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Abstract: This paper documents the development of a cycle-free signal-timing model for
minimizing delays using Genetic Algorithm. The model was embodied using MATLAB, the
language of technical computing. A special feature of this model is its ability to manage
delays ofturning movements on the cycle basis. The model produces a cycle-free based signal
timiirg(cycles and green times) for each intersection to minimize delays of turning movements
on the cycle basis. Concurrently, appropriate offsets could be accomplished by applying
cycle-free based signal timings for respective intersections. The model was applied to an
example network that consists of four intersections. The result shows that the model produces
superior signal timings to the existing signal timing model in terms of managing delays of
turning movements.
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I. TNTRODUCTION

The area of developing efficient and effective real-time traffic control systems might be one
ofthe leading areas ofthe traffrc control fields. State-of-the-art concepts oftraffic-responsive
control in urban streets network consist of the three generations of the Urban Traffic Control
System (UTCS).

First-generation control uses prestored signal timing plans developed off-line and based on
historical traflic data. The signal timing plan can be mainly selected on the basis of
time-of-day, or by matching a signal timing pattern that is fitted to recently measured traffic
conditions A network threshold value that incorporates traffrc volumes and occupancies can
be used for the matching criterion. In the traffrc-responsive mode, the allocation of green time
(split) can be slightly adjusted based on fluctuations in local traffic demand.

As an alternative to the off-line signal timing plans, Second-generation control was developed
as an online model that computes and implements signal timing plans in a cycle-by-cycle
basis. The signal timings could be changed at 5- to lO-min intervals based on ru*"illunc"
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data gathered from vehicle detectors and predicted traffic volumes(l). Second-generation

control has the capability for dynamically decomposing the network into subnetworks that

consist of I to l0 intersections on the basis oftraffic conditions. Each subnetwork contains

one critical intersection, and optimal signal timings for the subnetwork are computed based on

the traffic conditions of the critical intersection.

The Third-generation control strategy is developed to control traffic flows in a real time

basis(2-6). The overall objective of Third-generation control is to provide the utmost in

control responsiveness and flexibility. To accomplish this goal, Third-generation control was

designed to allow the signal control variables such as cycle length, green time, and offset to

change continuously in response to real-time measurements of traffic variables. It means that

cycle length, green time, and offset of an intersection are permitted to vary both specially and

temporally to provide progressive movement of traffic and to minimize system disutility.

Third-generation control strategy was implemented at Washington DC. in 1974, however,

numerous problems associated with maintenance and transition-related deficiencies forced to
not continue the research.

The purpose of this study is to setup a signal optimization procedure using genetic algorithm

and to develop a cycle free signal-timing model based on Third-generation control concept.

2. NOTATION

The notation of vuiables in thrs paper ue defined as follows:

k I thenumberoftumingmovemen(NEMAWpq I <=r<=8)

i . the number of intenection( I <= , <= 4)

n : ttrenumberofcycle (integer)

g,'1ry : green time of movement t (sec. intusection , . , -th cycle)

',j 1ry : fie time of saturated'departure flow pattern (movement t . intersection i . z'ttr cycle)

c,(u) : cyclelengtrGec. intersection i.,-drcycle)
r-. tn) : satunted departure rate of upsteam movement #2 (input of movement t at intersection r ):

' Tiot . average departure rate ofupsteam movement #2 (urput ofmovement r at intersection r )

ri(") : saturated departure rate ofupsfieam movement #7 (input ofmovement t at intersection , )

ri(r) : average dQ[ture rate of upstream movement #2 (mput of movement t' at intersection , )

nj trl : average departure rate of upstream right turn movements (input of movement t at intersection , )

fi : initral queue lengtr of movement t at ttre beginning of cycle

e: : queuelengflrofmovement t atdrestartofgreentime.

0: : queue lengft of movement t at &e end of green time.

ro; : taffic demand for movement t at dre end of green time.

ro; ; rafrc deurand for movement t at tre start of green time.

x: :. degree ofsaturation(movement t.intersection '\ xf = (i;/r')=(r'ls) x e: lcrnl)
rr' : tuming volume (movement t , intssection , )

o' : avaage delay (movemgnt t. intersection , )

Test network consiss of four intersectioru: hvo extemal intersections and two intemal intenections.

Arrival ratc of errcmal movements are assumed to be constant (uniform anival) and platoon dispenion

is not considered in this research. Phase sequance is assumed to be Lead-Lead pattem. The

configurations ofthe test network and phase sequence are shown as figures I and 2.

