PHEcOV HOLIKNG HETOPOPAS Kot Oa
npowbncovv tn ypnon tovg. Tétowov gidovg {ntruata oxolaloviot oto Kepdiaio 9, o pia
TPOOTAOED, EVIOMIGUOD TV GUYYPOVOV TACEMV KOl TOV HEAAOVIIKOV TPOOMTIKOV OTO
GUGTNLOTO TALPOYNG TPOTEPOLATITOC.

To Kepdhato 10, cuvoyilel ta kHplo GOUTEPUCUOATA KO EDPAILOTO TOV TUPUSOTEOD.
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1. Introduction and project overview

1.1. Project aims and objectives

Most urban road networks face serious traffic congestion problems, due to high demand, but
also due to the lack of parking spaces and the low attractiveness of public transport (PT). One
possibility to improve the situation is offered by increasing the use of PT, provided that its
planning will also take into account factors that make its use more attractive. One such factor
is the travel time, which, in the case of PT vehicles that move in mixed-traffic lanes, such as
buses and trams, is usually considerably increased due to the overall traffic congestion.

The goal of the proposed project is:

e To develop a methodology and a corresponding software that provides public
transport priority (PTP) in real time for PT vehicles approaching a junction with
relatively low frequency; and

e To investigate the case of multiple PTP requests, i.e. when several, possibly high-
frequency lines from different directions intersect at the same junction.

In both cases, the PTP impact to the rest of the traffic should be taken into account.The
corresponding developments and investigations will address the case of PT vehicles moving
in mixed-traffic lanes.

In addition to the above, the effectiveness of PTP methodologies forPT and their implications
for the rest of the traffic will be investigated in detail through microscopic simulation for a
real network using real traffic data.

To achieve the stated goals and objectives, a detailed review of the international literature in
relation to the state-of-the-art and practice of PTP strategies and methodologies hastaken
place within the 1% Work Package (WP) to identify the trends related to the scope of the
project. This deliverable describes, as explained in the next section, the findingsof this review.

1.2.Scope of the deliverable

It is the aim and scope of this deliverable to review existing PTP strategies and
methodologies, as well as PTP applications, and thus, to identify trends and challenges related
to the scope of the project.To this end, the review focuses on:

e State-of-the art methods and strategies proposed for granting priority to PT vehicles
with emphasis to those applied to PT vehicles moving on mixed-traffic lanes;

e Methods, strategies and systems, which are operational at different road networks
around the world (state-of-practice).
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Issues such as the architecture of the corresponding Urban Traffic Control (UTC) systems,
and the detection and communication devices, although relevant, are not addressed in this
review, which focuses on the control logic behind the hardware.

The review has been based on literaturesources accessed via electronic or compatible libraries
and research and technical journals. Information has also been gathered through the internet,
and in particular through the web pages of large institutes and organisations, as well as
through the web pages of companies involved in the development of PTP systems.

1.3.Structure of the deliverable
The deliverable is structured in 9 more sections.

e Section 2 describes the road transport system and its users, and discusses its problems
and challenges. It also highlights the significant role PT will have to play in the years
to come, given the ever increasing request for sustainable transport.

e Section 3 discusses generally the ways to control the road transport network with an
emphasis on signal-control systems, and introduces some basic control-related
notions.

e Section 4 reviews the ways to provide priority to Public Transport Means (PTMs),
and provides an introduction and a categorisation of the available PTP measures.

e Section 5 reviews shortly PTP measures, which are based on the appropriate design
of the road network facilities.

e Section 6 reviews in detail PTP measures, which are based on the adjustment of
signal control at the network junctions; these measures constitute the prime focus of
the deliverable. The levels of priority, the classification of PTP strategies, the
conditionsand methods for granting priority, as well as the transition / recovery
methods are also discussed in this section.

e Section 7 reviews and discusses existing signal-control strategies, which provide
priority to PTMs.

e Section 8 reviews real-life PTP applications in Europe and internationally.

e Section 9 discusses the findings of the preceding review, and identifies current trends
and future perspectives in PTP systems.

e Section 10, finally, summarises the main conclusions and findings of this deliverable.

The deliverable includes also an extensive reference list, as well as an English-Greek
dictionary, and a Greek glossary of terms for the Greek readers.
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2. Users, problems and challenges of the road transport system

The road transport system, which is used for the transportation of people and goods, consists
of:

o the road network, as well as any existing bicycle and pedestrian paths or spaces;

e the pedestrians;

e the transport means, which include private vehiclesand PT vehicles, such as buses
and trams, as well as trucks, bikes, bicycles, etc.; and

e the terminals, which include bus stations, parking spaces, etc.

The continuous increase of the urban population and ofthe mobility of people and goods, as
well as of the use of the private vehicle, in combination with the fact that the roadtransport
system had not been designed considering such an incredible increase, have resulted in
significant traffic and environmental problems.Cities, especially, suffer most from congestion,
poor air quality and noise exposure. Urban transport is responsible for about a quarter of CO,
emissions from transport, while 69% of road accidents occur in cities (EC, 2011a, 2011Db).

To confront the significant challenges and set the roadmap towards a sustainable transport
system by 2050, the European Union (EU) has released a White Paper on Transportation (EC,
2011c). According to this White Paper, the general objective of achieving a sustainable
transport system by 2050 can betranslated into three more specific goals (EC, 2011b):

1. A reduction of Greenhouse Gas (GHG) emissions, consistent with the long-
termrequirements for limiting climate change to 2 °C and the overall target to reduce
transport-related emissions of CO, by around 60% by 2050 compared to 1990.

2. A drastic decrease in the oil dependency ratio of transport-related activities by2050.

3. Limitation ofcongestion growth.

The aforementioned specific policy objectives can be broadly summarised as the prescription
to “use less energy, use cleaner energy and better exploit infrastructure” (EC, 2011b). The
first two objectives overlap to a large extent; they also have significant synergies with the
third objective, whichwould typically call for a more extensive use of non-motorised transport
means and of PT that reduces both the use of space and the use of energy (EC, 2011b).

“The necessary transition from a primarily car based personal mobility in cities to a
mobility based on walking and cycling, high quality PT and less-used and cleaner
passenger vehicles is the central strategic challenge for cities in the decades to come.
These transformations are not only about transport, but are basically a transition to a
new way of life in an urban environment” (EC, 2011a).

Similar goals were set in other parts of the world too. To allow PT to play its significant role
towards the sustainable transport goal, the quality, accessibility and reliability of its
operations should be improved. Attractive frequencies, comfort, easy access and reliability of
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service are the main characteristics,which will ultimately define the extent to which PT will
manage to respond to its role. In this context, the favourable treatment of PTMs within the
road network may have, among others, a significant contribution. This favourable treatment
can be providedas a result of an appropriate design of the road network facilities and/or the
employed signal control at the network junctions.
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3. The control of the road network

3.1. Basic notions

Ajunction consists of a number of approaches and the crossing area. An approach may have
one or more lanes but has a unique, independent queue. Approaches are used by
corresponding traffic streams. A saturation flow (veh/h) is the average flow crossing the stop
line of an approach when the corresponding stream has right of way (r.o.w.), the upstream
demand (or the waiting queue) is sufficiently large, and the downstream links are not blocked
by queues. Two compatible streams can safely cross the junction simultaneously, else they are
called antagonistic.

A traffic signal cycle is one repetition of the basic series of signal combinations at a junction;
its duration is called cycle time (see Figure 1c). A stage (see Figure lc,d) is a part of the
traffic signal cycle during which a particular set of phases receives green, where phaseis the
set of traffic movements (that may include pedestrians, cycles or general traffic streams),
which are controlled by a single signal aspect (see Figure lab). Constant lost or
intergreentimes of a few seconds are necessary between stages to avoid interference between
antagonistic streams of consecutive stages (see Figure 1d).

There are four possibilities for influencing traffic conditions via traffic lights operation
(Papageorgiou et al, 2003).

o  Stage specification: For complex junctions involving a large number of streams, the
specification of the optimal number and constitution of stages is a nontrivial task that
can have a major impact on junction capacity and efficiency.

e Split: This is the relative green duration of each stage (as a portion of the cycle time)
that should be optimised according to the demand of the involved streams.

e Cycle time: Longer cycle times typically increase the junction capacity because the
proportion of the constant lost times becomes accordingly smaller; on the other hand,
longer cycle times may increase vehicle delays in undersaturatedjunctions due to
longer waiting times during red.

e Offset: This is the stage difference between cycles for successive junctions that may
give rise to a “green wave” along an arterial; clearly, the specification of offset should
ideally take into account the possible existence of vehicle queues.

The effective and efficient operation of traffic lights is based upon the appropriate choice of
the parameters and constraints of the employed control strategies, which aim to influence the
traffic conditions in one or more of the aforementioned ways.
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Figure 1. Example of traffic signal cycle: (a) junction and traffic signal aspects; (b)
phases; (¢) diagram of stage sequence; (d) cycle time allocation to stages; (e) cycle time
allocation to phases.
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3.2. Control strategies

The crossing of the vehicles and pedestrians at signal controlled junctions is determined by

the control strategy, which is selected. Traffic lights were originally installed in order to
guarantee the safe crossing of antagonistic streams of vehicles and pedestrians. However,
once traffic lights exist, they may lead (under equally safe traffic conditions) to more or less

efficient network operations, hence there must exist an optimal control strategy leading to
minimisation of the total time spent by all vehicles in the network (Papageorgiou et al, 2003).

Although the corresponding optimal control problem may be readily formulated for any road
network, its real-time solution and realisation in a control loop like the one of Figure 2 faces a
number of apparently insurmountable difficulties (Papageorgiou et al, 2003):

e The red-green switching of traffic lights call for the introduction of discrete variables,
which renders the optimisation problem combinatorial.

o The size of the problem for a whole network is very large.

e Many unpredictable and hardly measurable disturbances (incidents, illegal parking,

pedestrian crossings, junction blocking, etc.) may perturb the traffic flow.

e Measurements of traffic conditions are mostly local (via inductive loop detectors) and
highly noisy due to various effects.

e There are tight real-time constraints, e.g., decision making within 1 s for advanced

control systems.

control
inputs

disturbances
demand incidents

Control Traffic network

— total time spent

devices Sensors

measurements

REAL WORLD

COMPUTER

Control devices Surveillance

souls | ]

Interface

Human-Machine ln'

Figure 2. Control loop(adopted by Papageorgiou et al, 2003).

The combination of these difficulties renders the solution of a detailed optimal control

problem not practicable for more than one junction. Therefore, proposed strategies for road
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traffic control introduce a number of simplifications of different kinds or address only a part
of the related control problems. Unfortunately, most proposed simplifications render the
corresponding control strategies less suitable to address traffic saturation phenomena.

Control strategies employed for road traffic control may be classified (see Figure 3) according
to the following characteristics (Papageorgiou et al, 2003):

e Fixed-time strategiesfor a given time of day (e.g., morning peak hour) are derived off-
line by use of appropriate optimisation codes based on historical constant demands
and turning rates for each stream; traffic-responsive strategies make use of real-time
measurements (typically one or two inductive loops per link) to calculate in real time
the suitable signal settings. The main drawback of fixed-time strategies is that their
settings are based on historical rather than real-time data. This may be a crude
simplification for the following reasons:

— Demands are not constant, even within a time-of-day.

— Demands may vary at different days, e.g., due to special events.

— Demands change in the long term leading to “aging” of the optimised
settings.

— Turning movements are also changing in the same ways as demands; in
addition, turning movements may change due to the drivers’ response to the
new optimised signal settings, whereby they try to minimise their individual
travel times.

— Incidents and farther disturbances may perturb traffic conditions in a non-
predictable way.

For all these reasons, traffic-responsive strategies, if suitably designed, are potentially
more efficient, but also more costly, as they require the installation, operation, and
maintenance of a real-time control system (sensors, communications, central control
room, local controllers).

o [Isolated strategies are applicable to single junctions while coordinated
strategiesconsider an urban zone or even a whole network comprising many
junctions. Coordinated control strategies are preferred when the distances of the
controlled junctions are relatively small. Somewhere between the aforementioned two
categories, we have the hierarchical control strategies, whereby the control decisions
are taken at different levels. For example, some decisions are taken at a network
level, others at the level of a group of junctions and yet others at the level of a single
junction.

e Most available strategies are only applicable toundersaturated traffic conditions,
whereby vehicle queues are only created during the red phases and are dissolved
during the green phases; very few strategies are suitable also for oversaturated
conditions with partially increasing queues that in many cases reach the upstream
junctions.

o Strategies with PTP, which provide special concessive treatment to the PTMs, and
strategies without PTP, which do not discriminate the different categories of vehicles.
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4. Public transport priority measures

Traffic congestion in road networks is continuously increasing. The resulting negative
impacts include significant delays and the associated environmental problems. The usually
limited availability of space as well as other economic and ecological reasons prevent the
extension of the existing infrastructures, and, along with the continuously increasing mobility
requirements, urge for solutions that will mitigatethe serious congestion problems viathe best
possible utilisation of the already existing infrastructure. In this context, the shift of the public
from the private vehicle towards the available PTMs may have a significant positive
contribution. For this reason, it is important that the public is encouraged to utilise as much as
possible the PTMs, and one way, among others, to achieve this is to render the service
provided by such transportation means more attractive and reliable.

PTMs include buses moving on exclusive or mixed-traffic lanes, Light Rail Transit (LRT),
trams and trains, and the relatedPTP measures, which may be used to improve their
performance, fall into two general categories:

o Facility-design-based measures: These measures are used in the case of PTMs such
as buses, which do not necessarily move on fixed paths, and may include exclusive
lanes of several configurations (e.g. with-flow, contra-flow, etc.), as well as other
infrastructure arrangements that facilitate the movements of the PTMs.

e Signal-control-based measures: These measures rely on the signal control and range
from changes to fixed-time signal settings to real-time signal priority locally or
network-wide,so as to favour the movements of PTMs. Depending on the type of the
PTM they aim at, as well as on the capability of the available infrastructure and the
potential existence of other facility-design-based measures, the development of such
measures may become more or less complex, and their contribution more or less
significant.

Following sections describe and discuss the aforementioned categories of PTP measures. The
emphasis is onsignal-control-based measures aimed at buses running on mixed- trafficlanes,
which constitute the vast majority of the PTMs in Greece.
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5. Facility-design-based public transport priority measures

Facility-design-based measures provide priority mainly to buses through appropriate
arrangements of the available infrastructure. The most common measure in this category is
the exclusive or dedicated bus lane(EBL or DBL, respectively).

EBLs may be (Higginson, 1999; PRISCILLA, 2001; DfT, 2004):

With-flow bus lanes. Lanes reserved for buses and other priority vehicles travelling in
the same direction as non-priority traffic in the adjacent lane(s). The priority lane may
be segregated physically or by road markings, and may operate on a full-time or part-
time (e.g. peak only) basis. A with-flow bus lane (or sequence of lanes) is often used
where congestion on a junction approach would otherwise delay buses. It is the
commonest form of bus priority facility.

Contra-flow bus lanes. Lanes reserved for buses and other priority vehicles travelling
in the opposite direction to non-priority traffic in the adjacent lane(s). The priority
lane is usually physically segregated and operated on a full-time basis. The lane (or
sequence of lanes) is often used in one-way roads to reduce travel distances for buses
and to provide preferential access to places of passenger attraction (shops, offices
etc.).

Both with- and contra-flow EBLs require sufficient road width to enable them to be installed
as well as sufficient, with respect to frequency, bus operations to justify their installation. In

cases wherethese prerequisites are not satisfied, alternative concepts, such as the High

Occupancy Vehicle (HOV) and reversible bus lanes may be used:

HOV lanes isa method of utilising spare capacity in existing bus lanes. They can also
be used where the introduction of new bus lanes cannot be justified on bus frequency
grounds, or as part of a policy to encourage car sharing. HOV lanes are variants of the
EBLs. Their basic principle is that only vehicles carrying two or more people, buses
and two-wheeled vehicles are permitted to use them during the hours of operation
(DAT, 2004; DfT, 2006).

Reversible bus lanes are mainly used in cases where the space is insufficient for
EBLs(Iswalt et al, 2011). Their concept is neither new nor designated specifically for
buses. In general, a reversible lane is a lane designated for movement one-way during
part of the day and in the opposite direction during another part-of-the day (NCHRP,
2004). The goal of a reversible lane is to provide additional capacity for periodic
unbalanced directional traffic demand, while minimising the total number of lanes on
a road. Although widely regarded to be one of the most cost-effective methods for
increasing the capacity of an existing road, the reversal of traffic flow can require
significant investments in traffic control and enforcement, as well as considerable
effort to plan and design facilities for this use (NCHRP, 2004). In addition, if not
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carefully planned, designed and managed, reversible lanes can be hazardous locations
for both vehicular and pedestrian traffic (NCHRP, 2004).

Another facility-design-based measure, which may be used instead of EBLs, is the
intermittent bus lane (IBL). The EBL priority measure grants buses an advantage inthe
network roads, while the signal-control based measuresgrant buses an advantage at the
junctions. The concept of IBL for bus priority has been introduced as a means to combine the
advantages of the two aforementioned measures, in an effort to provide permanent advantage
to buses while imposing minimumlosses for the remaining traffic (Viegas and Lu, 2001). The
concept of IBL has been introduced by Viegas (1996) as an innovative approach to achieve
bus priority: “The IBL consists of a lane in which the status of each section changes
according to the presence or not of a bus in its spatial domain: when a bus is approaching
such a section, the status of that lane is changed to BUS lane, and after the bus moves out of
the section it becomes a normal lane again, open to general traffic. Therefore when bus
services are not so frequent, general traffic will not suffer much, and bus priority can still be
obtained” (Viegas et al, 2007).

IBLs are usually located on the rightmost lanes of the road, while some kind of variable light
signals are placed on the pavement along the line separating the IBL lane from the next
(Viegas and Lu, 2001). When a bus enters an IBL, the longitudinal lights are flashing on, in
front of it, indicating that the status of IBL has changed to that of an EBL. Vehicles already
travellingon the lane, ahead of the bus, can keep flowing within it, or turn left to the other
lanes; while vehicles from other lanes are not permitted topass over flashing lights andenter
the IBL. During the movement of the bus in the IBL, the lights behindit are turned off, thus
allowing the entrance of vehicles behind the bus. When the bus leaves the IBL, the
longitudinal lights are turned off, and the lane becomes a mixed-traffic lane again. Figure 4
depicts an illustrative example of the IBL configuration and operation.

