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UNAREBNTHIRINAHE (Abstract)

Urban traffic congestion during peak period is the perpetual problem that could be alleviated
by better management through more efficient traffic signal control. Although there are many
traffic control systems available, the efficiency of their control in saturated traffic conditions
are not recognized. This research investigates several traffic control methods under various
traffic velume conditions, with focus on saturated traffic conditions. Several signal control
techniques are tested under three road configurations, an isolated intersection, a corridor,
and a grid network, during the period of traffic saturation. The signal control methods range
from fixed time to real-time adaptive control. Two main types of volume scenarios are tested;
constant and time-dependent. The efficiency of traffic operations in various traffic conditions
and signal control methods are then obtained. The analyses are mainly conducted using
CORSIM simulation. The impacts of the control on delay, queue, fuel consumption, and other
indicators are assessed. The results of each control are compared and the control that
yields the highest performance in each ftraffic scenario is disclosed. The results of the
résearch will lead to the better traffic control and operation which accounts for congested

conditions.
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nnnisasasfidiigniawanings wifsnspouan IiitBnneaeuean dannauanuinige
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o

ok, AA AI & i
AEnrecuandynuiniisnlfluan waserusilfsiall

e

e =l . - o & -
231 SEmensastimnussssiiiunaesnvialanuamssinediuiidnangmauenings
(Metering %38 Filtering)

nznsedtfunnamandigniauendngmiunismugmidaddssuousssa1uiidngnisuen
AngefiiuvdlunisdftRey 2 uwaoweRe  nosnssslrefansnainideinvRediessnnnaendaly
(Downstream) Tii#iewafiarlinguenaundiniauan (Upstream) naendnllfuee vidaduntmneaslay
- PR o ol JRpep. o o ey 2 o e ,
AayanamReliviuentaldfisnmwamasfiziy matiaeie 7 AldAenssnEunuamasilfotng iy ng
Wndty i@ lifuowufimdfiTinmuanasitliteuansnlunisiiinegeas  wadun
1 Ou i) [ 3 o acw o -‘h‘ AJ o
danuunnfirneitFunuanasviriuanusansolunsbindnisgege  asliiBmafusrazinandomyniia
a X . R | o ar »
neladty g addrunaniauiu (Al red) WFunuTu (Quinn,1992)  wiviaildiaslifindmazdygnivumanion
fuwldunauinWifisodeludosdanzugadiy oyl uaanianiuld
o o b ™ - Ny
niensaslinmanmasiinumanviell afuarmarugasBdangraueningrasnsouieias 14
w3 gtluv
ghun® 1 nimnsesdinnuanamsmiglulesde (Internal Metering) -- unisnsavielafunfum
a4 4 s LA s e Ly 1
MM9A31RTUNEIUTARTUMIenEY 7 Pegmelulanitomedningmauen?fiansun Tesialuinacdune

= . o . .
uonfdszauilitgwasasgegauiadundmauenings (Critical Intersection)

alutydl 2 nrnsesdBnmuamandiglandie (External Metering) — Hlunisauauinimn

= 3 Vel =i X P , el
arrariazdn lularsdisfnaneniduqalaorausesiuidne  Refnwianwanmanresiasten
auls
a \ ) .
puuf 3 manssaBunasmammalulasgiuidnglpseing (Release Metering) - Wlunisnsanite

> ai i | , i =
HafulFuninisssasunadauiieananainiisy - lulasetheidne Wy sofiaaninainaaiseensa wiarm

BENNIRINTBLEAEL
—ily
k= =
\
D—P—o—=
:‘L H- :L £ ‘
N K 74 A o
'
S—0 — ®
(m) nenraafFusTaTnelulaseing (1) nrenrastFunmamsndrglarin

ol a o
719 2.2 ABngnsesFunnuasaitinuniuen

flun - McShane and Roess (1990)
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232 Aimspeaeavigadudiau (Negative offset 98 Reverse green wave)
Yo d o 3 ' | e o o d
unsdeaeewumien ¥ snsnurwlusidnanfivaaemtunandoosuiueoiaeafianda

4 e 1 b ' A L a ]
nnseudtynldnsuniiiadausenlainmanenwed mederseriaaazfndiiTusigasdnnusiall
il (Pignataro,1978)

== (2.3)

Taes Araaniam ( AU )

~
b
[}

i
=

ATNE T UENEINDMU { LNET)

)]

L
|4 AHIT (INRTFET N )
c

ANENTEILONTR ALY ( AsadBsaTaT )

B B2 BL
)

=

R fimrnFaressnReananduugs ( AuieIund )
Tuanmasasuug AnsaviapengreAtuan (2.3) seldnduuan @y ruiivnuendnllas
-J o H = {
wamaduieyrliidaandsindyonalwivuenalfaudggninasaadudgoiadnides)  wendls
X o x o . , 4
ENNMAPIATMLULLAN  karaBtvuEnAzazaNe iy AveevanildainmisdunasildanasTas
. ' = o =i
Fuanreavmeiduuanaunaefugud  @Eugrnidsemnsiendalyuasmsusnu Roududny oo
v . . o X o ;
FdeanFauiiug wasfldnfuaufiafBnormasnnuivanluige  (@uonuivesmeeanidioudy
. . o . , -
Foyyrud@savdsandypndidaluwdeududyaradWi@ien  WSeFonin Reverse Progression) 78

nnsdanamnzantuni T fruuuiardsouuiitunuus s udnanedien
= 8 ar o .
233 SdnsdmAreansacRanutlusssa (Equity Offset)

FEmslmunzandmiunsdiitiunnamssturuszlsnuniaa s lunuuaiendneniautlaiy
o \ P o W s o aln 1

nausnausofag lunuuaeredlsiannsowaeusmaanilld  IdnguszasdRavinliizonieg luouuaiuread
- a i LY :‘4 @
TanawrdauntunauenasnWlflavbignunamsaannouusnaudnilaiu nzAuANAry oo Inas i