Joumal of the Eastem Asia Society for Transportation Studies, Vol.4, No.2. October. 2001



t57
Development of a cycle-Free Based, coordinated Dynamic signal-Timing Model for

Minimizing Delays

int. I int. 2 int. lJ

orrtbound

.el(,)rl. ,'1,) ,l.dD_1, e.Qn

{- -------> I
-J I
itu)
D

<l-------)
sio)

.-;=-*
8\n) !.-, +

N \n)

3. ALGORITHM DESCRIPTION

3.1 Traflic Flows

The proposed model simulates traffrc flow macroscopically The green time is divided into two time
increments of variable duration. (1) ttre time for saturation departure pattem (queue dissipation time) and
(2) the trme for average flow pattem. Each time of flow pattem is identified'Uy its start and end times.
There are trvo raffic flow pattems: ttre IN and OUT pattems.

The IN pattem is the anival pattem. including the amvals at the stop line if traffic is not impeded by tre
downstream srgtal. It is assumed that the IN pattem fol exteryl (network input) linls or 

^d-uro.r. 
rfui

flows is always a uniform distribution. For intemal links, the IN pattem is assumed not to be affected'by
the platoon dispersion.

The oUT pattem is the flow pattern that would leave the stop line if there are enough trafiic to saturate

t: g"* (see figure 3) After the queue dissipates, it is equal to the IN prtt., ro, the duranon of ttre
effective green. To determine the oUT pattem, the queue at the start oi th. gr.., time must first be
determrned

Figure 3 demonstrates flow pattems of this research. The arrival pattems of an intersection are equal tothe deparnrre pattems of the upstream intersection. The time oi rururution a**. pattems of treurtersection' queue dissrpatton time, is calculated by adding the number of vehicles arrived at theintersection during the time of saturation departure patterns to the number of queued vehicles at the startof ttre green time. The shadowed area ofthelN pattem is equal to ttre shaao*lJ area of the oUT pattem
in Figure 3.

<Figure l> Configuration ofTest network <Figure 2> Phase Sequence (Lead-Lead pattern)

Journal of the Eastem Asia Society for.Transportation Studies. Vor.4, No.2. october, 2001

inl. 4



r58
Young-lhn LEE, Wanseok CHOI and Jaeseung LIM
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<Figure 3> Concept of Arrival and Departure Flow Patterns

3.2 Objective Functions'for Minimizing Delays

The primary measurement of effectiveness of the model is average delay. The HCM delay fi'rnction was

appled rn tiis research. Delay is composed of a uniform element, a random element, and the delay due

totversaturation. The uniform delay is calculated by averagurgthe queue len$h overthe cycle. Random

and saturatlon delay is not considered in dre model ln ttre dynamic signal timing process, the delay

experienced by the vehicle amving at the intersection dunng the red time should be considered. Thrs,

total delay is computed as follows:
d=d xDF+D, --------"(l)

where. d.=0.3E,cxr 
(l-8-( )-.- 

.uniformdelay- -' - [t-tg ct' t I

DF =l O

os = the delav expenerrced br the velucle arnving at the urtersecuon during the red ume

D,=t@;tr-U,lc (r-l)+!. (a-l)+81n;) +('t, +;*+il'lg .r-D+s'ln-t\+s'141| +211 r

J =:dt' d.=la.t'sr' :r'.
r o:affic volume lor ntovement r

a averagedelar forullersectron r

Usually the major traffrc flows determine the purpose of the sigrral system On a Wo-way arterial
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network such as the test network, the movemenb to be progressed should be considered in the signal
system. ln the research three objective firnctrons were setup considering fie movements to be
progressed; rnbound, outbound, and botr movements to be progressed. The otieaive functions are as
follows:
(l ) Objeaive firnction for balanced movements

(p,.t, *o .t' +D' .v'+D- .v,l",=@ _-___A)

(2) Objective function for inbound movements

(3) Objecttve functton for outbound movements

---------(4)
where, F\' : ob;ecuve fi.urction

o' : averagedelav formovement t
rr' : tralfic volume for movement t

3.3 Mathematical Representation of the Algorithm

The matrematical representation ofhe cycle-free optimization algorithm is as follows:

Find c, c

,l,o,r,

8,.
:Dl

wd =L=)-8

t=t

-----------a
o,. _ D^V',

'v^

mr: =!!-,''
subject to

--------(8)

G,, +C,, =6.. +c,.. n{ r r. N

G,, +G. =C,. +G,. r,, r . r ,\'

,:,.G (' rr r i .V

G,zMG tot , | .\ rnd f,rr r .l .\
Mu (- SC : Max( (; .('> 0 .ad tnteger

*:=T

Fv' = 
D'r-
V'