Obviously, the vehicles moving in front of the bus inside the IBL can affect its movement and
lead to an undesired speed reduction. IBL signals do not force existing vehicles to move away
from the lane. In fact, according to Viegas and Lu (2004), for safety and stability reasons, it
should not be possible for the vehicles moving on the IBL lane to leave it when IBL signals
are on. Therefore, to enable a bus to run through this lane with less delay, the IBL signals
should be switched on at any time necessary to allow an effective longitudinal (downstream)
discharge of the vehicles that are driving on the IBL lane, and restrict,at the same time, any
additional entry of general traffic from other lanes(Viegas and Lu, 2001). So, under heavy
flow conditions, IBL signals may be turned on before the actual bus arrival at the entrance of
the IBL, so that space is released to allow the bus to keep moving at its average speed.
Similarly, in case oflow flow, IBL signals may be turned on after the bus has entered the IBL,
while in very light flow conditions, IBL signals may not needto be switched on at all, thus
reducing unnecessary interruptions to the rest of the traffic.
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To enable the operation of IBLs,a UTC system needs,at least, an interface to allow the
switching on and off of the IBL lights, and another one to detect buses so as to initialise and
deactivate, as appropriate, the IBL operation. Variable Message Signs (VMSs)
maybealsoused to inform drivers about the operational status of the lane.

The IBL concept has been applied and demonstrated in Lisbon, Portugal (Viegas et al, 2007),
while a similar concept called dyrnamic fairway (DF) has been applied and demonstrated in
Melbourne, Australia, to assist the tram operations (Currie and Lai, 2008). DF is based on the
same principles asIBL; it operates though in the central lane of a road. Both field trials have
been successful, although in Lisbon the improvements of the PT operations have been more
significant (Viegas et al, 2007; Currie and Lai, 2008). The results of these trials indicate that
such concepts do not work well in cases of saturated traffic conditions and/or frequent PT
operations. In the first case, the engagement of the lane for PT operations may lead to a severe
deterioration of the already heavytraffic conditions; while, in the latter case, the frequent PT
operations will inevitably transform the lane into an EBL with what this entails forthe road
capacity.

In addition to the aforementioned field trial results, recent simulation investigations based on
a two-lanes urban traffic model and comparisons of EBLs, IBLs and mixed-traffic lanes
indicate that (Zhu, 2010):

e The PT operations are affected by generic traffic operations when moving on mixed-
traffic lanes, especially in congested traffic conditions.

e The EBLs release the PT operations from traffic interference, but strongly disrupt
generic traffic, especially in case of congested conditions.

o The IBLs are, under certain conditions (see above), more efficient in improving the
bus flow than mixed-traffic lanes, and in maintaining, at the same time, the car flow
at a higher level than the EBLs.

e The disruption of generic traffic due to the operation of EBLscan be partly overcome
by their opening to the general traffic intermittently, when the bus lanesare not in use
by buses.

According to the aforementioned IBL and DF concepts, vehicles moving in front of the bus
are not forced to leave the lane upon the bus arrival. Instead, IBLs and DFs rely on signal
adjustments to clear the way for the buses. To avoid signal adjustments, Eichler et al (2005,
2006) proposed the concept of bus lanes with intermittent priority (BLIP). BLIP is another
IBL variant, which forces traffic out of the lane reserved for the bus usingVMSs, so as to
avoid changes to the signal settings. However, also BLIP can be combined with signal-control
based measures, if desired. Although the conceptual design of BLIP does not require any
signal adjustments, which facilitates usability, the enforcement of traffic out the lane when the
lane signals turn on, in contrast to the safety and stability principles of IBLs, may disrupt the
traffic conditions of the adjacent lanesand become hazardous for vehicular traffic.
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Beyond the aforementioned lane-based measures, other priority measures based on the facility
design include (Higginson, 1999; PRISCILLA, 2001; DT, 2004; VHB et al, 2011):

e Bus-only roads: Roads where access is prohibited to all but priority vehicles, which
may include (for example), emergency vehicles and cyclists in addition to PT
vehicles.

e Busways: Fully segregated facilities for buses travelling in one or both directions,
often positionedin the centre of a road. Buses may operate as normal, or they may be
guided by physical or electronic means (e.g. where width is restricted). Examples in
Europe are limited (e.g. Essen in Germany, Leeds in UK), but are much more
widespread in some overseas countries, particularly in South America.

e Bus gates and rising bollards: These facilities may be considered when access to a
particular street is to be restricted to buses (and any other designated vehicles, e.g.
taxis or bicycles). Bus gates can be traffic signals, actuated by the buses, or simply
signs restricting access to buses. Rising bollards provide a physical barrier that lowers
out of the way when actuated by the bus. They can be particularly useful in enabling
direct access by bus to areas where it is desirable to prevent other vehicles from
entering, such as shopping streets in town and city centres.

o Queue jumper lanes orqueue bypass lanes or bus bypasses orbus advance areas:
These facilities, as Figure 5 displays, include short exclusive bus lanes near congested
junctions, which allow buses to pass through a signal, in advance of competing
traffic. They are provided by widening the roadway as it approaches a junction, and
may also include pre-signals, i.e. bus-only green lights in advance of the general
traffic green light. The objective of these options is to allow buses to pass to the front
of the line at junctions while other vehicles arewaiting for the signal to change. Their
effect is more significant during congested traffic conditions, where long queues
prevent buses to efficiently clear the junctions (Zhou et al, 2006; Zlatkovic et al,
2013). As with EBLs, the employment of these options is subject to the availability of
space.
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6. Signal-control based public transport priority measures

6.1. Introduction

As mentioned in Section 4, one way, among others, to motivatethe public to an increased
usage of PTMs, is to render their service more efficient and reliable. From a control point of
view, the efficiency and reliability increase may be achieved through the treatment of PT
vehicles in a special way or, in other words, through provision of priority against other
vehicles at the signal-controlled junctions.

The priority treatment of PT vehicles provides an opportunity to reduce their travel times and
hence their passenger waiting times and delays. However, such a preferential treatment is
usually at the cost of the service for the other vehicles, and thus, it is often facing considerable
opposition from the non-users. It is therefore significant to carefully design and assess the
kind and level of priority provision, as well as the background signal control strategy that is
applied. Other relevant issues,whichare also covered in the rest of this section, include the
methods and conditionsthat may be used for granting priority to PT vehicles, as well as the
transition and recovery methods, which may be employed after the service of priority
requests, in order to allow signal control to return tonormal operation in a smooth way.

6.2. Levels of priority

The level of provided priority varies among the different types of served PTMs.Highway-rail
crossings are typically assigned the highest priority that provides the most aggressive
manipulation of the signal controller (Nelson and Bullock, 2000).

Emergency vehicles, such as fire trucks, are typically assigned a slightly lower priority to
allow a signal from a highway-rail grade crossing to override the emergency vehicle
request.Buses, trams and LRTs are generally assigned an even lower priority. Such requests
typically do not cause major disruptions of the stage order, but modify the normal green splits
to serve the received priority requests.

6.3. Classification of strategies

Several strategies for signal priority have been developed, which may be classified according
to different criteria that, in fact, address the different requirements the strategies aim to
respond to (see Figure 6).

A first classification of priority strategies distinguishes them as fixed-timeversusreal-time:

e The fixed-time or passive or off-line strategies may include adjustment of cycle
length, stage splitting, area-wide timing plans, and metering priority. They are, in
fact, fixed-time plans developed so as to accommodate the operations of PT vehicles
by considering factors such as travel times, and/or reducing the cycle length to reduce
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delay, and/or providing stage sequences designed to more frequently serve a
phasethat has a high demand of PT vehicles. The problem with these strategies is
their lack of real-time abilities.

e The real-timeor activeor traffic-responsivestrategies attempt to overcome the
disadvantages of fixed settings via real-time operation. To this end, they require the
ability to detect or identify in real-time PT vehicles approaching signalised junctions
via, at least, Selective Vehicle Detectors (SVDs), such e.g. bus loops and
transponders on buses. The sophistication and resulting performance though of these
strategies may be improved in case of availability of more advanced systems such as
Automatic Vehicle Location (AVL) and Global Positioning Systems (GPS), which
provide in real-time more detailed PT-vehicle related data.

Priority Strategies

v !

Fixed-time Real-time
(passive) (active)

v Y

| Local | | Network-wide |

'

| Rule-based | | Optimisation-based |
|
Y Y
| PT-oriented || PT-weighted |
|

Y Y

| Conditional | | Unconditional |

Figure 6.Classification of priority strategies.

The real-time strategies may be further classified according to several criteria. The first
criterion addresses their reactive versuspredictive nature, and distinguishes them as
reactiveversusproactive:

o The reactive strategies represent essentially the current state-of-practice. They are
applied at each junction separately of the others, and provide isolated treatment to the
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received priority requests, independently of whether the priority request has been
received atan isolated or co-ordinated controlled junction. The reactive strategies
receive a request for service as the vehicle approaches the junction.

o The proactive strategies represent a rather limited recent research direction towards
the development of strategies that attempt to proactively respond to priority requests.
They receive a request of service well in advance, perhaps when the PT vehicle is one
or more signals upstream. This advance requestallows the strategy to plan for the
arriving vehicle(s), to accommodate multiple requests for service, and to co-ordinate
the vehicles’ transfer point of operation. The priority control decision could
intelligently begin to transition the signal timing to effectively serve the priority
request(s) with minimal disruption to the rest of the traffic. It should be noted that, for
a proactive strategy to be effective, it must account for the stochastic dwell times of
the PT vehicles. Proactive strategies may be further distinguished as:

— local, when implemented at isolated junctions;versus

— network-wide, when they attempt to improve the progression of PT vehicles
within a network, through the adjustment of the coordination timing
parameters.

The second criterion refers to the employed methodology, according to which the real-time
strategies may be classified as rule-basedversusoptimisation-based.:

e The rule-based priority strategies make their priority decisions, which may include
stage extension, stage recall, special stage introduction, etc., based on a set of
identified rules. As they operate in real-time, they require the ability to detect or
identify in real-time PT vehicles approaching signalised junctions, so as to serve them
the sooner possible. Depending on the capability of the corresponding sensors, the
rule-based priority strategies may be distinguished in unconditionalversusconditional
or differential:

— Unconditional strategies provide priority regardless of the status of the PT
vehicle, i.e. regardless of whether the vehicle really needs to be treated in a
special way at its approach to a signal-controlled junction (e.g. the vehicle
may be well in advance of its schedule, thus it does not need any priority
treatment).

— In conditional or differential strategies, the decisions are usually made based
on the schedule or headway adherence of the arriving vehicle. This assumes
that the signal control system knows the operating status of the arriving
vehicle, which in turn impliesthat the application of conditional strategies
requires additional real-time information regarding the operating status of a
detected PT vehicle.

e The optimisation-based strategies attempt to provide PTP based on the optimisation
of some performance criterion; primarily delay (passenger delay, vehicle delay,
weighted vehicle delay or combination). They use actual observed (both private and
public) vehicle arrivals as inputs to a traffic model that either evaluates several
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alternative timing plans to select a most favourable option, or optimises the actual
timing in terms of stage durations and stage sequences. Depending on whether the
performed optimisation is limited or not on the PT-operations, the optimisation-based
priority strategies may be further distinguished in PT-weightedversusPT-oriented:

— PT-weighted strategies are incorporated (as integral parts)in signal control
strategies, whereby PT vehicles receive higher weights than ordinary vehicles
while optimising an appropriate performance index in real time.

— PT-oriented strategies represent a rather recent research direction. These
strategies are based on the optimisation of an appropriately defined PT-
oriented performance index in real time, so as to respond to the received
priority requests and provide priority to the detected PT vehicles the soonest
possible. In contrast, however, to the rule-based strategies, they may more
easily consider multiple priority requests. In a similar way to the rule-based
strategies, these strategies may be distinguished in wunconditional and
conditional or differential.

Section 7 reviews some representative priority strategies, while following sub-sections
present and discuss conditions and methods for granting priority, as well as transition and
recovery methods.

6.4. Conditionsfor granting priority

As mentioned earlier, the real-time rule-based priority strategies as well as the real-time PT-
oriented optimisation-based strategies may be either conditional or unconditional. Usually,
the conditional decisions are made based on the schedule or headway adherence of the
arriving PT vehicle. This means that only late vehicles are considered for priority at the
signal-controlled junctions.Recently, a new headway-related concept has been introduced,
whereby priority should be granted based on the comparison of the headway of the PT vehicle
from the scheduled headway of the following PT vehicle (Hounsell and Shrestha, 2012).
Theoretical analysis and simulation results indicate better resulting operational efficiency in
terms of passenger waiting times when priority is granted based on this condition rather than
on mere headway adherence.

Other conditions that may also be used for granting priority include:

e Route progression. According to this condition, the decision to grant priority at a
junction considers the arrival time of the vehicle at the downstream junction(s). In
case the vehicle will arrive at the downstream junction during red, because, e.g. the
downstream junction is a non-priority one, priority may not be provided, since after
all, the vehicle will be delayed anyhow.

e Downstream congestion. This conditionconsiders traffic conditions downstream of
the location of the PT vehicle and ensures that no priority will be granted to a vehicle
that cannot benefit from it, e.g. due to a downstream blocking of traffic caused by
congestion.
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An additional condition, which has beenreceivingrecently increasing attention due to the
continuously increasing congestion levels in urban areas, relates to the prevailing traffic
conditions. According to this condition, priority is provided only if it is not expected to lead
to a significant deterioration of the overall traffic conditions. To apply this condition, several
indices have been proposed including:

e the degree of saturation at the priority junction;

o the average traffic load of the junction approaches;

e the presence of queues; and

e the availability of spare green time, given the degree of saturation at the priority
junction’s approaches.

User-defined constraints on the above indices prohibit the provision of priority to avoid
severe adverse impacts to the rest of the traffic.Other approaches that may also be used for the
same purposesinclude (Skabardonis, 2000):

e [nhibition: Limitation of the frequency of priority provision to PT vehicles. This
approach may not be required if conditional priority is provided that limits anyway
the frequency of priority provision.

o Compensation: Provision of more green time to non-priority movements after the
service of a priority request. This approach may not work well if the priority stage
serves also significant traffic movements. In this case, the additional time allocated to
the non-priority stages may lead to the creation of excessive queues in the streets that
are served during the priority stage.

These latter approaches may not be always beneficial, and, if priority is provided when only
some pre-specified conditions are satisfied, i.e. only provided to vehicles that really need it or
can benefit from it, they should better be avoided(Skabardonis, 2000).

Finally, other conditions, which may be used to assist the decision ofproviding or not priority
that are not directly related to the prevailing traffic conditions but rather try to address
socioeconomic goals,include:

e Passenger delay;
e Passenger waiting time (at bus stop); and
e Total person delay (in both private and PT vehicles);

According to these conditions, priority should be provided, if it is expected to lead to
theirreduction.Consideration of such goals requires availability of advanced detection and
communication infrastructure.

6.5. Priority methods

A review of the related literature indicates that there are several specific ways to provide
priority to PT vehicles, i.e. several ways of modifying the background traffic signals so as to
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accelerate the passage of public transport vehicles. These modification methods may either be

considered explicitly (e.g. in rule-based PT priority strategies) or they may result as a solution

of related optimisation problems. The main methods adopted include (see also Figures 7-12):

Green extension: This method refers to the extension of green time to serve a PT
vehicle approaching towards the end of the green time (see Figures 7 and 8). It is
commonly used where the detection is relatively close to the priority junction and is
subject to constraints like maximum extension time, minimum green-time for non-
priority stages, etc.

Stage recall or early green or red truncation: This method refers to the recall of a
stage, if its signal is on red at the estimated arrival time of a PT vehicle (see Figures 7
and 9). It may involve the (green) truncation of more than one stages, subject to
minimum green-time constraints, which sometimes is called double early green
(Wahlstedt, 2011). As green extension,stage recall is also commonly used where the
detection is relatively close to the priority junction.

Stage skipping: The previously mentioned methods do not affect the normal stage
sequence. An alternative and stronger form of priority is to omit one or more stages
from the normal stage sequence so as to allow for the service of a priority request as
soon as possible (see Figures 7 and 10).

(a) (b)  «—— traffic signal cycle—»
B
—*»
Stz_lge_z
Stage 1 | (priority | Stage 3
stage)
(© < cycle time >

< stage |+ ~«———stage 2——> < stage 3—»

ey — B i —

LEGEND
traffic light
N traffic stream with r.o.w.
IQ lost time
mm minimum green time
s green time of stage number #
«— f—>

Figure 7.Example of traffic signal cycle: (a) junction and traffic movements; (b)

diagram of normal stage sequence; (c) normal cycle time allocation to stages.
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request arrival
receipt time
l l time
<« gstage 1> < stage 2 > < stage 33—
—]— < 2 > 3>
extension

Figure 8. Example application of green extension at junction of Figure 7.

o Stage re-ordering or stage rotation: An also stronger form of priority is to modify the
normal sequence, i.e. to activate a stage,which is later in the order, before others to
serve a received priority request (see Figures 7 and 11).

o Special stage: According to this method, a special stage is allocated to the movements
of PT vehicles and is introduced into the normal sequence at the first available
opportunity in order to serve a received priority request(see Figures 7 and 12). This
might mean that other stages may have to be truncated to their minimum green times
(as in stage recall) or even totally skipped (as in stage skipping). The introduction of
special stage simultaneously with the truncation of other stages is sometimes called
double special stage(Wahlstedt, 2011).

request arrival
receipt  time

b

<+ stage |+ < stage 2 » <« stage3—+»

e — o —

D 2 > «—3 >

. 4

e'arly start

Figure 9.Example application of stage recall at junction of Figure 7.
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request arrival
receipt time
l l time
<+ stage |+ < stage 2 » <« stage3—+»
—]— < 2 >

e e —

Figure 10.Example application of stage skipping at junction of Figure 7.

request arrival
receipt time
l time
<+ stage |+ < stage 2 > <« stage3—»
—]—> —33— < 2 >

e e —

Figure 11.Example application of stage re-ordering at junction of Figure 7.

request arrival
receipt time
l ltime‘
<+ stage |+ < stage 2 > < stage3—»
—]— «—)— «—3——

special' priori ty' stage
Figure 12.Example application of special stage at junction of Figure 7.