- ' PR 2 - o - PR A &
frynod@aounouuanaudnneu waraz Wy ulwi@enaunssivrofinunauanEuiasedauiiiounmis

b4 = s - 1 &Y =

woneanll s nmiuaeudygrulidenWsaluirmesauaz Wdygrnlddessunssiddnuunzanna
Vnnnuwilannsnesessnsaideodngnemdnld - binnawnlifoumeessnaufiaanmiaen

4 =, L4 [ ot L 5 -
aavmlfandinnsliavaglugtrasanuduiud il (Pignataro, 1978)

L
jleq:.mry = glc - V (24)
acc
Tnes gy 00 FNREWIRDO AT SR REWIRSIEARURATIA (TuT)



12

g, Pa dndaura sy roddwiGeqramnenan

C #n Aruesoudoynialn (Auni)

L Ae szozvheszuinavmsuandoyoulv (We)
V... A8 A HE1eanguasas (Acceleration wave)

fidnrzanng 16 Wasiaduni

f —tiv,

-

Fo

jUf 2.3 nsdraraavisnfanandussau

ﬁ:m : McShane and Roess (1990)
o, oy ] o o ar -
234 FmelWdaadouassdygralideaRinaudwiuienialafiamanils (Flared green)

nnsldndonsesdy i idenfududwiufimnalafienanthonlddmiulaseineiil
puuAEUENEERE  qeUsvasudneediinsiiienisfulszAvE mwasinnadsufrainianas  lag
madalv@ee ludadauiunwiaBunusaivauendaluldgnmdouzesiidaomniuuariiuniasuan
aaden 7 Anemsiunngeedretumsnsasndinglasiein Metering) TnaduonodW@afiisnmdaunn

9 . 'Y = o
WidsadaundrazdluinsanFunmraiarlugniauandely

STAAT OF GREEM

NEGATIVE OFFSETS — [T

d | | | 1| I 1 I L
v o | 1 T 1 [e
LW —s

o . S X . . .
JUf 2.4 ABnrhidedauresdygrnividaafinbudmiuiiamiwmdan

fun : Quinn (1992)
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235 AEmsAAEfFygaivuunifianumasaudyginividen

- k73 Ad 4 L3 ol L
wann 7 &ty iyrwlduuunfipansiassudpgralvisaievin il U3 uenasnuiifeeen

¢ -~ - e P o ¥ 4 ey
M senasinane Sszduraafununsamasuings wesilanaiisraserndnafueanauantd@ng
236 Afmdlddgygratdiuuiilanusesaudmgiaiviann

. N 4 -
waAnnsaruandyyruiisnaninedywrWifrnuanareudygiiiunnas e
= PP P | aca o 4 ada 4 oo .~ , o -

stunatpaTR e enanLdnninisarsstusaTuidiiammeuaniuitienld  A8nsdeananasiinadinm
=l o Al i . Py

azandpsourasnngdaduiliosianmedfsudaunsdygrninamssuasdrsfiuanuaiunsnluy

NATLZNI9IRINUEN

Newell (1998) lAisuauannislunisdpduladnasasifinuiasadrnandyguii@aliin me

; o . d 4

wasudyyuivd@sanaudunopreuuua(eAgA)AZA AR RBNITAFIATIEN A LN AT NN UNN FAsAs R

1 4 s, v

o 14 ] ] :" = o g ‘J
dngvaunnuseudalfunliufiasssrind Adlumed fRealifimeleRannsoaanisalifiunm

a71afusuAR S UM U REaNnD
-, aa v - o o 2
237 AEnsdledgoulvanmsnnsinnisiundisuuouu

maauaudyoaluiiin dErdswiaieneeugudy yralwenumdn msfamsiidng
vunuAsiingUzasdndn Ao memuauniafinunanataufeunaulifamismsusnrioudi fiyanaue
miuuﬂﬂafa"'mqumnﬁau'mﬁmﬁum?ﬁ’mm?ﬁdﬂquunuuﬁqﬁ
OECD (1981) @uaddmiunsiiisifnmuamaing  mefwanemaeosaudyaodiiazgn
muaué’wm'\umwmﬁdﬂwé’ememﬂmmmwﬂnﬁmlﬂ wiAHEMTesunaRetfifiaTuRsFean i

w 1
NINANINENITBIONININ ] aNnFnuanlilataNANTUS AT

c- [ﬂ][ﬁ] (2.5)
AN

el An ANENaTa Ul (Auni)

C
F A Bunasar ( Ausedalig)
o

L 7Aa aueaesid andaunnnss ( Lng )

d A8 ATTHEMITRIENLNINLE (INATHaAU )
. . . R I I - . &
Pignataro(1978)  @uainsAanmnndedivandygiauiiidesweiasinbigarninfiaanuAud

< | L 4 Iﬂ x H ] L% - x

Tunndavnania 4 fu  ardunasldianunaeresiiinusudaunduiUfaenwsssinsusniauniauniniu

o - - - ] ot 1 :
whaufunniianny dadauldFeodinamariisnwandldidianmesialui
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= 2.6
b: 0, (2.6)

L
Kzl—Eng +8y
g,=L, _fAC

ot g, s dnmdoutasdryrnsidinaasfamazdy ol A
[ A8 fEunnssias ( Ausiadalug)
S Aa Bununitasasand ( Ausedalug )
L, A8 Anuenopeefidnandauninas (Au)
. c < , ar o, e < . a
Rathi (1988) iaugdnindladtyulhies hssldusnniridnsaunusnanldsganmiauenidng

vauandalilazgndnfadednunurofieanilanmiendntl Tedadoudygradidmaunsouassléfo
g
aunnseialiil

_ LA(83 _l}“h(aﬂd)+]
LA

P (2.7)