3.4 Delay Calculation for External Movements

In this section, the calculation process of average delay for external movements is demonstrated. For
instance, average delay for extemal movements (movement #2, inteisection #l) is estimated based on
dre number of queued vehicles at the begnnng of the cycle, Q_{int}^2 (n) , and tire anival flow rate,lambda Traffic demand for extemal movemJnt # z is istimatJ uy uaihg;rd demand in cunent
cycle to ttre queued vehicles at ttre begrnning of 0re cycle. Thus, ur.iug. oeliy for extemal movement #
2 is calculated as follows:
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r.r
TDl = Q^tnt+ l$;tnl+ g; tn)l

=o'zsa-\*t171,-rt+gf1z-t)l+,tb1,,,*r,t,rl -----(10)

C(u)=g,(r)+g'(n)+s(n.t+t(nl -------'-(ll)

,yj= r' .1.s '1g crrilr) '---'-(12)

+t(g;(r- l)x [8 1n - t1+ g'1r- l1+ g 1n;l

where.

3.5 Delay Calculation for Mid-block Movements

Average delay for mid-block movements (movement #2, intersection #l) should be expressed by the

fl.rnction of time. The amval time of upstream feeding flour and green time of movement #2 we valjelJ

depending on tre sigrral timing plars. Figure 4 shows the anival and deparnre pattems of mid-block

movement #2 at intemal intersection. Because of unrform disfrbution of taffic flows, ttre arrival pattem

of an intenection is equal to the deparnre pattem of tre upstream intersection. The traffrc demand for

movement # 2 (area in figure 4) can be calculated by the following unit step function.

f(t\ = Rlfi - l\x ult-l: )+f ' (, - l) x tr(, -r;)

*l!a-rt-r!o-r1l,t,-,{l-rf(,-l)xr(r-rj) +Lt'(,-l)'x('-'{1*[t,t'-u-r!'14-r1la1r-ril

-t\tn-rt,,rt-tll*{alt,t-nit,-r1f,,t,-,f l*rir,), !(r-rr)+t|('-rl-rjt'll'tr- '1,;-r.!t't
,r1r-rf,)+l{.{n),,1,-,f.t*[*rtrl-r!.trl],ufr-rf.,l -l:,(n)xu(r-t:.)+T'(r)xr(r-ri)+f,'121-11'tr)]

\u(t-t/,)-r|,(n1,,1,-,1r1*r!'tr),r(,-rfe)+ l:1n)-L.,o\l,u1r-ti)-L:,(n','u(t-t,.,1-nltrl pr(r-ri.)(14)

thus./(,)=i4,!(r-r') -----(15)

where. if tj . o. then rj =o (i=t k,22)

Time
# lnllowdNrbunql

Lqully rcpannon

i!:::i.

< Figute 4> Concepts of IN (anival) and OUT (deparnrre) Pattems
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When the green hme of movement # 2 is from rl to ri in figure 4, aver4ge delay for the movernent

#2 canbe estrmated by following equations

D'=d,:xDF'=d'+D' - --- --(16)

o =lrr*,,c1ny.--0--€- 
r''''i l

, ll-(, .r;;lJ.(lQ:@-t)' 18 (n-l)+8'('-l)+s(n)l+l()'' '(r- -r ) +2)'(r -I-)

+(i.,(t:,-t- ) +2)x(r'-t-.\+l;-(r -r;) i2)x(,. -t_\ +vrx(r-t,).i2)x(,: -r.)+|M(;-t:).:t); t. ----(17)

' 
where. 1.1n = traffic demand

Q!n,= QJ,-r)+lr'..1 f,OVt number of queued vehicles at rhe beginning of green rime

r' =lOX, - rt * lr':',, r.ttta, *(l! I r,v,)1, (ffi 
)

3.6 Coding and Decoding Process in Genetic Algorithm

Genetic Algorithms have considerable advantages when applying it to the signal optimization process. In
Genetic Algorithm encoding is carried out using binary strings. One of the most complex problem for
applying Genetic Algorithms to the constained optimization is how to handle constrains. Genetic
operators used to manipulate *re ctromosomes often yields infeasible offspring. Several techniques have
been applied to handle stgral consrarnts with Genetic Algorithms In ttris str,rdy, a fraction-based
decoding scheme is applied to handle the signal timing constrarns. Figure 5 illustrates the fraction-based
decodrng scheme