Other methods include the following:

o Offset modification. This method adjusts the start time of fixed plans considering the
difference between the detection time of a PT vehicle and the ideal time in the cycle
for the vehicle to arrive at the detection point (Gardner et al, 2009). The fixed-time
plans are delayed or anticipated depending on whether the vehicle is late or early.

o (Cycle extend: This method extends the cycle time to 1.5 times the normal cycle length
to ensure that the PT vehicle arrives at a green stage and to retain signal coordination
(Ekeila et al, 2009). The solution is executed over two cycles, replacing three cycles

40




#*

ENIXEIPHZIAKO NPOTPAMMA | _
EKMAIAEYZH KAI AlA BIOY MAGHZH ﬁ Ez "A

#*
s = i 007-2013
* 5 EE=] - Jnadypopyo yia v ovémuiol
YNOYPTEIO MAIAEIAL & BPHEKEYMATON, NOAITIEMOY & ABAHTIEMOY EYPOMATKO KOINONIKO TAME
Eupwmaikn ‘Evwon EIAIKH YNHPEZIA AIAXEIPIZHE

Evpwmaikd Kowwvikd Tapeio
W Me tn ouyyxpnuarosortnon tng EAAadag kat tng Evpwmnaikng Evwong

of normal cycle length; eventually, the cycle is reduced to its normal length. The
cycle extension strategy has been presented theoretically in many papers, its
application in real-life projects, though, is rare due to its impact on cross street traffic.

e  Retaken start: This method returns the stage to green, if conflicting groups have not
yet become green (i.e.duringintergreenperiods)(Wahlstedt, 2011).

o Special plan or green wave: This refers to a priority system where a special (fixed-
time) plan is initiated in the UTC system to provide a sequence of green signals along
a series of junctions for the selected PT vehicles. This is usually implemented for
emergency vehicles, and can hardly be justified for PT vehicles.

e Queue Dissipation: This method provides green time to the PT vehicle’s approach
either by green extension or by stage recall, until the time the vehicle is expected to
arrive at a nearside stop. Then, it truncates the priority stage in order to provide a
green stage to the cross streets,as long as the PT vehicle is serving passengers at the
stop. The method may be used when the detected PT vehicle is not expected to be
able to complete passenger service by the end of the regular or extended priority
stage, but its performance depends heavily on prediction accuracy(Lee et al 2005).

e Priority stage truncation: This method truncates the green time of the PT vehicle’s
approach to allow the faster return to it in the subsequent cycle. It is used when the
PT vehicle is not expected to clear the junction even if green extension or stage recall
is provided. This method also depends heavily on prediction accuracy of travel
estimation, since an early truncation of the priority stage may increase the queue
length on the PT vehicle’s approach and PT vehicle’s delay as a result (Lee et al
2005).

The aforementioned methods may be used as isolated or in combinations to provide priority
to PT vehicles as described in the strategies reviewed in the following section.

6.6. Transition and recovery methods

In a reactive rule-based strategy, the disruption of normal signal timing can be significant in
cases of high level priority for PT. The ability of the background signal control strategy to
respond to this disruption will affect the overall system performance.

Traditionalreactive priority strategies usually distortsignal coordination when the priority
request is served. In some systems, after the priority request has been served, the recovery
process begins and defines how much time must be added and/or subtracted from stages to
allow the actual signal timing to realign itself with the system coordination point (TCRP,
1998). This addition/subtraction of time can be distributed over several signal control cycles.

Another approach, called transition, allows the signal timing to intelligently adapt the service
of a priority request with the traffic signal coordination strategy with minimal disruption to
the flow of private vehicles (TCRP, 1998).

A transition differs from a recovery in that transition is generally proactive and may involve
adjusting timing on multiple signals to accommodate for system-wide coordination (e.g.
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adjust the coordination points at several junctions along an arterial to maintain a progression
band as much as possible).Both transition and recovery differ from compensation, mentioned
earlier in Section 6.4 in that they serve different purposes. Compensation aims at
counterbalancing the negative impacts, to the non-priority stages,of priority provision, while
transition and recovery aim at restoring signal coordination.
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7. Review of traffic control strategies with public transport priority

7.1. Fixed-time strategies

The first and mostacknowledgeable fixed-time priority strategy mentioned in the relevant
literature is the one offered by TRANSYT (Traffic Network and Isolated Intersection Study
Tool). TRANSYT (Robertson, 1969), is the most popular co-ordinated fixed-time signal
control tool. TRANSYT'is used to produce network-wide fixed-time plans, which take into
account bus or tram lines and their respective frequencies. Clearly, since TRANSYT
optimises fixed-time settings, there is no need to detect individual special vehicles during
field application of the obtained signalling results.

More recently, a few additional approaches have been proposed, which, however, may
combine fixed-time settings with real-time vehicle-actuation and PT priority actions at
individualjunctions. To start with, Ma and Yang (2007) proposed a strategy that calculates
off-linesignal offsets and stage lengths so as to minimise delays at junctions. Their
calculations are based on a mathematical formulation of the relationship of bus frequency,
signal cycle, signal status, bus headway deviation and bus delay. In their approach, they also
assume that the signal control system, implementing the signal plans derived as discussed
above, may provide additional active priority treatment to PT vehicles via green extension.
Based on the concepts developed in this approach, Ma and Yang (2007, 2008 and 2010)
extended later on their initial approach to a real-time optimisation-based priority strategy (see
Section 7.2.2.2).

Stevanovic et al (2008) proposed VISGAOST (VISSIM-based Genetic Algorithm
Optimization of Signal Timings), an optimisation program coupling a Genetic Algorithm
(GA) with the VISSIM® (VerkehrInStidten - SIMulation) micro-simulation software.
Depending on the intended signal control strategy (fixed-time or real-time), VISGAOST
optimises off-line appropriate signal timing parameters. The GA is used to search the space of
the potential solutions, which are evaluated through VISSIM simulation runs. As far as the
control of general traffic is concerned, if fixed-control, either isolated or coordinated, is to be
applied, VISGAOPT optimises the cycle time, split and stage sequence, as well as offsets
when necessary for coordination purposes; while in case that vehicle-actuated control is to be
applied atisolated junctions, VISGAOPT optimises maximum green times and stage
sequence. In any of the above cases, VISGAOST allows, either simultaneously with or after
the optimisation of the aforementioned signal settings, also the optimisation of signal priority
parametersfor the real-time application of either green extension or stage recall upon receipt
of priority requests.

'https://www.trlsoftware.co.uk/products/junction_signal_design/transyt [accessed 11.12.2012]
*http://www.ptv-vision.com/en-uk/products/vision-traffic-suite/ptv-vissim/overview/ [accessed
31/1/2013]
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Finally, Estrada et al (2009) proposed a simulation-based optimisation strategy aiming at
minimising the travel time of bus users by modifying traffic signal coordination in a network.
Starting from a given passive signal priority system and considering as a constraint a
maximum admissible delay of private vehicle users, the proposed simulation model estimates
the travel times of all vehicles, taking into account some unpredicted (stochastic) events such
as illegal loading or unloading vehicle operations, vehicle parking manoeuvres etc., in order
to reproduce their variability. The estimated travel times are then used by an iterative Genetic
Algorithm (GA), which identifies appropriate offsets aiming at minimising the total travel
time of all network users.

7.2. Real-time strategies

7.2.1. Rule-based strategies

Most known priority strategies fall in the category of reactive, rule-based strategies. Such
priority logic is even embedded into the logic of new-generation controllers. The controllers
receive a priority request from some type of special PT detection device. The implemented
priority logic can have varying levels of effect, depending on the parameters defined in the
controller and the point in time within a cyclewhen the request is received. The average
effectiveness and impact of this approach depend highly on the selection of these parameters.

Some noticeable early efforts towards the development of reactive rule-based PTP strategies
include SCOOT (Split Cycle Offset Optimisation Technique), SCATS (Sydney Coordinated
Adaptive Traffic System), PRIBUSS (PRloritizing of BUSses in Coordinated Signal
systems), BCC-RAPID (Brisbane City Council - Realtime Advanced Priority and Information
Delivery), SPRINT (Selective PRlority Network Technique), BALANCE (BALancing
Adaptive Network Control mEthod), MOVA (Microprocessor Optimised Vehicle Actuation)
and TRAFCOD (TRAF{ficCOntrol Design).

SCOOT has been developed by Hunt et al (1982), and was extended later in several respects
including priority request treatment. SCOOT utilises traffic measurements, obtained by SVDs
or AVL devices, upstream of the network junctions to feed a network model, which runs
repeatedly in real time to investigate the effect of incremental changes of splits, offsets, and
cycle time. The changes, which turn out to be beneficial in terms of a selected performance
index, are submitted to the signal controllers for application.

SCOOT has a number of facilities that can be used to provide priority to PT vehicles(Nash et
al, 2001; Oliveira-Neto et al, 2009). A sort of ‘passive’ priority, which does not differentiate
between vehicles, can be given to links or routes using appropriate split and offset weights
within the considered performance index. As all vehicles on aweighted link receive a similar
benefit, the level of priority that can be given in this way is limited. ‘Active’ priority can be
given to individual buses via green extensions, to prevent a bus from being stopped at the start

*https://www.trlsoftware.co.uk/products/traffic_control/scoot[accessed 11.12.2012]
http://www.scoot-utc.com/ [accessed 11.12.2012]
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of red; and stage recalls,to start the bus green earlier than normal. In addition, SCOOT MC3
version allows stage skipping. Differential priority allows for different levels of priority to be
given to certain buses, e.g. limited priority to late buses and high priority to very late buses,
but no priority to those ahead of schedule. All these techniques are controlled by user-set
parameters to prevent the priority from causing undesired extra delay to other vehicles.

SCATS* (Lowrie, 1982) ordinary signal control uses information from vehicle detectors,
which are located immediately in advance of the stopline, to adjust signal timing in response
to variations in traffic demand and system capacity. Control in SCATS is effectuated in two
levels, the strategic and the tactical. Strategic control determines suitable network-wide signal
timings based on the average prevailing conditions. Tactical control operates at the individual
junction level providing the signal timings to be implemented locally, taking into account the
constraints imposed by the strategic level. SCATS PT priority logic (TCRP, 1998;
PRISCILLA, 2001) includes green extension, stage recall, introduction of special stages,
stage skipping, and stage reordering to serve late-running buses and trams according to one of
three available priority levels (Gardner et al, 2009):

e high priority, where the necessary stage is called immediately, even skipping other
stages, if necessary;

e medium priority, where stage skipping is not allowed; and

e low priority, where no special treatment is performed.

The high priority scheme is used for trams, while buses are treated at the medium priority
level.

Recently, SCATS has been connected with the PTIPS’ (Public Transport Information and
Priority System), which usesGPS and radio communication data about buses and their
locations to predict their arrival at traffic lights, thus allowing SCATS to provide some sort of
proactive priority, particularly for late-running buses.

PRIBUSS was developed in Stockholm in the early 1990s (Wahlstedt, 2011), has been
included as standard in most signal controllers on the Swedish market, and is the common
method for PT priority in Sweden. PRIBUSS can be considered as a toolbox of PT priority
procedures for the traffic engineer to choose from, when designing the traffic signalling. It is
developed for conditional PT priority on top of the normal primary fixed-time control. The
engineer decides on the procedures, conditions and limitations to be applied by parameter
programming.The tool may be used for both isolated and coordinated signal control. The
priority and compensation actions are effectuatedlocally, based on the corresponding code
which is implemented in each signal controller.Priority is provided in a First-In-First-Out
(FIFO) basis via green extension, retaken start, stage recall, special stage, double early green
or double special stage.

*http://www.scats.com.au/ [accessed 11.12.2012]
*http://www.scats.com.au/product_family _future.html [accessed 30.01.2013]
http://www.rta.nsw.gov.au/usingroads/scats/scats_publictransport.html [accessed 30.01.2013]
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The BCC-RAPID bus priority and passenger information system was initially conceived as
part of the BLISS (Brisbane Linked Intersection Signal System) Urban Traffic Control (UTC)
system, which has been developed by the Brisbane City Council and shares a similar
philosophy with SCATS (Fox et al, 1998). Upon detection of a bus, BCC-RAPID checks
whether it qualifies for priority, and if it does, priority is provided either through green
extension or stage recall. A bus is qualified for priority, if it is behind schedule.

SPRINT (Fox et al, 1998) grantspriority to buses at junctions controlled by fixed-time signal
control strategies. Upon bus detection, an algorithm is used to determine signal timings that
will let the bus clear the junction at the earliest possible time with either a green extension or
a stage recall. The algorithm uses a traffic model for the bus and the rest of thetraffic in an
attempt to optimise the signal timings subject to a number of user-defined constraints
including:

e the maximum number of cycles that are allowed to be modified by SPRINT;
o the difference of a SPRINT-calculated stage, compared to the base plan;

e the maximum saturation levels for providing priority;

e the recovery periods, etc.

BALANCE?® (Tommey et al, 1998; Fox et al, 1998) is a two-level signal control strategy. At
the upper, tactical level, centralised control is performed for all junctions, while at the lower,
operational level, decentralised local adjustments take place for each junction. PTP in
BALANCE is provided at the lower level via green extension, stage recall or introduction of
special stages. The level of the provided priority ranges from no priority to absolute priority,
and is defined based upon the general traffic situation and the delay of the competing PT
lines.

MOVA (Fox et al, 1998; Gardner et al, 2009) is a traffic signal control method for isolated
junctions that analyses lane-by-lane detector data and controls the signal timings so as to
optimise delays and stops or, in case of oversaturation, capacity. Bus priority is implemented
within MOVA using SVDs to distinguish buses from other vehicles. Priority is provided via
green extension, stage recall or stage skipping, subject to user-specified constraints.

In TRAFCOD (Furth and Muller, 1999), control is formulated in terms of traffic streams
without any reference to stages. Control is expected to follow a given cyclic sequence
structure specified by the traffic engineer; streams with no demand, however, may be skipped.
Normally, each stream appears once per cycle (cycle is not fixed). An exception is free
realisation in which a tram, bus, or other priority stream with infrequent requests and a small
need for green time can be introduced anywhere in the cycle (though not until conflicting
streams have become red). Free realisation streams do not appear in the sequence structure.

®http://www.gevas.eu/1/products/individual-traffic/traffic-control/ [accessed 31.01.2013]
"http://www.trl.co.uk/software/software_products/traffic_and_network/mova.htm [accessed
31.01.2013]
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Activation of both normal streams and free realisation streams is based on a purely traffic-
actuated logic.

In contrast to the previously described reactive strategies, Balke et al (2000) describe a
proactive rule-based priority strategy. The approachconsists of four modules, the prediction,
the priority assessment, the strategy selection and the strategy implementation module. Using
the detected bus co-ordinates, the locations of a possible bus stop and of the stop line, the
normal operational characteristics of the bus and the dwell times, the prediction module
specifies the arrival times of the buses at the bus stops and the stop lines. Given the arrival
times, the priority assessment module assesses the need for priority based on schedule
adherence;only late buses are granted priority. Then, the strategy selection module selects the
most appropriate priority method to apply. Available methods include green extension, stage
recall and introduction of a special priority stage. The selected priority method is forwarded
for implementation via the strategy implementation module. The application of this approach
requires availability of an AVL/GBS system.

A proactive PTP strategy has also been proposed by Wadjas and Furth (2003). According to
this approach, PTP vehicles are detected two to three cycles in advance of their arrival at the
junction stopline, and stage lengths are either extended or compressed so that the priority
serving stage is green for a 40 s arrival time window. To estimate the necessary arrival time
window, prediction is performed based on traffic control and traffic events as well as dwell
times at intervening stops. The approach may be applied unconditionally to all PT vehicles or
only to those that are behind of schedule, while in case of conflicting requests, only the most
delayed vehicle is served. To apply the approach, occupancy and PT vehicle detectors are
necessary.It should be noted that the approach can be combined with actuated control using
traffic density and queue length estimation, PT vehicle stopline actuation, and peer-to-peer
communication for coordination in the peak travel direction.

Finally, several other rule-based PTP strategies of a reactive nature have been proposed in the
relevant literature with their major differences falling mainly in the following areas:

e Bus arrival time estimation
e Reaction in case of multiple priority requests.
e  (Criteria for granting priority.

These strategies are outlinedbelow.

To start with, Diakaki et al (2003) proposed a PTP extension of theTUC (Traffic-responsive
Urban Control) strategy. TUC is a signal control strategy of a modular structure, which aims
at controlling, in a coordinated way, urban road networks. TUC is particularly useful under
saturated traffic conditions and consists of three main modules:

e Split Control aiming at minimising the risk of oversaturation and queue spillback.
e Cycle Control aiming at adapting the cycle time to the currently observed maximum
saturation level in the network.
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e Offset Control aiming at creating “green waves”, taking into account the possible
existence of vehicle queues.

For the priority treatment of PT vehicles, TUC may be implemented with an additional
module, which modifies locally (i.e. at each junction) TUC’s network-wide decisions to serve
priority requests based on a FIFO basis. According to the PTP logic of TUC, if a PT vehicle is
detected within a link, the state of the traffic signal is directly modified to allow the vehicle to
cross the junction the earliest possible. In TUC, priority for buses is provided viagreen
extension or stage recall; while making this decision,the average traffic load of the competing
stages may be taken into account.The modification of the signal plans is based upon the time
required for the PT vehicle to travel from the detection location to the stopline. In case of
exclusive bus lanes, this travel time is readily calculated based on the PT vehicle’s nominal
speed, while in case of mixed traffic, the estimation is based on the discharge rate of the
vehicles that are estimated to be present between the detection location and the stopline. Bus
detectors and traditional loop detectors (for the rest of traffic) suffice to apply the priority
logic of TUC.

In case of networks with many, partially crossing PT transport lines and frequent movements
of PT vehicles, PTP may be implemented by TUC through the appropriate weighting of the
measurements utilised in its split control module to reflect the presence of PT vehicles. This
implementation is easy, since it actually forces the split decision algorithm of TUC to favour
the movements of PT vehicles. It does not provide priority in the classical sense of the direct
(or at least the sooner possible) switching of the traffic lights to allow a detected PT vehicle to
pass; it has, however, the advantage, as compared to the previously described PTP approach
of TUC, that it avoids the creation of major disturbances to the signal plans.

Kim (2004) developed a PTP strategy for single priority requests. In this approach, priority is
granted by green extension, stage recall or special stage for buses that exceed a given
passenger load. To select the appropriatePTP method, the travel time of the PT vehicle from
the detection point to the junction stopline is calculated based on a probabilistic estimation of
the dwell time intervals. To apply this approach, PT vehicle detectors are necessary, as well
as an Automatic Passenger Count (APC) system. PT vehicles are also assumed to be equipped
with a GPS so that their position in the network may be traced at all times.

Kim et al (2005) proposed a PTP strategy, which provides priority via green extension or
stage recall for late buses, based on their estimated arrival time. In case of multiple priority
calls for conflicting signal stages, the priority necessity of each call is determined based on its
corresponding headway delay. The call with the higher necessity is served, while all other
conflicting calls are withdrawn. The implementation of the approach assumes availability of
SVDs.

Lee et al (2005) proposed a PTP strategy, which consists of two fundamental components:

e A micro-simulation-based PT vehicle travel prediction model and
e A priority operation model.
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The prediction model predicts bus travel times within a detection zone, and can co-operate
with any dwell time estimation model for junctions with nearside bus stops so as to provide
arrival time estimates, considering not only travel time but dwelling time too. Based on the
results of the prediction model, the priority model then selects the best priority actionsfor the
approaching PT vehicle among pre-specified plans designed to provide green extension, stage
recall, priority stage truncation or queue dissipation. To minimise interruptions of the normal
signal operation, priority is not provided when the expected effects are not significant. For the
implementation of the approach, availability of a SVD deviceis required.