LB‘(gA _I}" h(aﬂd)
gy = +/
Ly
ine a A dalfund
g, An fhrdouresdnyyruiWd@anrasSansdygimld A
o o a
L, Aa ;wusnresiduudiunanas, A
5 P o o | W om m
I FAe wegudellflessinnisasraniueiewsia,iud
i ‘J 3 |73 - - £)
Waselidndiurasdryg ralridsildangmraumdsimineusis aswudiddiueadiniden
gavusntmidasiRniuduaeniusudi o Widadiunesdy W@ snisiudwiuianialafimnamil
(Flared green)
Yo e oo ; . , -1
uananifeihinidsiuldiaueiimesuaudypruiWiignmatuuudeenanisote 1 Wdsield
o | ar - as d e -
Gordon (1969} nega I uLLiaft e puuasudnidudes  TeeldudnnsiRainmdnmdau
’ 4 * J ar - 1 ] L A
stwiniindmiazenuugnnuandalisssdianigsing o Willdadownin q M du Refiuoarsednladiu
1 s X ad a as - 4 - X o
wiladdnnunnniu sl fudamzdygindvanmasiesdfianmai  THRuunIwRay
a 1 4 - ] Bt P
Longley {1968) insmuuulaninafifouussudnduroosuiu  Inansfnuannsrasuoonsgun

PN o al s ' e o
NUURIATIANIY dinRugaseudugadnasiinnsiansaunArsadim ludd oy gradwheundiisg
d . X .
R AL L E GG E T T T C LS i1



15

Todli {1974) AuAndy NN Taudabidndmrasdyyinddi@ecumlisinanueneeuunises
neflunisynamuulasetu (81l OECD, 1981)

2.4 FEnsAruAndygninadlvs

nsaugndngnnivads nidalussouauandygniiiiursuauesisni s Anuwa N
a3143 (Traffic Responsive System) azldmaninmefuszisseinsiadufunmsn(Detector) Windlsznay
vanlunsmaupudyaaly  nsmupndyuia et bnitidelFuBaudeaunsnlidayaEunnuemariu
'um:ﬁ’uqﬁﬂu'xlﬁlﬂuﬁmﬁaﬁugw'mmsﬁLﬂﬂ:ﬁmﬂuualﬁmmmmauﬂuﬂwiﬂﬂqurmlwum:ﬁfwﬂﬁmm
37 uazanansodaeindssdnEnneaenisasas it nidiEnsnuauiiaieme  Aetuetaaznannldin
mimuquﬁ”ﬁyrmm‘lﬂﬂﬂﬂ'luﬂmﬂuﬁﬁﬂumnﬂ’i’]mﬁ‘muauﬁmmﬁmwtmumﬁ (Fixed Time Control) WUy
Lﬁuﬁ'l-'ﬁa:gaﬁu'xm%ﬂa‘lwﬁmﬂuﬁwmﬁujﬁu

ngaruAuAty i atalwivgauilunirauanien M reninmasdounaailuflszunaua
(Urban Traffic Control, UTC & Area Traffic Control, ATC) #338mamantiasiudnnislunisaouauasiiuuy
W'Lid 11 3TUVSCOOT (Signal Cycle Offset Optimization Technique) UWaTTsULSCAT {Sydney Coordinated
Area Traffic System) sy lunnsiivnsdauazfumsaiuaulasldpeniinmeidrunanadiumlssuaus
wrarTimatinlumsauandy i AsuwadlUmusniwasmamilineg 1y 33nsdiadyuindniag
Heplimawin fanadiiu, ?J?ﬁ‘mﬂﬂmﬁ'rurmtu’lNTmﬂ'l"ﬁmﬂﬁm:uuu}]ﬁm-mzy, Aamadlndryrodnlag 14
walpiasaudedfe, uwasAtnadedyiuiniselfinatiedad aefa Wusy  maliafinaranudadnesiv
oraeanGanduduneiinunuy “ToygyrustRngd” (Arificial Intelligence, Al)

o - nd( ad w ] -1
AEnseauAndnyunsWaia lmifidmnpiidsialld
241 3Enmsatuandnygralaneliszuy scooT

disnaseougudtyalWuniFenitAdaptive  SamitpaudistLLSCOOTa: Mdeys
aarluilaqudasaduuuudisedfidund Cyclic Flow Profiles 3Mlunnlssanmudiuusoddnung
waunTut&rygnivuss Tmam'a*mmn’wnh’ﬁmusnﬁﬁﬁmejmuﬂﬂ’ﬁdﬁmqqnmﬂﬂﬁauuﬂmmsw
fwmaflunsdadtygndamasiaiy 9 wwosuldun acusmreudyunnl dasiuresdy oWl
uazAaavim uﬁaﬁm?ﬂnm‘qm'uﬂammmmaﬂunqﬁmﬁmmqm‘lﬂﬁﬁuﬂmmﬂmﬂﬂuma‘saﬁﬂﬂLm:
$uunieivyplasededanenignsommmauannden 7 M Janneferidyouiaildazinliuamu
gaaaarlunIrPetuazugATsITTNAEN gLt e ige Tmﬂu'fqﬂs‘;uumuuﬁgﬁuﬁdqnfjummmm:
wasudngnauendnuanudradiawily  wasiinisnszatan (Dispersion) dausniiesanannuaniy

dnadtyeysvidenaziseanlufom Bunnamasins (Saturated flow) (Robertson,1991)
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Divisacn sang 3 wiret

el 2.5 Cyciic Flow Profiles

-
Y1 Hunt, et al (1981)

SN I e .
nowfisxifuudonz&yninuld (Phase) TussudygadInwdall szuu sCooT Azl ‘cycle flow
' ‘é aJ i —lo - -l i A' al et

profiles’ Fafhuffunmamaiiiuganiimaludains 4 Jud Tummmmsssudissiavissadmas
Fygdrvdalilreandawmeiia  Hil-Climbing  winwudnasfaaifisFasadam &y yindiamasszuuy
SCOOT azUfunauideuulasfiasidnaziouatdenludeulyl wananiiszuu SCOOT AzvinImsIRasL

o . =

AINMNzANTeIA INEare LAy adWusreewina lwnsaudryoynaimaniiisnantnull 2-3 ud
Hadainm sxuu SCOOT asldinqusrasdluntsauandyruliReyingurzasdiduslunsaougs
Fouoroulwynanwanmas Fafufawiinssun SCOOT azwlsulasudyonalmuanmamaratinals wssa

A8 LUNTRUTERIATDINTANLIANAUAIANE
242 GEmaaruaadgygulanglaszuy SCATS

Aamraouaudtyoyndnnelsissuy SCATS ThiAznaliadyonodwustidans
Responsive  MRIEATMITIIUL SCAT azmuRuwisiivefiunmsaunndymradvsuldun aruenssey
oyl dadauansdynniidos uasdanviaon Truandoudnninfiefnensedupanudnsaliadite
WANANRINTEUY SCOOT  stuu SCAT azimzutiimnauenesndlunguuant q ngu Fousiaznguaziinis
wemAnqAudEn MTuiAaL AuAmaNTRRY ) 2eemisusnlunguiReniy 1M AaLsaTeLdygN, M
Indmsdynnuln ussAnaadns ot luusiarnguargnatuandteminslrziosuatiny  (Regional
Computer) nfg'uﬂ"aﬂuviazmg‘m:muﬁmﬂunfg’uﬁ'lmg‘%u ﬁrfimﬁﬂnq'miﬂamﬁ'\ﬁuﬁmwmwmiﬂu

FrpnasWlnf@eaiu



17

dayaiszuy SCAT MlunsaaugudynnulWAessiuaiudugs (Degree of saturation) daifly
. , foy o o s x '
Fmrdnrestndyuialiidaedldadfidegadynnliidieaiomn  Anuenareudygy Wi life
Py » . a. ; ~ - - e .
Arngreudyy i infiansninssAuanuBuinrestamn il duanubuigegs  Samardyning

nl -~ =J - At =\. @ 4:] & 73 { o L '
IR medyanalniasnsofmsssduanuduimitiag  wsdnliildiaavaaiivildnguesnauo

ol @ b ] o ‘l:‘ k7S IJ
Hanudnlungueanidanauaiasnueapufige
el 9 s - o o, £ . .
243 JEnsaruandygninterlainalialacuin aana@iun (Genetic Algorithm, GA)

wAllAsEN ﬁanfaﬁﬁuLﬂumﬂﬁmﬁwmﬁmtynm:ﬁuj ‘Emui’ium?mmmnuﬁnm?ﬁugm

resa1e R iFnndnulssnendaniGaniniu (ene) Buusisziasildnesmmizidouw sl
ABMsumnua (Reproduction) Nsduiug (Cross-Over) uazn1stiunan (Mutation) 3e98iugnaingiuus ne
MHweilafanariellunisaingaremiive i Wacuaudtyyintd - Wi nedadanrdygnoin
AuEnsaudy v dpdausesdyonulid@en uazAtesviom (Foy,1992)

- mTwAnua(Reproduction) 11w Sueyiuf 123 Tdunanduus 12

- msfius(Cross-Over) 1u funi12 uarfiuwiss Watumethaiusudoasidoyiufiduiu

DYAUS 14 uarElunyWus23

- nasEwan(Mutation) 11w Tuuk1234 anaeinmatufiueyiug 1254

mstﬁﬂnmﬂﬁmafﬁlﬁmuquﬁmmqmlﬂﬁﬁ#egmnﬁanmut‘iau’lwﬁw‘lﬁ‘mmmmﬂﬂmﬂﬁﬂmuﬁn
Fanedtn Fadartafinaazuanedadldann (Cost) Auansinefiu anldaneluieavantiiindalszang
Na (Measure of effectiveness) 1u AIHANE (Thidiu

Underwood(1994)  arWRBmsdmdanmilwe M ldmusudy yioiinsenduiinisuuyaasd
(A* algorithm)  3EmadsnanaihAinadulfiuinies (Heuristic Function) TnsenAufeyafiihidnwni
[N ZANTeURAZN LN ‘ﬁqﬁdﬂgjuuﬁujﬁwﬂwm‘quﬁﬁl'i‘q‘w(cost) mnnfm::ﬁluﬁuﬁm'm:ﬁ@qﬁu uaz
Frntusreei AT Iuewenilafannzgeine el fiee faRATanRanwaesine lae s

i - A - o
189 Heuristic Function finfigaqaifienfisnaznisasaniu q Sansdadenwimiiwe fuasdlddeannis
f=g+h' (2.8)

{ne f 78 #1189 Heuristic Function
g #An ArldesannneBusuilanneiiagiiy

]
A
h' A

o Afanirudszunminnmetiagiiuiianiargeving

244 Senaenunadggniniagldinadiaszuugideatg (Expert System, ES)
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w = Only During SPSA Tralning
SPSA
Tralning | ege~ — Lofglerm _
Algorithm Seif-Tuning
] }
* !
non-sensor N | i
_+ _J*
(wenthar, | Network =3 oo om Calculatiory
ﬂmf..d.y. Contronef
e} 1
Reai-time
Adaptive

sU# 2.6 wAnmeieuasamaiatiisauilnife

#ian : Spall and Chin (1997)
246 danmsauandyywlniaelfinaiiafad aada (Fuzzy Logic, FL)