Li et al (2005) developed a PTP strategy, which uses information on the predicted bus arrival,
estimated queue conditions, signal status and pedestrian presence information to determine
the appropriate priority method. To this end, availability of AVL/GPS systems on buses and
loop detectors for the rest of the traffic are necessary. Upon receipt of a request, to predict the
bus arrival time, the bus travel time and queue discharge time need to be estimated. The travel
time estimate is based on a combination of historical and real-time speed estimates, while the
queue discharge time estimate is based on actual counts of arrivals from loop detectors and
estimated departure rates. The appropriatedwelling times are not taken into account in this
algorithm, since in case of bus stops, priority requests are sent only after departure from the
bus stop locations.

The proposed algorithm attempts to minimise bus delays, while also limiting the negative
impact on the rest of the traffic and ensuring pedestrian safety.In order to keep balance among
these objectives, priority is provided exactly as needed by buses up to a certain limit. Priority
is provided either via green extension or stage recall for fixed cycle times, and with changes
that take effect at the start of the cycle when the bus is supposed to enter the junction.

Leeds City Councilhas developed the SPRUCE® (Selective Priority in the UTCM
Environment) system. SPRUCE aims at co-ordinating signals for buses and trams. Priority in
SPRUCE is provided by adjusting the start time of fixed plans, considering the difference
between the detection time of a bus/tram and the ideal time in the cycle for the vehicle to
arrive at the detection point (Gardner et al, 2009). The fixed-time plans are delayed or
forwarded depending on whether a bus/tram is late or early.

Skabardonis and Geroliminis (2008) developed a PTP strategy as part of a research project
aiming at developing an online performance measurement system for signalised arterials and
networks (Arterial Performance Measurement System (APeMS)). The proposed strategy
builds upon and extends a PTP strategy developedearlier by Skabardonis (2000). The new
approach to PTP involves system-wide adjustments to the signal timing plans and priority at
specific signals on the basis of real-time information on the traffic conditions and the bus
arrivals. The strategy tries to minimise the adverse impacts to the rest of the traffic and
favours bus movements considering queue presence, schedule adherence, spare green time
and bus route progression.

*http://www.docstoc.com/docs/34544558/Leeds-City-Council---DOC [accessed 30.01.2013]
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The first step in the aforementioned strategy is to determine if signal priorityshould be given
to a bus. This is based on comparing the scheduledand actual bus arrival times. The
actualarrival time is estimated from a travel time model using AVLdata, signal status data,
and flow and occupancy detector data.If the bus is behind schedule, priority service is
initiated. Oncepriority service begins, the next step is to identify the non-saturated junctions
for which the priority can be applied. To this end, the analytical model for arterial travel time
estimation developed within the same APeMS project is used. Then, the proposed algorithm
selects the most appropriate methodfor providing priorityto the bus among the introduction of
special stage, green extension, or stage recall. To implement the particular approach, bus-
related data from an AVL system, as well as general flow and occupancy measurements from
traditional loop detectors are needed.

Liao et al (2008) and Liao and Davis (2011) proposed a PTP strategy, which provides priority
on the basis of schedule adherence and number of passengers using AVL/GPS and Wireless
Communication Systems (WCS). Priority is provided for single requests on a FIFO basis,via
either green extension or stage recall. Different treatments are considered for buses that have
to stop for dwelling after being detected and before reaching the priority junction.

Ekeila et al (2009) proposeaPTP strategy, which detects a PT vehicle via an AVLsystem
anduses a linear model to predict its arrival time at the priority junction. Based on the specific
point within the cycle that the arrival has been predicted to occur, the strategy responds to the
priority request either through green extension,or stage recall, or cycle extend. The approach
applies unconditionally to all buses, on the basis of a FIFO service rule.

Shen and Kong (2009) proposed a distributed road network traffic coordination control
approach with bus priority based on the principles of fuzzy theory and Artificial Neural
Networks (ANN). According to this approach, the whole road network is regarded as a large-
scale system, while every junction of the network is considered as a sub-system. Based on
local data, the proposed approach tries to optimally control the local traffic signals, whereby,
to account for network performance and coordination, local decisions consider also traffic
conditions in adjacent junctions. To perform local control, a competitive scheme is
adopted,whereby the next stage competes with the current stage to receivethe green signal. If
extending the current stage can make the traveling vehicle team and the traveling buses
nearby the local junction pass without stoppage, and maximise, at the same time, the ratio
between the sum of efficient green signal time and signal cycle time length, then the current
stage maintains the green signal.

In the heart of the aforementioned strategy lays the Local Intersection Signal Control Module
(LISCM), which has three sub-modules, the bus priority, the green observation, and the stage
switch module. Each module has its own fuzzy rule base, which is implemented via a
respective ANN. The first module decides which buses should be given priority, the second
module calculates the stop degree of the current stage, and the third module decides whether
to switch to the next stage, based on the outputs of the two former modules. As far as bus
priority is concerned, the bus priority module considers all buses calling for the current stage,
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as well as all buses calling for the next stage, and decides, based on 17 fuzzy rules, for a green
extension or stage recall in order to serve the buses calling for the current or the next stage,
respectively.The application of the approach requires availability of vehicle detectors, as well
as bus detection and location devices.

Kuang and Xu (2012) proposed a real-time traffic signal control strategy with PTP. The
objective of this method is to reduce the delays of passengers and special vehicles by allowing
change of stage sequence and green extensions. According to this strategy, the cycle stage
with the highesturgency is first selected to become the next stage in the sequence. The
urgency of a stage is estimated based on its respective number of vehicles, their stopping
time, and their weight. Buses and private vehicles receive different weights. Knowing the
current and the next stage in sequence, a fuzzy controller including 33 rules is then used,
which decides whether to provide a green extension to the current stage or move to the next
based on the number of vehicles of each of these stages. A multi-layer ANN has been used to
implement the fuzzy controller. The application of the approach requires availability of
SVDs, as well as estimates of vehicle loads and delays.

Hounsell and Shrestha (2012) proposed a PTP strategy where priority is provided via green
extension or stage recall to a bus when its headway is higher than the scheduled headway of
the bus behind it (following bus). To implement this approach, therefore, only a SVD deviceis
necessary.

Finally, Lin et al (2013) developed a PTP strategyaiming at reducing the bus headway
variance so as to minimise the total passenger waiting time at the next bus stops. They also
aim at a strategy capable to handle multiple priority requests of buses from different routes.
The strategy has been designed to make priority decisions based on the AVL/GPS data
regarding the buses’ locations.

According to this strategy, buses are granted priority via green extension or stage recall, if the
following conditionsare satisfied:

e The total bus passenger waiting time will be reduced.
e The total person delay will not be increased.

To limit traffic disruptions on the cross streets, only one priority treatment (either the green
extension or the stage recall) can take place within the same cycle.

The satisfaction or otherwise of the above criteria is identified based on:

e the estimation ofthe maximum permissible duration for green extension or stage
recall for the prevailing traffic conditions; and

o the estimation of the potential benefits from granting priority to a different number of
detected buses via headway calculations, estimations of average passenger waiting
times at bus stops, delay reductions for bus and private vehicle passengers.
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7.2.2. Optimisation-based strategies

This category includes priority strategies, which employ optimisation techniques in order to
respond to priority requests. Such strategies are reviewed below.

PRODYN (PROgrammationDYNamique) is an optimisation-based real-time signal control
strategy, which does not consider explicitly splits, offsets and cycles (Farges et al, 1983).
Instead, given a pre-specified staging, PRODYN addresses the optimal specification of the
next few switching times over a future time horizon, starting from the current time and the
currently applied stage, based on the dynamic programming method and the rolling horizon
procedure. The optimisation kernel of PRODYN is applied to each junction individually. The
original implementation of PRODYN included consideration for PTP by treating PT vehicles
as being equivalent to several private vehicles. Then, PRODYN was revised to explicitly
model PT vehicles operations (TCRP, 1998). The PTP control objective of PRODYN is to
minimise total delay at a junction, with coordination provided by sharing of vehicle arrival
forecasts with adjacent junctions.

SPPORT (Signal Priority Procedure for Optimization in Real-Time) is a fully distributed
heuristic signal control method that explicitly considers priority to PT vehicles (Han and
Yagar, 1992; Dion and Hellinga, 2001). Similarly to PRODYN, the SPPORT model is also
acyclic, in the sense that it does not use the traditional concepts of cycle and green split. At
each decision point, instead, the control decisions are whether or not to end the current stage
and which stage to go to next if the current stage is to be terminated. This approach has been
adopted to provide the necessary flexibility to respond to large unexpected changes in traffic
demands or to efficiently accommodate PT priority requests.

According to SPPORT, signal control is performed at each junction, but considering its
neighbouring junctions in the aim of network-wide coordination. The signal control process is
based upon the response to 9 key events that may occur on a given junction approach, two of
which correspond to PT vehicle operations. The events are prioritised according to user-
defined weights, while a simulation model, embedded in SPPORT, projects traffic
movements on each junction approach and exit links. After completing traffic projection,
traffic conditions at each decision point within the decision horizon are evaluated against
signal control rules, and requests calling for a green or red indication are generated with their
priority level for each key traffic event identified. After the generation of signal requests, the
SPPORT model generates signal switching decisions using a multi-objective decision-making
process so as to accommodate as best as possible the list of generated green and red signal
indication requests.

To account for the fact that it is not always easy to determine the relative importance of
different events, so as to provide corresponding weights, SPPORT allows the user to provide
more than one lists with prioritised events. When more than one listsare provided, the signal
optimisation algorithm generates a candidate timing plan for each list and then selects for
implementation the one yielding the best performance on the basis of a generalised

52




#*

ENIXEIPHZIAKO NPOTPAMMA | _
EKMAIAEYZH KAl AIA BIOY MAGHEH — w=t? Ez "A

* 57, e cUU/=£U 1D
* 5 EE=] - Jnadypopyo yia v ovémuiol
YNOYPTEIO MAIAEIAL & BPHEKEYMATON, NOAITIEMOY & ABAHTIEMOY EYPOMATKO KOINONIKO TAME
Eupwmaikn ‘Evwon EIAIKH YNHPEZIA AIAXEIPIZHE

Evpwmaikd Kowwvikd Tapeio
W Me tn ouyyxpnuarosortnon tng EAAadag kat tng Evpwmnaikng Evwong

performance function that can linearly combine stops, delay, and travel time incurred by all
vehicles traveling across the controlled junction within the evaluation period.

UTOPIA/SPOT’(Urban Traffic Optimisation by Integrated Automation / System for Priority
and Optimisation of Traffic) is a hierarchical real-time control system that provide priority to
transit vehicles by continuously optimising the signal settings over shorttime intervals (TCRP,
1998; Wabhlstedt, 2011). At the upper, network level of UTOPIA/SPOT, optimisation is
performed based on a cost function, which takes into account the traffic state of all
networkjunctions. At the lower, local level, then, signal settings are determined by optimising
a cost function adapted to the current local traffic situation. Within UTOPIA/SPOT, PT
vehicles are represented as weighted platoons of private vehicles, and their movements,
including stops, are predicted to allow junctions to get prepared in advance of their arrival.

DARVIN (Dynamic Allocation of Right-of-Way for Transit Vehicles In Urban Networks) is a
bus priority control system aiming at improving bus progression in mixed traffic while
optimising overall performance of the network (Duerr, 2000). To achieve its aims, DARVIN:

e Computes vehicle movements and interactions of buses and private vehicles in the
network and evaluates the quality of control using specified performance measures.

e Performs a simultaneous adjustment of all relevant signal control parameters in a
specified time horizon applying a GA with problem-specific operators aiming at
minimising a weightedcombination of delays and stops.

e Computes a mapping function for the optimal adjustment of the control parameters
because of changes in the traffic state using anANN.

RHODES/BUSBAND (TCRP, 1998; Mirchandani et al, 2001) is an extension of the
RHODES (Regional Hierarchical Optimized Distributed Effective System) signal control
system for provision of priority to buses. The RHODES system includes a traffic simulation
model and consists of five modules: the network flow optimisation, the junction optimisation,
the platoon flow prediction, the link flow prediction, and the parameter and state estimation
module. The network flow optimisation and the platoon flow prediction modules form
together the network control logic of RHODES, while the junction optimisation and the link
flow prediction modules form the junction optimisation logic. Given the output of the
parameter and state estimation module, the network control logic of RHODES establishes
coordination constraints for each network junction. Then, given these constraints, the junction
control logic adjusts locally the signal control settings, via dynamic programming
optimisation, so as to best utilise the junctions’ capacities.

Priority within the extended RHODES/BUSBAND system may be provided in either of the
following two approaches:

*http://swarco.com/mizar-en/Products/Urban-Systems/UTOPIA [accessed 02/02/2013]

53




* *

EMIXEIPHIIAKO MPOrPAMMA
AT EKMAIAEYEH KAI AIA BIOY MAGHEH — wer Ez "A
a7 PANE e : =

YNOYPrEID MNAIAEIAL & BPHEKEYMATON. NOAITIEMOY & ABAHTIEMOY EYPONAIKO KOINONIKO TAME

EvpwnaikiEvwon EIAIKH YMNHPEXZIA AIAXEIPIEZHE

Evpwmaikd Kowwvikd Tapeio
W Me tn ouyyxpnuarosortnon tng EAAadag kat tng Evpwmnaikng Evwong

e  Phase constrained. According to this approach, the network control logic imposes a
constraint to the junction control logic, which forces the latter to provide for the
appropriate stage for agiven bus movement.

o Weighted bus. In the standard RHODES algorithms, each vehicle (including buses) is
treated alike. By giving to each bus a variable weight, that depends on the number of
on-board passengers and on its delay, if behind schedule, RHODES tends to give
priority for late buses with many passengers.

Lateron, Mirchandani and Lucas (2004) introduced the CAPRI (Categorized Arrivals-based
Phase Reoptimization at Intersections) strategy, which may be viewed as an extension of the
BUSBAND logic. CAPRI integrates:

e the predicted arrivals of PT vehicles (buses, trams or light rail) at the signals and
appropriately provides signal priority;

e the predicted arrivals of trains at an at-grade rail crossing and appropriately adjusts
stage durations to mitigate the disruption from the signal switch in response to the
arriving train; and

e the predicted (and/or advised) route for an emergency response unit to provide a
least-disruptive pathway from unit’s home (depot) to incident location with
appropriately set staging for the traffic signals on the path.

As far as PT vehicles are concerned, CAPRI works similarly with BUSBAND, and thus, it
may be easily integratedwithinRHODES, as well aswithinother systems that operate with a
similar logic,such as OPAC (Optimised Policies for Adaptive Control)(Gartner et al, 1991),
PRODYN and UTOPIA/SPOT.

MOTION'? (Method for the OptimizaTION of Traffic signals online) is another hierarchical
signal control system, which integrates two components: the MOTION central component,
and the MOTION local component (Busch and Kruse, 2001; Gardner et al, 2009). The
MOTION central component creates plans, which may then be adjusted by the local
componentaccording to the local prevailing traffic conditions.

MOTION can provide priority in two ways:

e The MOTION central component performs stage sequence, split and offset
optimisation limited to those options, that provide for the existence of a green time
window for the PT vehicles at their expected arrival times.

e The MOTION local component provides local PT-oriented adjustments according to
an assessment of the current local traffic conditions.

Liu et al (2003) proposed a method to optimise in real-time the green time allocation
considering bus priority requests. According to this method, an optimisation model is used,

Yhttp://www.siemens.com.co/SiemensDotNetClient Andina/Medias/PDFS/473 20080305152745.pdf
[accessed 30.01.2013]
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which aims at minimising the average delay of all vehicles subject to prevailing capacity and
operational constraints. This model searches for the critical approaches of each stage,
optimises through a linear program (LP) the departure flow rates and converts the departure
flow rates into appropriate signal parameters. The optimised signal parameters are then
compared with the currently applied signal timings to determine whether a replacement is
necessary. To take into account priority requests, the arrival of a bus with priority request is
represented by weighting the arrival demand of the associated approach with a factor, which
is defined based on traffic demands, the queuing conditions at every approach of the junction,
and information on the lateness of the bus.

Based on earlier efforts (Vasudevan and Chang, 2001), Vasudevan (2005) designed a real-
time arterial signal control system that gives priority to buses while simultaneously
maximising progression bandwidths and optimising signal timing plans at each junction along
the arterial. The architecture of the proposed system is divided into three levels:

o At the higher level(network or progression control) bandwidths are maximised using
a modified version of the MULTIBAND bandwidth maximisation model and traffic
flow predictions from anANN model developed from real data.

e At the intermediate level(local or junction control) signal timing plans are optimised
subject to bandwidth constraints. The objective of the employed optimisation
technique is to minimise a weightedcombination of vehicle queue lengths, delays and
stop times, with constraints on the bandwidth and minimum green time.

e At the lower level(bus priority control), whenever a bus is detected and is a candidate
for priority, it is granted priority based on the optimisation of a performance index,
which is a function of bus schedule delay, automobile and bus passenger delays, and
vehicle delays, subject to bandwidth and minimum green constraints. For the
optimisation, dynamic programming is used under a rolling horizon concept with one
control variable, the decision to switch or not the current stage to the next.

To qualify a bus for priority treatment under the aforementioned approach, it should not need
to stop at a downstream bus stop and/or to head towards bus depot after the completion of this
route. The approach allows also for the consideration of multiple priority requests.

Building also on earlier efforts (Li et al, 2005), which leaded to the rule-based strategy
mentioned in Section 7.2.2.1, Li et al (2008) developed an Adaptive Transit Signal Priority
(ATSP) concept with the following main features:

e An AVL/GPS system is used on buses to continuously monitor their locations.

e The AVL/GPS data are used in an arrival time flow prediction model, which is based
on an adaptive recursive least-squares method, and is used to predict the bus arrival
times atjunctions.

The approach makes real-time decisions adaptive to the movements of PT vehicles, traffic
conditions and signal status, and provides priority to PT vehicles, via the stage recall or green
extension methods, if warranted, while trying to make a trade-off between bus delay savings
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and the impacts on the rest of the traffic. To this end, an optimisation model is developed and
used aiming at minimising the weighted sum of traffic delay and bus delay at an isolated
junction. The weights in this model reflect the trade-off among the two considered types of
delay and are determined through negotiations among the stakeholders on how much
preference the PT operation should be given. The optimisation model is activated only when
PT vehicles are expected to arrive during red periods.

Ma and Yang have also made several efforts towards the development of PTP strategies
focused on two issues:

e Provision of priority under signal coordination.
e Provision of priority to multiple requests.