nseauRudyuiiiag i natiodsd  sedrilTaqUszasmRedanwisfine A ldunsAcy
AndtyeynsWinlianuamiu (Probabilistic) illuidonlunsdn@ula Tnassuu@enwis e dluns
ﬂ'Jur]uﬁ’ry:u'lm'lﬂﬁﬁm’amhﬂ:LﬂulLJ'LﬁmNm'mdﬂu‘l.-n'?h’m‘l’fmnﬁegm londenlafinneliitudoulelu
ﬁnum::ﬁ'Lﬂumwm@mﬂuﬁ"lﬁmmn-ﬁmﬂﬁ'l.u'aﬁmﬂuﬁuj'm
Pappis and Mamdani (1977) (1311 Chui and Chand, 1893) ldnsaruaudygawinemnadiaia
3 aedelunmsmuaudun ndWRidunswemssnuAmiaian (One-way Street) Tntmeaednmeandi
UFn1nusa (Detector) ‘1"531‘3‘49.3'1u“ﬂdﬁlﬂﬂﬂﬂﬁ’ﬁmﬁu‘ﬁﬂ!ﬂﬂlﬁ“’]mQﬁ"‘l"li‘ waz eSS A ATiding
yuen  AmnusafiinwnsueneanllkasAnnenateauoaAeefliaan N Aundisiell  wanisiwitazing
nrevaunsaadulawuudad (Fuzzy Decision) WavndiasdnnatiWided N Audidalivieli trunand
Lﬁlu:ﬂ"u’i:lﬂuﬂ"lﬁﬁﬂ‘ﬂuﬂﬂ%ﬂﬁﬂwmﬁﬁﬁ
Chui and Chand (1993) 1433 nsamuANdny WA lnaliaRad aadalunsrauaulnseinodidlu
yRuUNeoUUsamng  Inannslifeyasrastemsuans 9 idudsszriedu  dvunszuaunisdindu
TawLuAad (Fuzzy Decision) eldlunstiumnnemseudyagnnilnasmas famzdoyniodnasas waz
DEWTR 'l.iﬂs‘iﬁmrmm'lﬂﬁmm?n?nm?:ﬁuﬂqquﬁuﬁQﬂﬂ«ﬁmmqﬁ'ﬁ?:ﬁuﬂqqnﬁuﬁqqqqm N33R IUGL
Aryqrouwiansnsainmsziumdui el uasdaiRAeersiin Wnguaons i adnly

oot o z = - : ala ) | <
ngutiasidnnuaiseanmmgatenfige  InelQeulrdisodseyiulasedrearhlarunnuldeudamiuas

Al
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?:uucjﬁm-mcyLi‘]ua*:uuﬁﬂﬂml.uum'l.ﬁmmmu.r’f'lﬂﬂm_,mﬁ-ﬁ'u-'n’ﬂu rwende A INas A
wuudeiuRaysd i unsdaduladia uilatloyw Taeldgumnniidafiulugiuuudenls ofthen) d1uou
sniludeyaulasii wazlfrruunsAnmnomeafiiiudewlylunsssunanamdsey

phwurssdaulalamiliazlduuumavnunea 3 pluuy Ae THutumsu g NanLugL
(induction) ?ﬁuﬂummrﬂLwluau'mnmammiai@uLﬁﬂmﬂmmv;mrnﬂmu sHuuunisstauLLlng
(Deduction) ’ﬂqcﬂunwmmqmmnmcfgmfm"l,unﬂﬂl,ﬂmw]mmfziaa LASTLULLLNISWIMREA RLLFETE

Ritchie(1990) (§19l4 Spall and Chin, 1997) ﬁfﬁ’émmouquﬁmmﬂm‘lﬂimﬂﬁmﬂﬁﬂ:‘:uus’ﬁm
-mry?ﬂqLﬂumemuauﬁtyrmm’lﬂLﬁa’lﬁ‘lﬁmm53me'ﬁ'l'ﬁ”Lum?muauﬁrycmm‘lﬂﬁLﬂuiﬂmunﬁﬂuhui'u 19
Ml luiszuufidusmiyrieufanlsznanadng Tadaulifnddaidnaniayaluedndmaunn uas
nadwETFa Ntz i yasildmeuneida e nmediea A ana THsne " m17e
mudaulafionaWriewynsznig Wy memuaadtyanniviael i fine il AzHBIRAnANLRF 7 A9

A i | ") dl 1 3 - fz
paReulafcn isuynulsznie ssuudduarydscagduadi limeauaudgnruiniag e iime s
245 AEmsauqudggininlagldinaiialasauiiindia (Neural Network, NN)

- = & -8 Y : 1 4 L = ., = 1 1
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Tt eI Y11 {Average Delay)
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- Auouraidt-eenanTATIgng (Input-Output Count)
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#un : Wallace, et al. (1998)
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Capacity per cycle
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3.4 Tisunga CORSIM {(NETSIM)
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Abstract: This paper summarizes the traffic signal control performances during the period of
traffic saturation. The efficiency of traffic operations in various traffic conditions and signal
control methods are investigated. The study focuses on two types of saturated traffic demand,
constant and time-dependent. The study also explores various traffic control strategies for
congested conditions. They range from fixed time to real-time adaptive control. The analyses
are mainly conducted using CORSIM simulation. The impacts of the control on delay, queue,
fuel consumption, and other indicators are assessed. The results of each control are compared
and the control that yields the highest performance in each traffic scenario is disclosed. The
results of the research will lead to the better traffic control and operations which accounts for
congested conditions.

Key Words: Signal Control, Saturated condition, Performance

1. INTRODUCTION

Signal control is a common practice in the management of traffic in urban areas. The traffic
control has an advantage on its adaptability to current traffic conditions. Many of existing
traffic control systems are designed to cope with variable traffic conditions, from low flow to
high flow level as well as varying traffic volume. Nonetheless, few of them exclusively deal
with saturated traffic conditions. Many cities experience the situation where the demand for
traffic passing through a road link exceeds its capacity during considerable time perod in a
day. This saturated traffic condition makes aggravating traffic congestion that lasts for
expansive time.

The attempts to yield more efficient signal control methods are dated back 30 years ago by
several researchers. The review is summarized in Organisation of Economic Co-operation
and Development, OECD (1981). There have been many traffic signal control techniques
available to cope with a variety of traffic conditions. Some researchers have worked on the
theoretical solutions while the practitioners have adopted those findings into many
commercial signal control systems. It is noted that many systems lack the signal control
determination exclusively for saturated traffic conditions. Moreover, there is no comparative
study on the effectiveness of each signal control method in a traffic control condition. In
addition, there is no investigation of the performance over the range of the traffic volumes.

This paper addresses the testing and comparative study of various traffic signal control
methods under diverse traffic conditions. The focus aims at the signal control in saturated
conditions, both constant and time-varying traffic levels.

2. THEORETICAL BACKGROUND

Many theoretical researches of optimal signal control have been done for many decades. The
early examination was conducted by rigorous mathematical formulation and analysis.
Webster was the first who extensively investigated signal performance and signal setting
method for undersaturated traffic flow condition. The examination on traffic signal control in
undersaturated (or low flow) condition is now more or less well researched. The signal
control policy is to yield the maximum efficient use and minimize travel time loss. The
implicit assumption of the signal control is that the interference between intersections is
negligible. This control policy 1s adopted in many commercial signal control systems, such as
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TRANSYT, SYNCHRO™, and SCOOT. Most of them recommend the signal setting with a
method similar to Webster’s calculation and by means of an optimization method.

The traffic signal control near or in saturated conditions has also long been studied. These
signal control methods are reviewed by OECD (1981) and Shepherd (1992). The controls in
these traffic conditions are somewhat more difficult than the low flow conditions since they
require much of real-time traffic information and more adaptive signal setting. Some special
control procedures are required to deal with the effect of queues that interact adjacent
intersections. The concept of queue management is suggested to replace the delay
minimization policy, although this is not directly applied in most commercial signal control
software. Quinn (1992) suggested that the queue length should determine the signal control
policy during saturated tratfic condition. Figure 1 shows that once the queue length is
permanently developed at intersection approaches, the control method should shift from delay
minimization to capacity maximization. en the queues extend to fill the approaches (or the
queue storages are full), then the signal should be adjusted so that the intersection blockage is
prevented. After the oversaturation is over, the signal is set to fasten the release of the queues.

Min Synchionised Min
Delay M aximum Capacity queLe Delay
- clearance .
APPROACH A
QUEUE
LENGTH APPROACH B
TIME —

Figure 1. Signal control by queue management technique (Quinn, 1992)

Althoth several concepts of signal control in saturated conditions are recommended, there
are only few work that explicitly investigate the performance and practicality of these
techniques.

Two major limitations of the application of the signal control policy in saturated conditions
are (1) when and how fast the contro] methods should be implemented and (QB the amount of

ic information for signal control should be obtained. Most commerctal signal control
systems have “sluggishness” factor that prevents the signal from sudden change. This may be
a major limitation since the timings during the queue-growing period require fast adaptation.
Yielding more advanced control requires also an amount of traffic data, real-time and more
frequent. Not only traffic volume in each movement but also queue length or another queue
information is requested for signal control determination. This means more investment on
traffic data gathering effort and more accuracy.

3. RESEARCH METHODOLOGY

The study is designed to compare the performance of signal control methods under various
traffic conditions.

As it is impossible to experiment the control across geometric configuration, a hypothetical
network is selected to be a test bed for this study. A road network consists of a five-
intersection corridor whose the middle intersection intersects with another major street. The
layout of the test network is shown in Figure 2. It is noted that the construction of the network
does not mean to represent any real-world road network but builds the reference level for
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comparison. The dimension of the test network is associated with the duration of study
(simulation time) and tested traffic volumes.

54 {14 {Gd-
;e 8074 8064

8044
Figure 2. Network for testing signal control

Two types of traffic are examined: constant and time-dependent conditions. The constant
traffic conditions are the traffic operation where the levels of traffic volumes entering the
network are assumed constant throughout the simulation period, although the actual simulated
volumes may slightly vary due to stochastic nature of simulation. The time-dependent traffic
conditions are the traffic operation where the volumes of entering volumes vary over time.
This represents the peak duration in the real world. The peak duration can be the rush-hour
peak period or the surge of traffic due to abnormal high/low flow such as the traffic from
special events.

The levels of traffic volumes and the duration of study are arranged to cover the low-flow and
high-flow traffic conditions. At the higher flow, traffic may be saturated and queue
accumulation may take place. The test environment (road network, traffic volume, and
simulation period) is established to depict a varietz of traffic conditions, from undersaturation
to oversaturation, with and without queue spillback.

To supply various traffic conditions, the traffic is loaded on this network so that the degree of
saturation (DS) of traffic at the critical intersection (bottleneck) is at 0.4, 0.6, 0.8, 1.0, and 1.2.
The traffic conditions are then classified into two main categories: undersaturated (DS < 0.8)
and saturated conditions (DS >1.0).

At the undersaturated traffic level, two traffic factors are varied; proportion of traffic on main
and cross streets, and the level of traffic demand (or volume/capacity ratio). Some of the
traffic conditions are partially tested to understand the trend and the consequences of the
control,

Table 1. Design of experiment on traffic levels to be tested in constant traffic conditions

Traffic Level Proportion of traffic on main and cross streets (main street : cross street)
(V/C) 1:1 1.33:1 1.5:1 1.67:1 2:1 2.67:1 3:1 4:1
0.4 X
0.6 X X
0.8 X X X
1.0 X X X X
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Special attention is paid to the undersaturated and saturated conditions where traffic levels are
time-dependent. The schematic representation of varying traffic flow in saturated conditions
is illustrated in Figure 3, to see the whole effect of oversaturation.

s L.

Volume

| .

. . € > — > Time
Time Period 1 2 3

Figure 3. Time-dependent traffic flow in saturated condition

The signal control methods to be tested are:

Method 1 — Using the historical traffic volume
This traffic signal control setting uses Webster’s signal setting method to calculate
cycle time and green time. However, at a saturated tratfic condition the cycle time
will be set at the maximum value (240 seconds). The cycle time does not have to be
set identical for each intersection in the network. In other words, each intersection
will operate individually. There is no attempt to adjust the signal according to the
critical intersection. There is no offset setting for this method. During varyin
volume conditions, the volume of traffic is assumed to be known (from historic
volume J)attem) and the signal setting is adjusted ri%ht away according to the
estimated volumes. This method represents an individual signal operation.