Their first effort leaded to the passive priority strategy described in Section 7.2.1 (Ma and
Yang, 2007). Extending the concepts developed therein, Ma and Yang (2008) proposed a
real-time control framework consisting of the following three hierarchical levels:

e The upper, priority classification level focuses on classifying and filtering different
priority requests.

e The middle, passive priority strategy level gives a priority timing plan based on
statistical data.

e The lower, active priority strategy level makes online priority decisions, including
prediction of schedule deviation, selection of control object for signal priority,
identification of critical junctions, decision for permitted priority frequency, and
establishment of a recovery strategy.

Lateron, they further extended their approach proposing a Coordinated and Conditional Bus
Priority (CCBP) strategy (Ma et al, 2010) with two characteristic control features:

1. the control object, which is a coordinated signalised group of several junctions along
an arterial, which also includes several stops; and

2. the control objective, which is the minimisation of the gap between the estimated bus
delay and the permitted bus delay as defined by the bus operation system.

In addition, under CCBP:

e The cycle length and offsets are kept unchanged.

e The normal stage order and duration of the non-coordinated stages is not significantly
altered.

e The priority method is selected on the basis of predicted bus arrival times.

e Priority is provided only to the buses that are truly in need of it.

e Priority is provided at a junction only when it is useful to minimise the total bus delay
deviation at the coordinated signalised junction groups.

The CCBP approach includes four main modules:
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e A bus delay prediction module, which predicts bus delay under the control of a
primary signal plan.

e A priority request generation module, which decides whether a bus needs to be given
priority based on an estimation of delay.

e A bus signal priority strategy and relative bus delay calculation module, through
which bus delay under different priority treatments is calculated. This module
includes mainly two types of priority strategies. One type, which is used to decrease
bus delay at junction, when the bus is behind schedule; and another type, which is
used to increase bus delay at junction when the bus is ahead of schedule. To decrease
bus delay at a junction, green extension, stage insertion, or stage recallmay beused;
while to increase delay, green truncation or red extension may beused.

e A priority strategy combination and optimisation module, that generates the optimal
priority strategy for each junction group. To this end, a mathematical programming
model is adopted, which, considering all available priority methods per strategy type,
tries to minimise the gap between the estimated bus delay and the permitted bus
delay.

In case of multiple priority requests, the proposed approach allows the simultaneous
application in one cycle of at most two of all priority methods, while only one stage insertion
is permitted per cycle.

Beyond the above efforts, Ma and Bai (2007) were also working on the issue of multiple
priority requests, andthey developed a decision tree-based method to optimise the serving
sequence for multiple bus priority requests. According to this method, the multiple priority
requests are classified intomultiple requests for single phase, andmultiple requests for multi
stages, and a decision tree is used to optimise the service sequence of these two kinds under
the decision objective of minimising the average person delay of all priority requests.

The above decision-tree based approach was found to belimited, especially when considering
the real-world operational characteristics of multiple bus requests in detail, i.e. schedule
deviation, bus occupancy, delay at cross streets, etc. For this reason, Ma et al (2012)
developed a new control framework aiming at providing efficient priority control for multiple
bus requests as well as minimising the overall negative impacts on the control system.The
new framework consists of two modules: minimisation of system disturbance and
optimisation of the serving sequence. The first module assigns the required minimum green
time to a traffic movement based on its volume and a threshold value of saturation degree.
Given the constraints from the system disturbance minimisation module as input, a dynamic
programming model is then used, within the second module, to generate the optimal signal
timings and serving sequence for a set of bus priority requests in a cycle.

In order to improve the PT system’s reliability rather than just reducing bus delays at
junctions, the proposed model minimises the weighted bus delays at the junction considering
both bus occupancy and schedule deviation. The proposed framework assumes availability of
an optimal signal plan for the general traffic demand in each cycle, as well as threshold values
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of the saturation degree. Such parameters can be fixed or dynamically determined by the
urban traffic control system.

The proposed control model is based on the bus arrivals in a foregone cycle. However, such
information is usually unknown at the beginning of a cycle and bus priority requests are also
unpredictable. In order to take into account the latest bus arrival and vehicular demand
information, and facilitate real-time operation, the proposed framework is applied under a
rolling horizon, equal to the cycle time, scheme:

The issue of serving multiple priority requests was addressed by many other researchers too.
To start with, Head et al (2006) developed a decision model capable of treating multiple
priority requests. The model is based on a precedence graph structure, which is analogous to
the classical project management techniques of a Gantt chart, Critical Path Method (CPM),
and Program Evaluation and Review Technique (PERT), but is formulated to address the
structural and operational issues of traffic signal control directly. The goals of this
novelanalytical model are to provide:

e A structure for analysing signal state transitions;

e An extensible framework to allow consideration of new features and functions; and

e A more efficient signal timing that considers multiple objectives, such as PT vehicles
priority requests, vehicle demands, and pedestrian needs.

As far as priority is concerned, requests are assumed to come from buses, heavy rail,
commercial vehicles, and adjacent junctions (for coordination purposes). It is also assumed
that the prioritisation of many requests is done externally to the controller, and that only
requests that have been selected for service are considered. The precedence-based controller
logic model is applied then to the problem of selecting phase durations that best serve
multiple requests for priority. The goal is to achieve the minimum delay for a set of several
requesting vehicles (not all vehicles) based on a formulation that includes:

e An objective function to minimise the priority request delay;

e Precedence relationship constraints, which represent the controller stage and interval
behaviours;

e Selection variables and constraints to determine the cycle containing a service stage
for each priority request.

The resulting problem is a mixed-integer mathematical programming problem, which can be
solved by using readily available tools, but, according to its developers, difficult to be
implemented, especially in an embedded environment, such as an embedded Linux system.

To overcome the aforementioned problem, Head et al (2007) modified their approach to
become mixed-integer linear, which improved the solvability, but it was still depending on
using commercial optimisation solvers. For this reason, He et al (2011a) proposed a solver-
free heuristic algorithm for traffic signal control with simultaneous multiple priority requests
at isolated junctions in the context of vehicle-to-infrastructure communications, i.e. assuming
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that advanced communication systems are available between vehicles and controllers.
According to this new approach, the priority control problem initially treated by Head et al
(2006, 2007) was simplified to a polynomial solvable cut problem by adding the following
assumptions:

e The stage sequence is fixed.
e A temporally based FIFO rule holds for all requests for the same stage.
e All requests can be served in two cycles.

Each cut combination corresponds to a unique serving sequence of priority requests, and a
greedy search algorithm searches for the best solution, within a defined tolerance range, by
assessing the total priority delay of each cut combination. Several candidate cycle and stage
assignments are evaluated to ensure that the best solution is found, and the search stops when
a candidate assignment and optimised stage timings are found that cannot be improved by
reassigning priority requests or changing stage timings.

Within the same concept of vehicle-to-infrastructure communications,He et al (2011b)
proposed also a platoon-based mathematical formulation called PAMSCOD (Platoon-based
Arterial Multi-modal Signal Control with Online Data) to perform arterial (network) traffic
signal control while considering multiple travel modes. PAMSCOD considers two modes of
traffic composition: buses and passenger vehicles; which are able to send a “green light”
request to the traffic controller, when approaching a junction. The “green light” request
includes travel mode, position, speed, and requested traffic signal stage. Single requests are
categorised and clustered into platoons by priority level and stage. Then, a mixed-integer
linear program (MILP) is solved online for future optimal signal plans based on the real-time
arterial platoon request data and traffic controller status. The objective of the optimisation is
to minimise the overall weighted delay both at the current junction and at downstream
junctions. The employed weights can be set to different values for each mode, as well as each
different platoon; depend on the priority level of the mode; and can be adjusted for individual
vehicles according to other real-time information, such as vehicle occupancy. PAMSCOD
modelling is also based on the precedence graph initially proposed by Head et al (2006).

Finally, optimisation-based strategies have also been proposed by Christofa and Skabardonis
(2011) and Christofa et al (2012), as well as by Zhao et al (2013).

Christofa and Skabardonis (2011) developed a real-time, traffic-responsive signal control
system that minimises the total person delay at the traffic signals. The goal of this approach is
to optimise the signal timings, such that conditional priorityis granted for the PT vehicles on
the basis of their passengeroccupancy. Conditional priority is used as a way to assign
prioritywhen two or more PT vehicles are expected to arrive at the junction at approximately
the same time and compete for priority. Inaddition, the effect of PTP on the rest of the traffic
at the junction istaken into account by includingin the objective function the total person
delay for all vehicles present at the junction. The proposed approach applies to isolated
junctions.
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The formulation of Christofa and Skabardonis (2011) is based on the assumption of fixed
cycle lengthswith a fixed stage sequence. The vehicle arrivals and service timesfor all
vehicles at the signalised intersection are assumed to be deterministic, and the arrivals of the
PT vehicles at the junction areassumed to be known in real time. It is also assumed that PT
vehicles travel on mixed traffic lanes.The developed mathematical program minimises the
total person delay at the junction by changing the green times for each stage of a cycle
constrained by a fixed cycle length and the minimumgreen times for junction approach. The
mathematical program is run once forevery cycle.

Using the same model as above, transformed though via appropriate integer variables in order
to avoid the “if-then” decisions of the original model, Christofa et al (2012) developed,
lateron, a traffic-responsive signal control system for signal priority on conflicting routes of
PT vehicles. The new formulation results in a MILP problem, for which the Branch-and-
Bound method is used,leading global optimality. Apart from tests with deterministic demand
and PT arrivals, the system has been tested with predictions for demands and measured PT
arrivals.

Finally, Zhao et al (2013) developed a coordinated priority control optimisation model.
According to this approach:

e The coordinated junction group between two successive bus stops is defined as a
control unit.

e Buses are detected after leaving the upstream stop, before their arrival at the first
junction of a control unit.

e The dynamic interactions of priority strategies between adjacent junctions within a
control unit are modelled using a bus delay model and an ineffective priority time
model.

e ALP model is developed to generate optimal priority strategies in order to reduce the
bus travel time, in case priority is actually necessary, and to ensure that the applied
priority treatments are effective. Control variables for the optimisation model are the
type of priority (no priority, green extension, stage recall) and the time needed for
extension or truncation, if priority is provided.

The control model of Zhao et al (2013) provides priority to single requests on a FIFO basis
for delayed buses using exclusive lanes. The proposed framework is suitable for mixed-traffic
lanes, given that its bus delay model is suitably extended to address the impacts of other
vehicles.
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8. PTP system applications

8.1. Introduction

Although a few efforts towards PTP have been reported as early as in the 1970s, the most
serious efforts did not start until the late 1980s;since then, with ever increasing interest.
Nowadays, many cities around the world include within their UTC systems special priority
features; at the same time they increasingly also adopt facility-design-based measures, such as
EBLs, bus gates, rising bollards, etc., in an effort to improve their PT operations, thus
encouraging modal shift and promoting the use of PT means.

Early, as well as more recent reviews and reports of operational PT priority systems may be
found in:

e The Bus Priority Resource Pack of the UK Department for Transport (DfT) (DfT,
2004), focusing on UK case studies;

e TCRP' (1998), Baker et al (2004) and Smith et al (2005), focusing mainly on USA
and Canada; and

o Foxetal (1998), PRISCILLA (2001) and Gardner et al (2009), which provide a more
global perspective.

According to these reviews, the reported PTP applications in European cities, as well as in
cities in the rest of the world, concern strategies of different architectures (centralised or
decentralised), which also employ different detection and communication devices and
systems. Despite their differences though, the vast majority of these strategies are based on a
reactive, rule-based, conditional logic, which favours the movements of PT wvehicles,as
observed in the improvements reported within the aforementioned reports, at a higher or
lower degree, depending upon the adopted priority levels as well as the availability of other
facility-design-based measures, which are often additionally employed.

Despite the state-of-the art advances since the decade of 90s, itbecomes obvious from the
state-of-practice review of the following sub-sections thatonly a few of the proposed state-of-
the-art PTP strategies (reviewed in Section 7), have actually been employed in practice, and
even fewer have undergone even a limited field trial. Beyond BALANCE, BRIBUSS,
MOVA, PRODYN, RAPID, SCATS, SCOOT, SPRINT, SPRUCE, TUC and
UTOPIA/SPOT, which are either fully adopted or have undergone extended field trials,
limited field trials have also been reported for the strategies proposed by:

e Lietal (2008) and Skabardonis and Geroliminis (2008) in San Mateo County, USA;
e Liao et al (2008) and Liao and Davis (2011) in the city of Minneapolis, USA; and

"http://www.signalsystems.org.vt.edu/documents/Attach/I13_Head.pdf [accessed 18.02.2013]
http://www.signalsystems.org.vt.edu/documents/SignalControlWorkshop2002/TCRP_A-
16A_Overview_Head.pdffaccessed 18.02.2013]
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e Maetal (2010) in the Ji’nan City, Shandong province, China.
8.2. The European experience

The European philosophy to PT priority has been rather aggressive, with provision of higher
priority levels and less concern forthe potential negative impacts to the rest of the traffic
(TCRP, 1998). According to a recent study of Kaparias et al (2010), the bus seems to be the
most common PT means in European cities, with the length of the bus networks ranging from
a few to thousands ofkilometres (e.g. the bus networks of The Hague and Zurich extend to
150 and 175 km, respectively; while the London’s bus network covers 9300 km). According
to the same study, cities of similar size have considerably different bus network lengths,
depending on the presence of other PT means in the city. Light rail/tram systems are also very
common in European cities.

To improve the performance and efficiency of PT and hence encourage the modal shift, many
European cities employ PT priority measures, mainly of a facility-design-based nature,EBLs
in specific (Kaparias et al, 2010).

Among the European countries, UK has a long history of PTP-related initiatives. In 2004, the
UK DAT released a Bus Priority Resource Pack (DfT, 2004), which, among others, describes
some representative case studies that have been designed to demonstrate the range of possible
measures and to provide some indication onthe conditions, under which these measures may
be suitable for practical deployment. The study concludes that the most appropriate measure
in any one location depends upon the local conditions (e.g. traffic levels, number and
frequency of bus services, available space) prevailing in that area.

According to theUK DIT study (DfT, 2004), a significant number of junctions in the UK use
MOVA with SVDs for the provision of PTP. SCOOT applications with PTP have also been
reported in London, Southampton, Glasgow, York, Cardiff, Leeds, Winchester, Leicester,
Norwich, Brighton and Hove. In addition,SPRUCE has been developed and applied in Leeds,
where also a UTOPIA/SPOT trial took place, whileSPRINT and TUC trials have taken place
in London (Fox, 1998; PRISCILLA, 2001; DfT, 2004; Gardner, 2009), and Southampton
(Kosmatopoulos et al, 2006), respectively.

UTOPIA/SPOT is the main UTC system of Turin'?, Italy, also responsible for PTP provision.
It has also been applied inBologna, Italy (Fox, 1998; PRISCILLA, 2001;Gardner, 2009), as
well as in Bucharest'’, Romania, and Gothenburg (Gardner, 2009) and Stockholm, Sweden
(Wahlstedt, 2011). In Stockholm, the PRIBUSS strategy has also been developed and is
currently included as standard in most signal controllers on the Swedish market (Wahlstedt,
2011). Beyond the aforementioned ones, other strategies have also been developed

Phttp://www.swarco.com/mizar-en/Projects/ITS-References/URBAN-TRAFFIC-MANAGEMENT-
PUBLIC-TRANSPORT.-Italy,-Turin-5T-S.R.L [accessed 19.02.2013]

Bhttp://www.swarco.com/mizar-en/Projects/ITS-References/URBAN-TRAFFIC-MANAGEMENT.-
Romania,-Bucharest-City-of-Bucharest [accessed 19.02.2013]
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locally,both in Swedish and Italian cities, such as Malmo and Genoa, respectively, based on a
reactive, rule-based, conditional logic (Gardner et al, 2009).

PRODYN applications with PTP have been reported in Pau and Toulouse, France (Fox, 1998;
PRISCILLA, 2001),while, more recently, other strategies have been developed and applied
locally in French cities, such as Nantes and Toulouse, based on a reactive, rule-based,
conditional logic (Gardner et al, 2009). PRODYN applications have also been reported in
Brussels, Belgium (Fox, 1998; PRISCILLA, 2001), while BALANCE (Fox, 1998)
applications have been reported in Krakow'’, Poland, and Munich, Germany. Other locally
developed and applied reactive, rule-based, conditional strategies have also been reported in
German cities, such as Stuttgart (Gardner et al, 2009).

Beyond the aforementioned ones, the relevant literature reports on several other, locally
developed and applied,reactive, rule-based, conditional strategies in Aalborg (Denmark),
Helsinki (Finland), Vienna (Austria), Suceava (Romania), Tallinn (Estonia), Prague (Czech
Republic), and Geneva and Zurich, Switzerland (Gardner et al, 2009).

The case of Zurich, Switzerland is perhaps the most noticeable from all reported PTP cases,
where a full PT-oriented philosophy and approach has been developed and adopted since
1970, which has resulted in a full bus-tram priority via all available means (both facility-
design and signal-control based). This philosophy and approach have produced mobility and
traffic conditions that have enabled a significant modal shift towards PT; it has been reported
that approximately 42% of trips in Zurich are made by PT means (Gardner et al, 2009).

8.3. The international experience

Similarly to Europe, several PTP initiatives have been reported in other cities in the rest of the
world. In Australia, two systems mainly appear: SCATS and RAPID, which have in the
country. SCATS, which was developed by the Roads and Traffic Authority (RTA) of New
South Wales, is applied in Melbourne and Sydney, while RAPID has been developed and
applied in Brisbane, Australia, and in Auckland, New Zealand, as well (Fox et al, 1998;
Gardner et al, 2009).

SCATS and SCOOT applications are quite numerous around the globe, for examplein
Toronto, Canada (Currie and Shalaby, 2008), for the formar; andinFortaleza(Oliveira-Neto et
al, 2009) and Sao Paulo'’, Brazil, and Santiago'®, Chile, for the latter.

According to Baker et al (2004) and Smith et al (2005), in USA and Canada, several PTP
systems have been developed by local or state traffic’highway departments, with the level of
deployment varyingconsiderably from location to location, and ranging from equipping afew
junctions and a limited number of buses, to equippingentire corridors and to system-wide
deployment. Examples include the PTP systems ofArlington Heights, Atlanta, Napa,

“http://www.gevas.eu/1 /references/traffic-control-krakow/ [accessed 19.02.2013]
Bhttp://www.scoot-utc.com/SaoPaulo.php?menu=Results [accessed 19.02.2013]
"http://www.scoot-utc.com/Santiago.php?menu=Results [accessed 19.02.2013]
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Bremerton, Burlington, Charlotte, Chicago, Glendale, Houston, Los Angeles, Minneapolis,
Oakland, Orlando, Philadelphia, Pittsburgh, Port Townsend, Portland, Richland, Sacramento,
Salt Lake City, San Francisco, San Mateo, Seattle, St. Cloud, Tacoma, Union City and
Washington in USA, as well as the PTP systems of Calgary, Ottawa, Toronto and Vancouver
in Canada (Baker et al, 2004; Smith et al, 2005).