Method 2 — Consider progression on the main road
This method pays attention on the progression on the main flow movements. The
cycle time and offset on the main road are synchronized. The cycle time is
determined from a critical intersection (where the highest intersection degree of
saturation takes place). The green time is allocated as the proportion of traffic volume
in each direction. The offset in the low flow condition is set to minimize stops or
maximize the green band on the main roads. In a constant saturated traffic condition,
the negative oifset is set to synchronize the movement of queue on the road link and
the traffic entering from upstream intersection. The procedure follows Pignataro
etal. (1978). In the time-dependent flow situation, the signal setting is adjusted
according to estimated traffic volume as in the method 1. This method represents a
conventional fixed time signal setting as area traffic control in which all intersections
in the region (network) are coordinated.

Method 3 — Using an average historical traffic volume
This method will be used only in the time-dependent traffic condition. The method
averages the volume of traffic during the entire range of study duration and adjusts
the cycle time and Ereen time using Webster’s technique. The procedure is similar to
the method 1, each intersection operates individually and no offset setting. This
control method represents the decentralized fixed time control at each intersection
when traffic data is aggregated and no real-time data is available.

Method 4 — Using real-time actual counts
This method utilizes the real-time traffic data measured at ecach intersection
approaches. The traffic counts are then used to modify cycle time and green time for
each individual intersection. The offset is not set for this method. This method
represents an adaptive signal control using real-time traffic information at each
intersection. It implies an adaptive decentralized traffic control with no linkage
between intersections.

Method 5 — Using a storage management concept
This method is used only when a road llljnk is filled by a traffic queue, basically at
oversaturated traffic situations. The signal control is calculated using ueue storage
concept to prevent a queue blockage at an upstream intersection. Since this method
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is used in saturated condition, the cycle time is set at the maximum of 240 seconds.
Green time is allocated due to the spaces on the downstream links. There is no offset
setting for this method.

The simulation is used to test the signal control methods. Two candidates of simulation
Brograms are TRANSYT-7F and CORSIM. In 1999, Federal Highway Administration in the

nited States has released the version 8 of TRANSYT-7F simulation software. Although
traffic is macroscopically modeled, the software is claimed the capability of simulating
oversaturated traffic condition. However, from the early investigation, 1t is found that there is
a significant restriction on the TRANSYT-7F in that it could accurately report the results only
when the queues are not accumulating up to two consecutive cycles. If the queues accumulate
beyond the program limit, then the program outputs would wrongly reported. It is plausible to
accept only the results in only undersaturated traffic conditions.

The CORSIM is a microscopic simulation model that could be used without the above
lfaroblem. The program has been validated by many agencies in the United States and accepted
or all traffic projects. The model can convincingly replicate the oversaturated traffic
conditions where a traffic queue extends from one intersection to another. The program is
flexible in altering the signal timings. The outputs of the programs are measures of

effectiveness (MOESs) that indicate the performance of the signal operations. The indicators
used for this study are:

Average delay per vehicle
Queue time (or waiting time)
Fuel consumption

Carbonmonoxide level (as a measure of environmental impact)
Throughput

4. FINDINGS
4.1. Signal Control Performance in Constant Undersaturated Traffic Conditions

The traffic condition allows the signal control a wide range of setting and, thus, most of signal
control methods are determined and compared. The signal control performances can be found
for two types of traffic volumes; constant and variable volume during the study duration. For
constant traffic volumes, the results are illustrated in Figure 4.

[ Historical
Traffic

T . s STl

‘M Progression |
on Main road

Actual count

|
i OReal-time g
|

. 1
" Storage
Management

Average Delay (min/veh)

o | B
0.4 0.6

Figure 4. Performances of signal control in undersaturated conditions



Queue Time (min/veh)

| | CHistorical
Traffic i

i MProgression
| on Main road,

O Real-time L
Actual count’

[JStorage !
Management .

30
20 HBE

10

Fuel Consumption (MPG

1.0

I Historical
y  Traffic
I

i MProgression
on Main road;

O Real-time ‘
Actual count:

i [ 5torage
Management

60

&l
fl

. ElHistorical
Traffic

W Progression

CO Emission (gpm

on Main road”

O Real-time
41 .  Actualcount

‘ OStorage i

1500 -

1000

500

Yolume count (veh

0.4

Eﬁ-ﬁo fica] -
Traffic

| EProgression

on Main road

. OOReal-time _
i Actual count;

‘[ Storage

'

L Management -

0.6

0.8
Ds

1.0

1.2

Figure 4. Performances of signal control in undersaturated conditions (Cont’d)

114



115

The following section will compare the individual intersection delay optimization (method 1),
provision of progression (method 2), and the split real-time adaptation (method 4). At the
same traffic volume patterns (main street : cross street = 1:1}, traffic control method 2,
provision of progression on the main street, brings about the lowest delay in the low flow
condition (v/c = 0.4 and 0.6). The method 1 yields slight lower delay than the method 4. [t
implies that the modification of traffic split using real-time information does give better
benefits when the constant flow is undersaturated. Nonetheless, when the flow is heavier (v/c
is 0.8 and above), the real-time signal setting becomes more advantageous. The setting to
favor progression results gives the highest delay among the three methods. Considering tuel
consumption and queue tume, the conclusions are similar to the delay deliberation, the signal
setting for progression results in the highest performance in the low flow conditions, while the
real-time split setting is the most efficient in the saturated conditions. However, at the near-
saturated condition or v/c =0.8, the three indicators draw a slight different conclusion. At this
traffic conditions, the signal setting to yield minimum intersection del]f? does not give the
lower average network vehicular delay than the setting for progression. Nevertheless, it gives
lower fuel consumption and queue time. It is scrutinized that the progression gives lower
gercent stop and this may contribute to lower travel time and thus overall delay (percent stop
y method 1 is 145% while percent stop by method 2 is 118%).

4.2. Signal Control Performance in Constant Saturated Traffic Conditions

From the experiments on the signal control in constant saturated traffic conditions, the method
5, the queue storage concept, produces the highest performance in terms of delay, fuel
consumption, emission, and throughput (Figure 4). This signal control method filters excess
amount of traffic entering the critical intersection. Thus, the degree of saturation at to-be-
critical intersection is maintained at a certain level, while the approaching intersections
cumulate the metered traffic and may turn a new oversaturated intersection.

It is mentioned that the control method 5 creates a wide area of congestion. The control
attempts to prevent the intersection blockage by giving green time to uncongested (unaffected)
movements. The traffic entering the congested area is thus given shorter green time at the
upstream intersections. Then, as time goes by, the surrounded intersections to the (first)
critical intersection possess long queues. Thus, the congestion (and queue) is spread further
from the first critical intersection.

4.3. Signal Control Performance in Time-dependent Saturated Traffic Conditions

This section shows the degree of effectiveness that each signal control method provides when
there is a surge of traffic demand. Five control techniques are studied; the intersection delay
minimization (method 1), progression (method 2), delay minimization using historical traffic
data (method 3), adaptive split setting using real-time volume (methed 4), and queue control
(method 5). The testing is conducted on various levels of the traffic demand and two periods
of peak; 10 and 20 minutes. The difference between the two periods is that the 10-minute
traffic surge does not l[l)roduce the spillback (upstream intersection blockage) while the 20-
minute tratfic surge will produce the blockage.

4.3.1. When traffic volume peak period is 10 minutes

The traffic conditions in this consideration are further categorized into 2 groups: the surge is
below the capacity of the intersections and the surge is above the capacity of the intersections.

When the traffic demand does not exceed capacity in the peak period, the signal control is
aimed at properly adapting signal to yield better efficiency, in addition to make better the
measures of effectiveness. Since there are a wide variety of traffic volume levels at each
movement, the findings are compared to illustrate the performances of the signal control in
various matters.

Comparing the control methods at different traffic level during peak duration, it is found that
the control method 3, using historical data to set the signal timings, generates the highest
performances in most categories. The exception is at the low ic level where the
progression still performs better. This may be because at the changing traffic level it is more
efficient to preset the signal to the anticipated traffic, rather than being reactive as in the
control method 4. It is also worth noting that the queue control performs very badly in a low-
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level surge traffic condition and it performs relatively well (the second highest performance)

when the surge traffic is heavier.
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The surge is above the ¢

&acity of the intersections.
4.3.2. When traffic volume peak period is 2

minutes

The traffic in this condition is simulated to examine the effectiveness of signal control when
the traffic level during peak period is oversaturated. At this traffic level, there will be a
blockage at the upstream intersections. The performances of signal control methods are
displayed in Figure 7.
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The results of the experiments show the same direction as the condition when traffic volume
eak of 10 minutes. The presetting of sil%nal timing using historical (or anticipated) traffic data
?control method 3) gives the highest performance except the low tratfic condition.

The performance in this traffic condition can be explained by the throughput. At the lower
traffic flow level, the control method 3 releases ic out of the network in the amount very
close to control method 1 and 2. However, at the higher traffic level, the throughput
effectiveness of the method 3 becomes more evident. Comparing the 10-minute ang 50-
minute peak situation, the controls at the heavier traffic can allow less number of traffic out of
the critical intersection and the network. This is because the queue spillback places more
restriction to the signal control and therefore forces the signal to operate at a shorter cycle.
This creates the longer start-up lost time to the entire traffic operation.

It is noted that the control method 5 does not give better results than the control method 3.
Despite the control method 5 is designed to prevent the queue blockage and set the signal
timing according to the synchronize the queue movement and storage, it does not provide
lower delay nor the total queue time of the road network. This may be because the control
focuses on the management of queue and thus the traffic moves at a lower speed and is subject
to lost time due to the starts and stops. Unlike the control method 3 that has “internal”
metering at the upstream intersections, the control method 5 attempts to fill the approaches of
the critical intersection and thus prolongs the saturation at the critical intersection.

4.4 Comparison of signal control methods at different volume levels

In time-dependent ftraffic environments, one traffic signal control technique will yield
different performances at different traffic levels. This section compares the performances of
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the signal controls in various traffic levels. Figure 8 shows the comparison of signal control
performances in two time-dependent traffic levels; when the peak traffic levels are
undersaturated (degrees of saturation are 0.6 and 0.8) and the peak periods are 10 and 20
minutes. The figure exhibits that in the case of the saturation level of 0.6, most signal control
methods would perform similarly, as indicated by the similar percentage of increase in the
average total delay. In the higher traffic level, it is found that the signal setting to favor
progression will have a discemable increase in the delay. Therefore, although the signal
setting for progression yields the highest performance in many of low flow conditions (as
displayed in Figure 9), the performance of this control method is relatively worse when the
flow is higher and varying.
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When the flow is higher up to the saturation during the peak period, the conditions can be
classified as (1) the flow does not produce the intersection blockage, and (2) the flow creates
the spillback and gridlock. Figure 10 and Figure 11 show the performances of traffic control
techniques in both conditions.
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5. CONCLUSION

The performances of traffic signal control methods, at various traffic flow conditions, are
tested and compared using CORSIM microscopic simulation model. The test environments
are designed so that the effectiveness of the controls can be assess in a wide variety of flows.
The flow conditions under investigation are undersaturated and saturated, and constant and
time-dependent. The performances are indicated by delay, time in queue, throughput, fuel
consumption, and CO; emission.

The results reveal that there is no single control method that gives the highest efficiency in the
entire range of traffic environments. In the constant low flow conditions, the control method
using historical traffic data and the method to provide the progression give the lowest network
delay. In the saturated flow conditions, however, the controlggy queue management performs
the best. In the varying traffic volume conditions, the setting using average historical traffic
data gives the lowest delay. The other measures of effectiveness indicate stmilar conclusions,
although there may be slight alteration in the comparison.

Although the control method using average historical traffic data yields good performance in
time-dependent conditions, this control method creates a spread of congestion to the wider
area, since it makes the spillback of queue to the surrounded intersections (to the critical one).

From the experiments in this study, it is found that the signal should have various control
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policies. At lower flow, the signal should @m‘{ﬂoy a control to favor pro%lression or control
using the historical traffic data to yield low delay. When the traffic is heavier, the queue
control should take place.
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