In the aforementioned USA and Canada applications, the most commonly used PTP strategy
for buses operating in mixed-traffic laneshas been green extension andstage recall, which is
typicallyavailable on the NEMA-based proprietary softwarepackages that are used by over
40% of the corresponding responsible agencies (Smith et al, 2005). Although many older
systems use absolute priority, more recent systems tend to use conditional priority and allow
also for stage skipping (Smith et al, 2005; Altun and Furth, 2009).

PTP applications have also been reported for Japan'’, where priority is provided mainly via
green extension and stage recall (Gardner et al, 2009).

"http://www.utms.or.jp/english/cont/seigyo/index4.html [accessed 20.02.2013]
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9.Current trends and future perspectives

The significant advances in information, computer and communication technologies have
created the basis and offered efficient and reliable ingredients towards the development of
real-time traffic signal control systems, which respond to the prevailing traffic conditions.
The literature on recent fixed-time signal control systems is limited, and the same trend is also
observed as far as fixed-time PTP strategies are concerned. The review though of these few
approaches sets off the offsets to be the most significant parameter to optimise for priority
provision, followed by the green splits of the fixed priority-oriented signal plans. Table 1
summarises the characteristic of the fixed-time PTP approaches reviewed in Section 7.2.1.

Table 1. Outline of proposed fixed-time PTP strategies.

Reference Features

TRANSYT (Robertson, 1969) Optimisation-based calculation of fixed-time signal plans (split, cycle
and offset) for buses/trams

Ma and Yang (2007) Optimisation-based calculation of stage lengths and offsets for given
cycles

VISGAOST (Stevanovic et al, Optimisation-based calculation of fixed-time signal timing plans
2008) (split, cycle, offset and stage sequence), plus priority settings for a
real-time application of green extension or stage recall

Estrada et al (2009) Optimisation-based calculation of offsets for given cycles and splits
from an available passive signal priority system

As far as real-time, rule-based PTP strategiesare concerned, the state-of-the-art review of
Section 7.2.2.1, which is summarised in Table 2, reveals the following:

e Priority decisions are based mainly on schedule adherence, although the rule-based
character of these strategies allows for simultaneous consideration of many different
criteria. This of course requires the establishment of trade-offs among the different
criteria, whichmay often be competitive.

e Priority is mainly provided via green extension and stage recall. These methods have
been identified to be sufficiently effective; while creating the least disruption to the
rest of the traffic operations.

e Most of the proposed strategies are of a reactive nature, although many of them
employ travel time predictions, and occasionally also dwell time estimations, to
identify the bus arrival time at the junction’s stopline. Although proactive strategies
may have better performance and lead to less disruptions to the rest of the traffic, they
require advanced infrastructureto achieve their goals, which may not be always
available, and accurate prediction models and techniques, which by itself is an issue
for further research and development.
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e Most of the proposed strategies respond to single requests on a FIFO basis. In case of
multiple priority requests, two approaches have been identified. According to the first
approach, requests are prioritised on the basis of the delays of the competing PT
vehicles, and the most delayed vehicle is served. According to the second approach,
the consequences of all available priority methods to all PT vehicles as well as to the
other vehicles are estimated, and the method with the most positive overall impactis
selected.

To provide priority either in a reactive or in a proactive manner, a rule-based strategy needs to
know the arrival time of the PT vehicle at the junction’s stopline. Most strategies estimate this
arrival time based on the corresponding travel time of the PT vehicle, and perform this
estimation either based directly on traffic measurements or based on predictions obtained
from traffic measurements. A few strategies consider also the case where bus stops exist
among the bus detection location and the junction’s stopline. No matter how it is performed,
the arrival time estimation is critical for the performance of the strategy, and constitutes one
more area susceptible of further research. The availability of advanced monitoring, measuring
and communication systems, such as AVL/GPS, and APCsystems,allows for more detailed
and accurate measurements and PT-related data, which, if appropriately exploited, may
improve significantly the performance of the strategies.

A final area susceptible of further research relates to the weakest point of all available real-
time rule-based strategies, which is their inability to efficiently accommodate multiple,
competitive or not, priority requests. As mentioned earlier, some researchers try to overcome
this problem by prioritising the received requests, while others try to identify the priority
method with the best overall effects. Despite these efforts, however, this issue is rather
difficult to handle within the frame of a rule-based strategy, and still offers a great challenge
for further investigation and development of new approaches.
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Table 2. Outline of proposed real-time rule-based PTP strategies.

Reference Priority conditions Priority methods Reactive/  Response to Minimum
proactive single/multiple requests implementation
response requirements

SCOOT (Hunt et al, 1982; Nash et al, Schedule adherence v" Green extension Reactive Single request service SVDs

2001; Oliveira-Neto et al, 2009) on FIFO basis

v’ Stage recall

v’ Stage skipping
SCATS (Lowrie, 1982; TCR, 1998; Schedule adherence v" Green extension Reactive Single request service SVDs
PRISCILLA, 2001; Gardner et al, 2009) on FIFO basis

v’ Stage recall

v' Stage skipping

v' Special stage

v’ Stage reordering

PRIBUSS (Wahlstedt, 2011) User-defined constraints v' Green extension Reactive Single request service SVDs

on FIFO basis
v’ Stage recall
v’ Special stage
v’ Retaken start
v Double early green
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Reference Priority conditions Priority methods Reactive/  Response to Minimum
proactive single/multiple requests implementation
response requirements

v" Double special stage

BCC-RAPID (Fox et al, 1998) Schedule adherence v’ Green extension Reactive Single request service SVDs

on FIFO basis
v’ Stage recall

SPRINT (Fox et al, 1998) User-defined constraints v' Green extension Reactive Single request service SVDs

on FIFO basis
v’ Stage recall
BALANCE (Tommey et al, 1998; Fox et v" Schedule adherence v’ Green extension Reactive Single request service SVDs
al, 1998) on FIFO basis
v' Traffic conditions v’ Stage recall
v’ Special stage
MOVA (Fox et al, 1998; Gardner et al, User-defined constraints v" Green extension Reactive Single request service SVDs
2009) on FIFO basis
v’ Stage recall
v’ Stage skipping

TRAFCOD (Furth and Muller, 1999) Unconditional priority Special stage Reactive Single request service SVDs

on FIFO basis

Balke et al (2000) Schedule adherence v Green extension Proactive Single request service AVL/GPS

v’ Stage recall
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Reference Priority conditions Priority methods Reactive/  Response to Minimum
proactive single/multiple requests implementation
response requirements

v’ Special stage
Wadjas and Furth (2003) Unconditional priority or v Green extension Proactive Single request services ~ SVDs
Schedule adherence on basis of delay
v’ Stage recall
TUC (Diakaki et al, 2003) Average traffic load of v' Green extension Reactive Single request service SVDs
competing stages on FIFO basis
v’ Stage recall
Kim (2004) Passenger load of buses v' Green extension Reactive Single request service v' SVDs
on FIFO basis
v’ Stage recall v' APC system
v' Special stage v" GPS
Kim et al (2005) Schedule adherence v Green extension Reactive Single request services ~ SVDs
on basis of delay
v’ Stage recall
Lee et al (2005) Expected effects on buses v' Green extension Reactive Single request service SVDs
on FIFO basis
v’ Stage recall
v’ Priority stage truncation
v Queue dissipation
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Reference Priority conditions Priority methods Reactive/  Response to Minimum
proactive single/multiple requests implementation
response requirements

Li et al (2005) v" Schedule adherence v Green extension Reactive Single request service v Loop detectors

on FIFO basis
v' Impacts to the rest of traffic v Stage recall v' AVL/GPS
SPRUCE (Gardner et al, 2009) Schedule adherence Offset modification Reactive Single request service SVDs
on FIFO basis
Skabardonis (2000) and Skabardonis and v Queue presence v’ Green extension Reactive Single request service v Loop detectors
Geroliminis (2008) on FIFO basis
v" Schedule adherence v’ Stage recall v AVL
v’ Spare green time v’ Special stage
v" Bus route progression
Liao et al (2008) and Liao and Davis v" Schedule adherence v Green extension Reactive Single request service v' AVL/GPS
(2011) on FIFO basis
v’ Passenger number v’ Stage recall v WCS
Ekeila et al (2009) Unconditional priority v’ Green extension Reactive Single request service AVL
on FIFO basis
v’ Stage recall
v Cycle extend
Shen and Kong (2009) v Bus stopping at traffic lights ~v" Green extension Reactive All competing PT v’ SVDs
vehicles are considered
v’ Efficient green time / cycle v’ Stage recall under the specified v' AVL

70



e

END

XEIPHEIAKD MPOTPAMR

EZI'IA

% EKI'IAIﬂ.EYZH KAI AIA BIOY MABHEH 107-2013
\.i 1.,.:' .'r £ / ) I o
t* . H=] ;" I mpérpopps yo wv avimméa
YNOYPIEID NAIAEIAL & BPHEKEYMATON. MOAITIEMOY & ABAHTIEMOY EYPOMAIKO KOINOMIKD TAMEIO
EvpwnaikfEvwon EI!AIKH YMHPEZIIA AIAXEIPIZHE
Evpumaoicd Konaevmo: oytsle MEe Tn ouyypnuarobdétnon tng EAAadag kol tng Evpwmaikrig Evwong
Reference Priority conditions Priority methods Reactive/  Response to Minimum
proactive single/multiple requests implementation
response requirements
time ratio conditions
Kuang and Xu (2012) v’ Passengers delay v’ Green extension Reactive All competing PT SVDs
vehicles are considered
v PT vehicles delay v’ Stage reordering under the specified
conditions
Hounsell and Shrestha (2012) Headway of bus compared to v Green extension Active Single request service SVDs
scheduled headway of following on FIFO basis
bus v’ Stage recall
Lin et al (2013) v’ Total passenger waiting time v" Green extension Active All competing PT AVL/GPS

v' Total person delay

v’ Stage recall

vehicles are considered
under the specified
conditions
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Concerning real-time, optimisation-based strategies, Table 3, which summarises the review
findings of Section 7.2.2.2, indicates thatthe first efforts referred to PT-weighted approaches,
i.e. approaches that are integrated within the frame of a more general signal control
strategy,usually of a hierarchical structure. Priority is not provided in the sense of the direct
switching of the traffic lights to allow a detected PT vehicle to cross the junction without the
need to stop. Instead, the detected PT wvehicles are used to appropriatelychargethe
corresponding performance indices, so that the optimisation results will favour their
movements.

This approach allows for the consideration of multiple priority requests, it does not consider
though criteria such as schedule adherence, passenger delays and waiting times, etc., which
seem to be critical for the effective and reliable operation of PT services. For this reason, the
recent trend, in optimisation-based strategies, is PT-oriented strategies, which focus on the
operation of PT vehicles, may or may not consider the rest of the traffic within their
optimisation procedures, and are often activated only when PT vehicles are detected to
approach signal-controlled junctions.

PT-oriented optimisation-based strategies develop performance indices, which may combine
several priority criteria, as rule-based strategies do. Instead, however, of the use of rules to
identify an appropriate priority method, such as green extension, stage recall, etc. these
strategies optimise in real time the developed performance index to identify the appropriate
signal parameters. An appropriatesolution method in this respect is dynamic programming,
using as control variable the decision to switch or not from the currently running stage to the
next. This approach was initially introduced in the COP (Controlled Optimization of Phases)
(Sen and Head, 1997) signal control algorithm, which lays at the lower level of the RHODES
signal control system. LP and MILP, as well as heuristic algorithms, GAs and ANNs have
also been used.
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Table 3. Outline of proposed real-time optimisation-based PTP strategies.

Reference

Weighted / oriented
PT treatment

Cost function (to be minimised)

Response to

single/multiple requests

Minimum implementation
requirements

PRODYN (Farges et al, 1983; TCRP, 1998)
SPPORT (Han and Yagar, 1992; Dion and
Hellinga, 2001)

UTOPIA/SPOT (TCRP, 1998; Wahlstedt,
2011)

DARVIN (Duerr, 2000)
RHODES/BUSBAND (TCRP, 1998;
Mirchandani et al, 2001)

RHODES/CAPRI (Mirchandani and Lucas,
2004)

MOTION (Busch and Kruse, 2001; Gardner et
al, 2009)

Liu et al (2003)

(Vasudevan and Chang, 2001) and Vasudevan
(2005)

PT-weighted

PT-weighted

PT-weighted

PT-weighted

PT-weighted

PT-weighted

PT-weighted

PT-weighted

PT-oriented

Total delay

Linear combination of stops, delay,
and travel time of all vehicles
Function of traffic state
Combination of delays and stops of
all vehicles

Total delay (or stops or queue
lengths)

Total delay (or stops or queue
lengths)

Function of traffic state

Average delay of all vehicles

Function of bus schedule delay,

automobile and bus passenger delays,
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Response to multiple
requests

Response to multiple
requests

Response to multiple
requests

Response to multiple
requests

Response to multiple
requests

Response to multiple
requests

Response to multiple
requests

Response to multiple
requests

Response to single

requests; consideration of

SVDs

SVDs

SVDs

SVDs

SVDs

SVDs

SVDs

SVDs

v' AVL/GPS
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Reference Weighted / oriented Cost function (to be minimised) Response to Minimum implementation
PT treatment single/multiple requests requirements
and vehicle delays multiple requests possible

v" APC system

Li et al (2008) PT-oriented Weighted sum of traffic delay and Response to single AVL/GPS
bus delay requests

CCBP (Ma and Yang, 2008; Ma et al, 2010) PT-oriented Gap between estimated and permitted  Response to single AVL/GPS
bus delay requests

Ma and Bai (2007) PT-oriented Average person delay of all priority Response to multiple v" AVL/GPS
requests requests

v' APC system

Ma et al (2012) PT-oriented Weighted bus delays considering Response to multiple v AVL/GPS
both bus occupancy and schedule requests
deviation v' APC system
Head et al (2006, 2007) PT-oriented Delay of all vehicles requesting Response to multiple AVL/GPS
priority requests
He et al (2011a) PT-oriented Delay of all vehicles requesting Response to multiple Vehicle-to-infrastructure
priority requests; FIFO response to  communication system

requests for the same stage

PAMSCOD (He et al, 2011b) PT-weighted Total delay Response to multiple Vehicle-to-infrastructure
requests communication system

Christofa and Skabardonis (2011) and Christofa PT-oriented Total person delay Delay-based response to v' AVL/GPS

etal (2012) single requests

v' APC system
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Reference Weighted / oriented Cost function (to be minimised) Response to Minimum implementation
PT treatment single/multiple requests requirements
Zhao et al (2013) PT-oriented Bus travel time FIFO response to single AVL/GPS
requests
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This new-generation of optimisation-based strategies offers the ability to consider multiple
priority criteria, the complexity of the resulting problems though seem to create problems for
real-time applications, and the development of optimisation algorithms capable in this respect
is an issue for further research and development. Farther main issues for further research and
development include:

e Provision of priority under signal coordination; and
e Consideration of multiple requests.

Despite the significant advances in the state-of-the-art of reactive optimisation-based
strategies, the state-of-practice, as the review of Section 8 indicates,still demonstrates
insistency to the reactive, rule-based strategies, with an increasing tendency towards the
conditional ones. It seems that, despite their inability to adequately address the issue of
multiple requests, the direct and occasionally aggressive priority, which may be provided by
the rule-based strategies, still remains the subject of research within an internationally
community that calls for solutions, which will evidently improve the PT operations and
promote their use.
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10. Conclusions

In the years to come, PT will be called to play an increasingly significant role towards
achieving the sustainable transport system objective that has been set for the future, in Europe
and beyond. To this end, the quality, accessibility and reliability of its operations should be
improved. In this context, the favourable treatment of PTMs within the road network may
have, among others, a significant contribution. This favourable treatment can be derived as a
result of an appropriate design of the road network facilities and/or the employed signal
control at the network junctions.

Facility-design-based measures are employed in case of PT vehicles moving in mixed-traffic
lanes, such as buses and trams. Such measures include different adjustments of the road lanes,
so as to include EBLs, HOVs and reversible lanes, or in case where road capacity needs to be
preserved as much as possible, IBLs, DFs and BLIP. Other facility-design-based measures,
that may also be employed to provide the desired priority without affecting the signal control
of the network junctions, include bus-only roads and busways, bus gates and rising bollards,
as well as bus advance areas.

As far as signal control is concerned, several adjustments of the traffic lights may be adopted
to provide PT vehicles a favourable treatment at the network junctions. This favourable
treatment, which is called priority, may be provided at different levels depending mainly on
the type of the PT vehicle.

Depending on the specific requirements that the provision of priority aims at addressing,
several different signal-control based PTP strategies have been developed and applied
worldwide. A first classification distinguishes them as fixed-time versusreal-time, depending
on whether the priority decisions are made in real-time in response to arrivingpriority
requests. The real-time strategies may be further classified according to several criteria. The
first criterion addresses the reactive versus predictive nature of the priority strategies, and
distinguishes them as reactive versusproactive, depending on whether they respond to
requests of PT vehicles at the time they approach a junction or earlier in time. The second
criterion distinguishes the strategies to rule-based versusoptimisation-based, depending on
whether their control decisions are based on a set of identified criteria or on the optimisation
of an appropriately defined performance index.

The conditions, which may be considered by real-time, rule-based PTP strategies, mainly
concern schedule or headway adherence, as well as the overall traffic conditions, while
priority is usually granted via green extension and stage recall. On the other hand, total delay
seems to be the main concern of the optimisation-based PTP strategies.

The relevant scientific literature offers a few examples of fixed-time PTP strategies, and
numerous examples of real-time PTP strategies, mainly of a rule-based nature. A similar
tendency is observed in the practical applications of PTP systems, where the real-time, rule-
based strategies constitute the vast majority of the adopted strategies. It seems that, despite
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their inability to adequately address issues such as the service of multiple requests and the
provision of priority under coordinated signal control, the direct and occasionally aggressive
priority, which is provided by the rule-based strategies still remains the prime subject of
research and development within an internationally community that calls for solutions, which
will evidently improve the PT operations and promote their use.
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English-Greek dictionary

Active PTP strategy

Antagonistic traffic streams
Approach

Automatic vehicle location system
Busbypass

Bus advance area

Bus gate

Bus lane with intermittent priority
Bus-only road

Busway

Compatible traffic streams
Compensation

Conditional PTP strategy
Contra-flow bus lane

Coordinated signal control
strategies

Crossing area

Cycle time

Dedicated bus lane
Differential PTP strategy
Dynamic Fairway

Early green

Exclusive bus lane

Facility-design-based PTP
measures

Fixed-time PTP strategy

Fixed-time signal control strategy

Global positioning system
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ZTPaTNyIKN TOPOYNG TPOTEPULOTNTAS GE TPAYUATIKO YPOHVO
AVTOy®OVIGTIKG pEOLLOTO KOKAOQOPING

[IpdcPaon

ZOOGTNLUA CVTOUOTOV EVTOTIGHOD OXNUATOV
Aopidarapdkapyncremeopeiov
[Meproynmpom@bnonciempopeion

[ToANAe®@opeiov

Aopidorempopeiovpe SIOKOTTOUEVT TPOTEPULOTN T
Apdpog povo yio Aeweopeio

Aew@opetddpoog

Sopfotd pevpoto KokAopopiog

Anolnpimoon yuo Topoy| TPOTEPALOTNTOG

ZTPaTNYIKN TOPOYNS TPOTEPALITNTOS VIO OPOVS
Awopida Aeopopeiov avtifetn oto pedpo Kukhopopiog

ZTPaTNYIKN ] GUVIOVIGUEVOD EAEYYXOL GTLLOTOOOTNONG

[eproyn dacTadp®ONG

[Mepiodog onpoToddTong

A®pida 0TOKAEIGTIKT KUKAOQOPIoG AEDPOpEiDY
ZTPOTNYIKY| TAPOYNG TPOTEPALOTNTOS VTTO OPOVG
Avvaypukn 086g

Avdaxinon otadiov

Aopida anoklelotikn kKuklopopiag Aewpopeinv

Métpa mapoyng npotepatdmtog Paon oyedacod VITodoung

ZTpaTNyIKN TOPOYNG TPOTEPULOTNTAS GTAHEPOV YPOVOL

ZTpaTNnyIKn EAEYYOV POTEWNG GNUATOSOTNOTG 6TADEPOD
XPOVOL

[Maykoopo cvotnia eviomicpov éong
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Green extension
Green split
Green time
Green wave

Hierarchical signal control
strategy

High occupancy vehicle lane
Inhibition

Intergreen

Intermittent bus lane

Isolated signal control strategy
Junction

Local PTP strategy

Lost time

Mixed-traffic lane
Network-wide PTP strategy
Off-line PTP strategy

Offset

Optimisation-based PTP strategies
Passive PTP strategy

Phase

Pre signal

Proactive PTP strategies

Queue Dissipation
Queue jump
Queue jumper lane

Reactive PTP strategy

Real-time PTP strategy
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apdraom gpdvov mpdsivng EvOeEng
TyeTIKn OLAPKELD XPOVOV TPUGTVOL
Xpbdvog mpacivng EvosiEng

[Ipdovo kdpa

Lepapyixn oTpoTNyIK) EAEYXOV POTEWVNG CLOTOSOTNONG

Aopida oxnuatmv VYnANRg TANPOTNTAG
AVOOTOA TOPOYNG TPOTEPAUOTITAG

Evdibpecog xpovog petald mpdcvav evosiemv 1 volbipecog
xXPOVOG

Awkomtopevn Awpida kukAoeopiog Aewpopeiny
ZTPaTNYIKN LELOVOUEVOD EAEYXOL PMTEWVNG OTLOTOJOTNONG
Koppog

Tomikn oTpaTNyIK TOPOYNG TPOTEPULOTNTOS
AmoAvpévog 1| yapévog xpdvog

Awopidag pektng kokiopopiog

ZTpaTNyKn TAPOYNG TPOTEPULOTNTAS SIKTVOL
ZTPATNYIKN TOPOYNG TPOTEPULOTNTAS GTAOEPOD YPOVOL
Xpovikn petatémion

ZTpoTnyIKn Topoyng TPoTEPUOTNTOG e feATioTOoNOING
ZTPaTNYIKN TOPOYG TPOTEPULOTNTAS GTAOEPOV YPOVOL
ddon

[IpogtdomomTikog POTEVOG GNUATOSOTNG

[IpoPAentikn oTPATNYIKN TOPOYNG TPOTEPULOTNTAS GE LECH
nalikng petagopdc

Atdloon ovpdg oynuatov
[poonépaom ovpdv
Aopida TpooTEPACNG VPOV

Enrevepyovuevn otpatnyikn mopoyns TpotepardTrag o€ HEGH
Halikng petapopac

ZTPaTNYIKN TOPOYNG TPOTEPULOTNTAS GE TPAYUATIKO YPOVO
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Recovery

Red time

Red truncation

Retaken start
Reversiblebuslane
Risingbollards
Rule-based PTP strategy
Saturationflow

Selective vehicle detector
Signal cycle

Signal staging

Signal-control-based PTP
measures

Stage

Stage recall

Stage re-ordering
Stage rotation

Stage sequence
Stage skipping

Stop line

Traffic lane

Traffic signal
Traffic signal aspect
Traffic stream

Traffic-responsive PTP strategy

Traffic-responsive signal control
strategy

Transition
Unconditional PTP strategy
Variable message sign

With-flow bus lane
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AVAKTNoN CLVTOVIGHOD

Xpdvog koOKKIvNG EVOEIENG

Avdaxinon otadiov onpoTodoTNoNg
Emavévapén otadiov

Avootpéyiun Ampida kuklopopiog Aewpopeinv
Avepydueveg KOAMOVEG

TTpatnykn Topoyng tpoteputdTnTag PacilOpeVT o8 KAVOVE
Pon xopeopon

Emihextikdg aviyvevtg oynubtov

Kvrhog onpotoddtnong

Alay®plopdg onpatodoTnong o€ oTadi

Métpa mapoyng TpotepatdTrag PAon &YYoV POTEWVNG
ONUOTOSOTNONG

Z1ad10

Avdaxinon otadiov onpaTodoTnong
Avodibradn otadiov
IepioTpoen otodinv
Awdoyn ctadiov
IMopdretyn otadiov
I'papun dtakonng mopeiog
Awpida kukAo@opiog
DoTEWVOG ONUATOSOTNG
‘Oyn onpotodot

Pevpo kokhopopiog

ZTpaTNYIKN TOPOYNG TPOTEPULOTNTAS GE TPUYLATIKO YPOVO

ZTpatnyIKn EAEYYOV POTEWVIG GNUATOSOTNONG GE TPOLYLOATIKO
xpovo

Metafoon o€ cuvTovVIGHO
ZTpaTNYIKATOPOYNGTPOTEPAOTNTASAVEVOPWV
[Mivaxoag petafAntd@v unvopdtov

Awpida Aew@opeiov TapdAAnin 6To pevpo KUKAOPOPLaG
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Greek glossary of terms

Avoodiaraln orodiov (Stagere-ordering)

Avarxinonoradiov
(Earlygreennredtruncationnstagerecall)

Avaxtnon ovvroviouov (Recovery)

Avaotods mopoyns TpoteporoTNTaS
(Inhibition)

Avaorpéyiun lwpido. kokiopopiog
Aewgopeiwv (Reversiblebuslane)
Avepyoueves koroves (Risingbollards)

Aviaywviatikd. peduato. KokAopopiog
(Antagonistictrafficstreams)

Amolnuicwon yio. mapoyn mpoTeEPaLOTHTOC
(Compensation)

Amolvuévog i youévog ypovog (Losttime)
Tpoyyn droxomng wopeiag (Stopline)

Modoyn oradiwv (Stage sequence)

Aroxomrouevy Awpida kvkiopopiog
Aewgopeiwv (Intermittentbuslane)
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MéBodog Tapoyng TpoTEPAUOTNTOG KATG TNV OToia
Tpononoteital 1 S1d0yT TV 6TAdi®V GNUATOdOTNOTS,
dAadn evepyomoteitat Eva 6TAd0 TOL EMETAL, TPV OO TNV
KOVOVIKT TOV GEPA €161 MoTe va eEumnpeOel éva aitnua
TPOTEPOLOTNTOG.

Mé0060g Tapoyng TpoTepAdTNTAG KATH TV OmToid
TPAYLATOTOLEITOL OVAKAN G EVOG GTASIOV GNOTOdOTNONG
TO GLVTOUOTEPO dVUVATO, GE MEPITTMOT] TOV TO LEGO
polikng petapopds etdcel 6tov KOpPo ot didprelo Tov
KOKKIVOU GHLOITOC.

AwodtKacio oV YP1OYLOTOLEITOL LETA TNV TAPOYN
TPOTEPALOTNTOG Y10 VO AVOKTHGEL O KOUPOG, TOL omoiov M)
ONLLOTOdOTNON TPOTOTOONKE, TO GUVTOVIGUO TOV LLE TO
vroroumo SikTvo.

[Tepropiopdg g cLYVOTNTOG e TNV OOl TOPEXETOL
TpoTEPALOTN T 08 PEGO LalIKNG LETOPOPAS O€ Eva KOUPo.

Awpida kukAopopiog Aew@opeiny 1 omoia xpnoyLomoteitol
TPOG TN Lol KaTehBuvon Yo KATOo TUNLA TG NUEPOS Kol
TPOG TNV AAAN KatevOLVOT Y10 KATTO0 GAAO TUNLLOL.

E1dikéc koloveg o1 omoieg mapepnodilovyv T YeviKn €i6000
OYNUATOV Gg KATO TEPLOYT Kol KATEPAIVOLV Yo VL
EMUTPEYOLV TNV €i0000 68 Aemopeio 1 GALA OY1LOTO TTOV
xpovv TpotepaIdTNTOC.

Pedpata kukhopopiag mov dev pmopovv va dlacyicovy
TOVTOYPOVO, LLE ACPUAELD, EVOV KOWPO.

ITapoyn mepiocdtepov xpodVOL TPacGivov ota
AVTOYOVIOTIKO KUKAOQOPLOKE PEVLLOTO LETA TNV
e&umNpETNOT EVOG OUTNHLATOG TALPOYNG TPOTEPALOTI TG,

O %pdvog evOG 6TAGI0V TTOV KATAVOADVETAL OTLG EKKIVIGELG
TOV OYNUATOV, TNV EKKEVOGT TOL KOUPBOV amd To. Oyt
Kot 6€ TUYOV TEPLOSOVG KABOAIKNG KOKKIVNG EVOEIENG.

H dwypdppon oto onpeio prog tpoécfaons nicm ond v
omoia ctoyyifovTatl Ta oyt OToV T0 KUKAOPOPLoKd
pedua g TpocPacng Ppicketat og avopovn.

H mpoxaBopiopévn KoKk Gepd Katd TV omoia
dradéyeTor To £va 6TAd10 TO GAAO OTN SLAPKELL TNG
TEPLOG0L TOV KVKAOL CTHATOSOTNONG.

Awpida kuklopopiog 1 onoia BpickeTon oto de&i Tpumqpa
TOV JPOLOV KOl LETOTPETETOL GE AMPIdU AMOKAEIGTIKNAG
xpoNG amd Aeweopeia, pévo 0tav Aempopeio Kiveital oe
avtv. Eivar eEomliopévn pe e1dikn pmtevn onpaven Kot
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A16Avon ovpag oynudTwv
(QueueDissipation)

Aoy wpiopog onuoToo0THoNS o€ OTAIIO!

(Signalstaging)
Apouog povo yia Jewpopeio. (Bus-
onlyroad)

Avvogariy 006¢ (Dynamic Fairway)

Evoiaueoog ypovog uetald npaoivaov
eVOEILewV i EVOIGUETOS YPOVOG
(Intergreen)

Eravévopén aradiov (Retaken start)

Erevepyoduevn otpatnyikn mopoyng
TPOTEPALOTNTOG OE UEGO, UOLIKNG
uetapopas (ReactivePTPstrategy)

Emidextinog aviyveotng oynudrwv
(Selectivevehicledetector)

Lepopyixn arpoTnyikn A&yyov pwTEIVHG

ONUOTOIOTHONG
(Hierarchicalsignalcontrolstrategy)
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TIVOKEG LETOPANTAOV UNVOLAT®V TOV EVILLEPDVOLY TOVG
00Myovs Yo TNV TpEYOVG KatdoTtacn xpnong tme. Otav
éva Aem@opeio €16€A0eL 6T Apida avTh, TO OXNLOTO TTOV
1non Ppiokovtar vidg g dev givar vIoypedpEva va

QoY MPNCOLV, AAAG Oev emiTpENETOL VO EIGEADOVV AL
oynuata prpootd 6to Acmeopeio. Otov T0 Ae@wpopeio
e&ENDeL amd T ovYKEKPEVT Awpida, ot TapadideTol
KoL TAAL 6TO GOVOAO TNG KVKAOPOPIaG.

Mé0060g Tapoyng mpotepatdTnrag Katd tv omoio divetot
TPAOIVO 6T0 6TAS10 TOL KVKAOV GTLOTOdOTNONG TTOV
e&umnpetel v kivnon tov pécov palikng HeETaPopd,
HEYPL aVTO VO PTAGEL 6T 6TACT TOV PEGOAUPEL HeTaED TG
Tp€xovcag BEcnG Tov Kat Tov KOpPBov. X1 cuveyEln diveTat
KOKKIVO 6T0 G6TAO10 anT0, £T01 MGTE OGO TO PEGO HOLIKNG
petapopds Ppioketatl otn otdomn vo e&umnpetndovv ta
OVTOYOVIGTIKA KUKAOQOPLOKE PEVLLOTO.

O ap1Bude, n ovvbeon kot n dadoyn TV otadimv
onuatodotnong evog koppov.

ApOUOC GTOV 0010 ATTOYOPEVETOL 1] £IG0S0G OA®V TMV
oYNUAT@V TANY Ae@POPEI®V Kot EVOEYOUEVOG GANDY
oynuétv mov xpHovy TPOTEPULOTNTAS.

Haparrayn g dtakontdpevng Aopidag Aew@opeimv.
Bpioketor ot péon ov Spdpov Kot Eumnpetel TpayL.

To otaBepd ypovikd daotna Tov TapepPdiletal
AVALESO GTO TEAOG TNG TPACIYNG £VOEIENG TOV GTAdI0V
ONULOTOdOTNONG TTOL TEPLOTICETAL KOt TNG ApYNS TG
TPACIYNG £VOEIENG TOL eMOLEVOL GTAdIOV, [1E 6THYO Va
amo@evydel vOEYOLEVT] EUTAOKN TOV AVTAYMOVIGTIKOV
PEVUATOV KUKAOPOPIOG TOV S1000YIKAOV 6TAdIMV.

MéB0dog Topoyfg TPOTEPAULOTNTAS KATE TNV OmToio
Tpoypatonoleitat eravévoapén tov otadiov mov eEumnpetel
70 péco palkng HeTapopds mov tpooeyyilet Tov kOufo, av
dev €yet dobet axopa Tpdovn Evdelln yio Ta
AVTOYOVIOTIKA KUKAOQOpLakd pevpota (dniadn kotd T
dtpketo Tov evitdpesov ypdvov).

ZTpatnyikn Tov xepileTon oTaTo TOPOYNS
npotepaldTTOG TOV AapPavel and péco polikng
LETOPOPAS TNV PO TOL AVTA Tpoceyyilovv Tov kOpPo
GTOV 01010 CTOVVTOL TPOTEPALOTT|TA.

Yvompa aviyvevong oynpétov to omoio £xel
duvatdTTa va dlakpivel Tov THTO TOVG.

Stpotnykn eréyyov mov Paciletar o€ o tepopyikn doun
V0 TOLAIYIGTOV EMTME®V. LTO OVATEPO EMITESO
AapBavovTal 0moQAcELS Yo TO GOVOAO TOL EAEYYOLEVOD
00100 SIKTVOV, EVH OTA KATAOTEP eNimeda AapPavovtol
ATOPAGELS TOL APOPOVV EITE GE LUKPOTEPO TUNLLOTA EiTE
Kol G€ LEPOVOLEVOLS KOUBOLS PACEL TV TOTIKMOV
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Evpwmaikn 'Evwon
Evpwmaixd Konvwvikd Tapsio

Koupog (Junction)

Korlog onuarodotnong (Signal cycle)

Aewpoperodpouog (Busway)

Awpida amorlerotikn kvkAopopiog
Aewpopeiwv
(Dedicatednexclusivebuslane)

Awpida kvrlogpopiog (Traffic lane)

Awpida lewpopeiov avtifetn ato peduo
xvrlopopiog (Contra-flowbuslane)

Awpida lewpopeiov ue droxomtouevn
TPOTEPALOTHTO.
(Buslanewithintermittentpriority)

Awpida rewpopeiov mopdrinin oto
pevuo. koklopopiog (With-flowbuslane)

Awpida peiktig kvkiopopiog (Mixed-
trafficlane)

Awpida oynuotwv vyning tAnpotnrag
(Highoccupancyvehiclelane)

Awpida wopdropuwyns Aewpopeiov
(Busbypass)

Awpida mpoonépoons ovpwv
(Queuejumperlane)

YNOYPTEIO NAIAEIAL & BPHEKEYMATON, MOAITIZEMOY & ABAHTIEMOY ¢

EIAIKH YINHPEZIA AIAXEIPIZHZ

EMIXEIPHZIAKO NMPOrPAMMA
EKMAIAEYZH KAI AlA BIOY MAGHZH

ki

=

Me tn ouyypnuarodortnon tng EAAadag kai tng Evpwmaikng Evwong

KUKAOQOPLOKODY GUVONKOV.
H ovvdavinon dvo 1 meplocodtep@v 0dmV.

Mo TApng dadoyn OAmv TV evdeifewy TV
ONUOTOd0TAOV £VOG KOUPOV.

MWpog droyopiopévo Tune SpOLOL 6To 0TOi0 KIVouvTaL
Hovo Ae@@opeia Kot EVOEYOUEVMG KO GAAL O IATO, TTOV
xPNEOVV TPOTEPAOTNTOG,

Awopida kuklopopilog 6TV onoio eTTpENETOL M
KukAopopia Aewpopeimv, Kabmg kot GAADV OYNUATOV TOV
xpovv mpotepardnTOC.

Tunuo TtpdoPacng mov XPNGILOTOLEITOL OO OYNUATA
dwateTaypéva o €vo o amd To GANo.

Awpida kukAopopiog 1 omola ypnoLonoteitot amod
Aewopeia, To omoio Kvovvtal o€ katevBuvon avtifetn
amd OVTIH TOV VTOAOITOV TAPAAANAL KIVOOLEVOV
OYMNUATOV.

Aopida KuKAOPOPiog 1) 0Tolo PLETATPENETOL GE AmPida
ATOKAEIOTIKNG YpNoNG amd Aewopeia, Lévo Otav
Aewopeio kveiton g avtiyv. Eivar eEomAiopuévn e e1dtkn
QMTEWN CNULAVON KO TIVOKEG LETAPANTOV LNVOULATOV TOV
EVILEPDVOLY TOVG 00N Y0VG va eEEABoVV amd TN Awpida
Katd TV €600 ToL Aew@opeiov og awthv. Otav to
hewoeopeio e£EMBeL amd T GuyKEKPIUEVN Apida, avTh
ToPpadidEToL Kot TAAL GTO GUVOAO TG KLKAOPOPIaG.
Amotelel maporhoyn TG S10KOTTOUEVN G ADPIdOG
Ae®@OpEi@V.

Awpida kukAopopiog 1 orola ypnoionoteitot amod
Aewopeia, Ta omoio Kivovvtal otV dta katevBuvon pe
VTN TOV VIOAOIT®V TaPEAANAO KIVOOUEVOV OYNULATOV.

Awpida kukhopopiog 1 omoia propei va ypnoiporotndei
amd Olo Ta oY HOTA.

Awopida kukAo@opiog TNV onoio. HTopovV va
YPNOLULOTOWGOVV oYUt 6Ta 0moia EMPaivovy
TovAdytoTov 2 emiPared.

Tunuo 0popov 10 omoio eMTPENEL o8 Ae@POPEIQ va.
TOPAKALYOLV TOYOV KUKAOPOPLOKT] GUUPOPNGT) TOV
GLVOVTOOV GTHV TTopEia TOVG.

Mikpo¥ punKovg Ampida KLKAOPOPING TOV YPTGLULOTOLELTOL
Yo va dMGEL TNV evKpio ot péca Palikng HETAPOpas vo.
TPOGTEPAGOLV TOL OYNILOTO TOL KIVOUVTOL TOPAAANAQ [UE
OVTE KO VO TPOTOPEVTOVY KATA TNV Kivnon Tovg mpog Tov
KOUPO. e TOAAEC TEPUTTMGELG 1) YPNOT TG SVVOLALETAL [
TPOELSOTOINTIKOVG POTEWVOVG OTLOTOSOTES.
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Evpwmaikn 'Evwon
Evpwmaixd Konvwvikd Tapsio

Merafoon oe ovvroviouo (Transition)

Métpa mopoync mpotepaiotyag faon
oyedraouov vrooouns (Facility-design-
basedPTPmeasures)

Méwpo mapoyns mpotepordtntag faon
eAEYYOL PTEIVIG ONUOTOIOTHONS
(Signal-control-basedPTPmeasures)
Oymaonuorooory (Traffic signal aspect)

Haykoouio odotyua eviomouod Oéong
(Globalpositioningsystem)

Hopadlewyn otadiov (Stage skipping)

Hopdroaon ypovov mpdoivig Evoeing
(Greenextension)

Iepiodog onuozodotnongs (Cycle time)
Ieproyn dacravpwong (Crossing area)
Heproyn mpowbnong Aewpopeiov

(Busadvancearea)

Iepiotpopn oradiwv (Stage rotation)

Hivaxog petafintav unvoudtwv
(Variablemessagesign)

Ipaoivo koua (Green wave)

YNOYPTEIO NAIAEIAL & BPHEKEYMATON, MOAITIZEMOY & ABAHTIEMOY ¢

EIAIKH YINHPEZIA AIAXEIPIZHZ

EMIXEIPHZIAKO NMPOrPAMMA
EKMAIAEYZH KAI AlA BIOY MAGHZH

ki

=

Me tn ouyypnuarodortnon tng EAAadag kai tng Evpwmaikng Evwong

Awdicocio Tov ypnoonoteitat Hetd TV Tapoyn
TPOTEPALOTNTOG Y10, VO AVOKTHGEL O KOUPOG, TOL 010iov 1)
ONLOTOSOTNON TPOTOTOONKE, TO GUVTOVIGUO TOV LE TO
vroromo diktvo. Mowdlet pe v dadikacio avaKTnong
GULVTOVIGHOV LE TN dtapopd OTL 1 petdfaon ETOTPEPEL TOV
KOpPo og cLVONKEG CLUVTOVIGLOD LE TTo OUAAD TPOTO amd
OTL OTNV AVAKTNON.

Métpa. ta omoio TPoSTaHovV VoL ELVONGOVV TNV Kivion
TV Héowv polIkng HEToeopds,pactiopevo otov
KATAAANAO GYESOGUO TOV VITOSOUDY TOV 0SIKOV SIKTVOV.

Métpa ta omoia Tpoomafovv vo E0VonGovV TNV Kivnon
TV Hécwv HalIkng LeTaeopds, Bactiopeva o€ KOTAAANAEG
pLOUIGELS TG POTEIVIG ONUATOSOTNONS.

Tunuo Tov oNuUatoddt oL EAEYYEL Ui 1) TTEPIOCOTEPES
KW OELG TPOG i KatevBuvon.

YHotnua to onoio £xel TN duvaTodTHTA VO ToPEXEL aKpLPelg
TANpoeopies yia tn BEom evog onpeiov, To LYOUETPO TOL,
™V Tayv T Kol TV katevbouvon tng kivnong tov.

Mé€B0dog Topoyfg TPOTEPAULOTNTAS KATA TNV OmToio
EMTPEMETAL 1] TOAPAAELYT KATOLOV/@V 6Tadi0v/imV amd TV
KOVOVIKY 010001 LE GTOXO £VOL GUTTLLOL VIO TPOTEPOLOTITAL
va tkovormomBel To cuvTopdTEPO dSLVATO.

MéBodog Tapoyng TpoTEPAUOTNTOG KATG TNV OToin
EMEKTEIVETAL O YPOVOG TPATIYNG EVIEIENG OE TEPIMTMON TOV
70 PECO POlIKNG HETOPOPAS OVOUEVETOL VO PTACEL GTOV
KOUPO 6TO TELOG TNG SIAPKELNG TOV TPUGIVOL.

H ypovikn didpketa Tov KOKAOL OTLATOSOTNONG.

[eproyn Tov kOpPov TNV 0Toio S1UGTAVPDOVOVTIL Ol
TPoGPAcELS TOV.

Tunqpo SpoLoL T0 0010 EMTPENEL O AE@POPEID VO
TOPAKALYOVV OYN AT TOV GLVAVTOUV GTNV TOPELDL TOVE.

MéB0d0og Topoyfg TPOTEPULOTNTAS KATE TNV OmToio
TEPIOTPEPETAL 1] S1ad0YN TOV GTAdIOY GNUATOSOTNOTG £TCL
®oTe évo attnpo TpotepatdTTag Vo e&umnpetn el to
GLVTOUOTEPO dLVOTO.

[pdkertat Yo NAEKTPOVIKO Tivaka OV YPTCLOTOLEITOL
o710, 001Kd SiKTLa Y10 VO TOPEYEL GTOVG TAEOIDTEG
TANPOPOpPlES, TPOEOOTOMGELS K.AT.

H dnpovpyia pog suveyovg pong oxnudtov xopic
dtakomn AOY® KOKKIVNG £vOEIENG KoTd KOG oG 0600
mov mepthapPavet Lo oepd omd kOPovg ot omoiot
EAEYYOVTOL LE PMOTEWVOVG GTLOTOSOTES.
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Evpwmaiki} 'Evwon EIAITKH
Eupwmaixé Kowwvikéd Tapeio

Tpoplemtixn orpoTnyixn Topoyns
TPOTEPALOTNTOG OE UEGO, HOLIKNG
uetagpopag (ProactivePTPstrategies)

Tpoeidomontikog pwteIvog onpuatodoTnsg
(Presignal)

IpooPfaon(Approach)

Tpoorépaon ovpwv (Queue jump)

1IdAn Jewpopeiov (Busgate)

Pevuo kokdopopiag (Traffic stream)

Pon kopeopod (Saturationflow)

2radio (Stage)

2TpoTNYIKN ELEYXOV PWOTEIVAG
ONUOTOOOTHONG OE TPOYUATIKO YPOVO
(Traffic-

responsivesignalcontrolstrategy)

2TPOTNYIKN ELEYXOV PWTEIVAG
onuaTodotnong otabepod ypovoo (Fixed-
timesignalcontrolstrategy)

2Iparnyin HEUOVOUEVOD EAEYYOD
POTEWVIS GHUOTOOOTNONG
(Isolatedsignalcontrolstrategy)

2TpaTnyiKn Topoyng TPOTEPOLOTHTOS

EMXEIPHZIAKO NPOrPAMMA |
EKMAIAEYZH KAl AIA BIOY MAGHEH =% EZI—IA

ki

:\- LU D
=

YNOYPTEIO NAIAEIAL & BPHEKEYMATON, MOAITIZEMOY & ABAHTIEMOY  eveanaiko
YMHPEZIA AIAXEIPIEHZ

Me tn ouyypnuarodortnon tng EAAadag kai tng Evpwmaikng Evwong

ZTpatnytkn mov xewpiletat ocntnpata Tapoyng
npotepaldTTOG TOV AapPavel and péco palikng
LETAPOPAS OPKETN DPA TPV QVTA VAL TPOGEYYIGOLV TOV
KOUPO GTOV 0010 ATOVVTOL TPOTEPALOTITOL.

DwTEVOG ONULATOSOTNG TOV YPNCLULOTOLEITOL Y10 VO
KPOTHGEL TO. OOTIKE 0YALLOTO G 0mOoTACT] Amd v KOUPo
®OTE Vo dDGEL TNV guKapia 6To HEGO HolIkNG va
TPOTOPELTOVV KOTA TNV TOPEiD TOVS TPOG OVTHV.

0086¢ mov mpooeyyilel kOpUPo. Mropei va meptiappdvet pro
1 TEPLOGOTEPEG APIdES KUKAOQOPING, £xEL OLMG Lo
LLOVAOIKN KO aveEAPTNTI 0VPE OYMUAT@V.

MéBod0og¢ Tapoyng TPoTEPALOTNTAS KOTA TNV oToia diveTot
TPACIVO 670 PEGO HOLIKNG LETOPOPAG TPV OO TO, GAAML
OYNMOTO TOV KIVOUVTOL TOPAAANAQ (e aVTO £T0L DGTE VO
T0 TPOGTEPAGEL KO VOL TPOTOPELTEL KATA TNV Kivnon Tov
TPog Tov KOUPo.

Ynodopn 1 omoia ypnoiponoteital yio v ETTpEYEL TNV
€16000 £VTOG GUYKEKPEVNG TTEPLOYNG, LOVO GE Ae®POpELa,
LECHD POTEWVOV GNUOTOS0TMV 1 GAAOL €160VG GNLAVETS.

Pon oynuétov mov ypnotponotet pia tpoécPaon.

H péyiom xoukhogopiaxn pon mov dépyetot amd
ypappun dokomng mopeiag pog TpocPacng, OTav To
avtioTol o KLKAOPOPLaKd pEVLLO EYEL TPOTEPALOTNTO, T
avavtn {Onon 1 GAA®G 1 0VPE TOV OYNUATOV TOV
Bpickovrtal o avapovn Yo vo dlacyicovy tov Koppo givat
aPKOVVTOG LEYGAN Kal Ol KaTdvTn 0001 dev givar
Qpaypéves amd ovpég oxNUATOY.

To tpunpa g meptddov KTl T0 0moio £va GHVOAO PACEDY
hopfavel tavtoypovmg Tpaovo, dnhadn divetat
TPOTEPULOTNTO GE £V 1] TEPLGGOTEPA GLUPOTO PELLLOTAL
KukAoopiag o€ Evav koufo.

ZTpaTNYIKN 1 OToil0 ¥PNOYLOTOEL LETPNOELS OO TG
TPEYOVGEG KUKAOPOPLOKEG GUVONKEG, Y10 VO VTOAOYIGEL G
TPOYLLATIKO YPOVO KATAAANAES pLOLLiCELS Y100 TOVG
QOTEWOVG GNULATOSOTES.

Ipdkerton yio otafepd TAGVO GNUATOSOTNONG TTOL
avanTOGeovTal PACEL IGTOPIKAV pHeETPNoE®V oTafepng
{\Nong Kot T0GOCTMV GTPOPNG Y10 T SLOPOPETIK
KUKAOQOPLOKA pELLOTO KOl EQOpHOfovTaL GE
GULYKEKPILEVEG YPOVIKEG TEPLOOOVS TNG NUEPAS.

Ytpatnyn mov AMapPavel amopaoelg EAEYYoV HeEpOVOUEVE
v k60g koépufo Aapfavovtag vdyn LOVOV TIG TOTIKEG
KUKAOQOPLOKES GLUVONKEC.

2TpaTNyIKN 1 07010 TOPEYEL TPOTEPALOTNTA O OAM TOL LEGTL
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EMIXEIPHZIAKO NMPOrPAMMA
EKMAIAEYZH KAI AlA BIOY MAGHZH

ki

=
YNOYPrEID MNAIAEIAL & BPHEKEYMATON. NOAITIEMOY & ABAHTIEMOY EYPOMAIKO KOINONIKO TAMEIO
EIAIKH YITNHPEZIA AIAXEIPIEHL

Evpwmaikn 'Evwon
Evpwmaikd Konwvikd Te i
& o e Me tn ouyyxpnuarosortnon tng EAAadag kat tng Evpwmnaikng Evwong

avev opwv (Unconditional PTPstrategy) — pnalucc petaopds aveEaptnta and v KaTdoTac TouGs,

2TPaTNyIKn TOPOYNS TPOTENPOIOTHTOG
Paoi{ouevn oe kavoves (Rule-
basedPTPstrategy)

2IPOTHYIKN TOPOYNS TPOTEPOIOTHTAS
oiktoov (Network-widePTPstrategy)

2TPOTNYIKN TOPOYHS TPOTEPALOTHTOG IE
peinioromoinon (Optimisation-
basedPTPstrategies)

2TPaTNYIKN TOPOYNS TPOTEPOIOTHTOS OE
TPayUoTIKO YXpovo (Active i real-time 1
traffic-responsivePTPstrategy)

2TPOTHYIKN TOPOYNS TPOTEPOIOTHTAS
atabgpod ypovoo (Fixed-timenoff-linen
passivePTPstrategy)

2IPOTNYIKN TOPOYNS TPOTEPALOTHTAS VIO

opouvg (Conditionaln
differential PTPstrategy)

2Ipatnyikn GoVToOVIGUEVOD EAEYYOD
ONUATOOOTHONG
(Coordinatedsignalcontrolstrategies)

ZopPora peduorta kKvkiopopiog
(Compatible traffic streams)
2DoTHUO. AVTOUATOD EVIOTIGUOD
oynuUATOV
(Automaticvehiclelocationsystem
2xETIKN OLGPKELL YPOVOV TPAGIVOD

(Greensplit)

Tormikn arpoTnyiKn TOPOYHS
rpotepaiotyros (Local PTPstrategy)

Ddon (Phase)

Dwrervog onpoarodomng(Traffic signal)

aveEaptnrta dNAadn oo to av yperdlovol 1} Oyl 101K
petayeipion.

ZTpaTnyiKn TG 0noiog 01 AmoPAGELS Y10 TOPOYN
TPOTEPALOTNTOG G PEGH LalIKNG petapopds Paciloviot og
éva ohVOAO KpLTnpimv.

ZTPOUTNYIKN TOL TOPEXEL TPOTEPOLOTNTO OE PG HOLIKTG
LETOPOPAS TPOTOTOUDVTOS GUVTOVIGUEVO T POTELVY|
ONUOTOSOTNGON EVOG GLVOAOL KOUP®V.

ZTpatnNyikn TG 0noiog 0l amoPAGELS Yo TAPOYT|
TpoTEPALOTNTOG G HESH LalknG petapopds Pacilovtot
o1 Peltiotonoinon evog KOTAAANAQ oplopévon deiktn
ambd0oNG.

ZTpaTnNyikn Tov mopEYEL TPOTEPALOTNTA GE PEGO HOLIKNG
LLETAPOPAS OVTATOKPLVOLEVT GE OAVAYKEG TTOL OVIXVELOVTAL
GE€ TPAYLATIKO XPOVO.

[pdkertan ovclooTikd Yo 6Todepd TAGVA GNULATOSOTNOTG
oXESGUEVE £TCL MGTE VO EDVOOVV TIG KIVIOELS TV HEGMV

pHalikig petapopds.

ZTpaTNYIKN 1 OTOoi0 TAPEYXEL TPOTEPULOTNTA GE UEGOL
palikng LETAPOPAS HOVOV EPOGOV TANPOLVTOL KATOL0L OPOL
(.. T0 dynua oL auTEiTOL TNV TPOTEPAOTNTA ElVOL
KaBvoTEPNLEVO).

Ytpatnykn mov AMapPAvel anopaoelg EAEYYOV GUVOAKE Yo
éva Tpunpa S1ktHov 1 Kot 6A0 10 dikTVO PAcEL TOV
GUVOAK®Y KUKAOQOPLOK®DY GLVONKOV oV EMKpoTodV 68
avTo.

Kvrhopopiaxd pedpata mov propodv va dtacyicovv
TauTdYpOVae Kol e ac@iieta Evav KOpPo.

Yvomua to onoio £yl T dvvatdtnta vo, eviomiletl
QLTOLATA TN YE@YPAPLKT BEGT EVOG OY1LLOTOG.

H oyetucn duipkela Tov mpacvov kabe otadiov
oNUATOdOTNONG, MG TOGOGTO TNG TEPLOSOV
ONUOTOSOTNONG.

2TPUTNYIKN TOL TOPEXEL TPOTEPOLOTNTO OE HESA HOLIKNG
LETOPOPAS TPOTOTOLDVTOS TN PMTEWVY ONUATOdTNOT £VOG
LeHOVOUEVOD KOPPOL.

To ovvolo TV pevpdtov Kuklogopiag oynudTeV Tov
EAEYYOVTOL OTTO LU0 LOVADSTKT] O GIILATOSOTT.

O gEomMo O TOV YPTCYLOTOLEITAL Y10, TOV EAEYYO TNG
KukAopopiag oxnubtev Kot tefdv oe KOPBovg.

94



EMNIXEIPHZIAKO NPOIrPAMMA | _
EKMAIAEYZH KAI AlA BIOY MAGHZH Jf- E;_"A
7 o g ” 2007-2013
BT Jovérponso o v vt
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Eupwnaiki Evwon EIAIKH YMNHPEZIA AIAXEIPIZHE
Evpwmaixd Komnvwvikd Tapeio

Me tn ouyypnuarodortnon tng EAAadag kai tng Evpwmaikng Evwong

Xpovikn uetaromaon (Offset) To ypovikod duotpa peta&h evog ypovikod onueiov
avaQOPAS Kol TNG TPOTNG ELPAVIONG TNG TPAGIVIG
évdel&ng o pia amod Tig OYELg vOg oNUATOdOTY).
XpNOYOTOLEITAL G TEPINTTOOT] GLVTOVIGUEVOV EAEYYOV
Hog GEpAG KOUP®V Yo TN SNLovpyio TPActvoy KOLOTOG.

Xpovog kokkivyg évoeilns (Redtime) To xpovikod dibotnpa Kotd To onoio 1 Oy evog
onuatodotn epeovifel mv kokkivn Evoedn.

Xpovog mpdovng évoeilng (Greentime) To ypovikd didoTna Katd T0 0moio 1) OYT VOGS
onpotodoTn ELPavilel Ty Tpdaotvn Evoeldn.
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