Mlhlmun C)'cle C:M irrC+(MaxC-MinC ) 
r ft

Cross street: Cr(1-f2)
"t

I
..........t

r.*Jl
l=.;-l

Brrr E;;;l
Where, MPi:minimum phase tlme, gi:phuse time. and li-thaction walue

<Figure 5> A fraction-based decoding schente
(source ParkB K l)(\!i,)lh.nl,r'(i.neocAlgorthnr-lr.,se.lslg1al()ptrmrzatonProgrrmtor(tcrsaturatcll
lntersectron-. Iexat.{&\I I Dl\..rsttv l99x l
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4. DESIGN OF EXPERIMENT

4.1 Test network

The proposed model was tested on a arterial network consists of 4 intersections. The raffic conditions

are as follows:
. number of lanes: right-turn tltroug[ and left-tum lanes

. phase sequence: Lead-Lead sequences, dual ring NEMA types

. mimmum rycle length 70-sec marimum cycle length 160 sec.

. minimum green - main sfteam (Eas+rWest) ftrough movemens: 25 sec.

- cross sfieet through movements and left-tuming movements: 15 sec

. initial number of queues: 5 vehrcles for eactr extemal movement
o saturation flow rate: l,800vph
. link taversing speed: 36km/h (l0n/sec)
. Yellow time: 3 sec.

. simulation time: 30 minutes

141aca
141

-llt

(v/c=0.7)

<-100m

<Figure 6> Tuming Volurnes and Network Geometrics
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4.2 lVlodel Programming

The model was embodied using MATLAB, the language of technical computing. Lp
produced tre Initialsigrral timings for intersections in MATLAB library. Figure 7 shows the flow ofttre
cycle free sigrral timing approach wittrin fie MATLAB programming.

Main program

(saturatlon Flow rate.
simuitron time. md
st{tmg ntfisrction.l

CIC.m
(Cycle free Traffic Control)

Sl.m, S2.m, S3.m, S4.m
(Calculate initial signal timingl

Which C.m
(Which intersection shall we start?)

Simulation time

>30

<Figure 7> Flow chart of the Cycle_free signal timing model
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4.3 Measures of Effectiveness

The model provides various MOEs to represent traffrc conditions in given control strategies. The

;;";;.; of the cycle-free signal timings was evaluated in movement-by-movement

iornp6ronr. The methods for measuring model performance are (l) .tlr. number of queued

vehicles at the end of green time for each movement, and (2) the number of vehicles passing

through the intersection.

5. RESULTS

The performance of the rycle free signal timing produced by ttre proposedmodel was compared with (1)

ri*.d rEa timing perform-r.r *tl, MATLAB prosralr\ (2) PASSER Il, and (3) TRANSYT-7F.

5.1 Comparison with fixed signal-timing plan

The fixed signal timing plan was produced by TRANSYT-7F Figure I shows cycle lengtts and green

times for rnlersectionsproduced Ly TRANSYT-7F under same tafftc conditions. The MOEs of tre

proposed modelwas compared to dtose of *re fixed signal+iming plan produced by dre same MATLAB

program.

Young-thn LEE, Watrseok CHOI and Jaeseung LIM

.Table I > TOD Plans 1 Fixed signal tming plan$

V/C= I 0

Int. #
EB. mov WB. Nvl t NB. nov l* SB. nov t

LT. 5 TH. ] LT. I TH.6 LT. ! TH. E LT,1 IH.4

nrl 14 14 J1 12 t: tl

ur2 6ll 2 6E 1i l:

un 6ri 68 ]J 15 l l

mt4 6E 6r l5 l5 5 t5

5.1.1 Variable cycle lengths and green times of the proposed model

Figure 8 shows tre cycle length vanafrons ofintersections on the cycle basis under normal (v/c=0.7) and

ov-ersaturated (vlc=i.O) radc conditions. The proposed model produces variable cycle lengths and

gre* tlm.s foi intersections. ln general, ttre cycle lengtts of the proposed model were longer tran the

fi*J,y.f. lengths produced by-TRANSYT-7F. Vuiable cycle length results variable offsets among

rntersections. tf,. figur. shows that ttre proposed model accomplishes the basic objectrve ofthe research'

producurg cycle free signal timings on the cycle basis'

JoumaloftheEastemAsiaSocietyforTransportationstudies'Vol'4'No'2'October'2001

V/(l = 0,

Inl. #

EB- nov t q WB. nov t NB- mv't, SB, mv\

LT. i LT. I TH. 6 LT. ] TH.8 LT. ? TH: 4

lnt I 2l 6J 2l 65 )1 11 31 11

lnt: t7 5t ll I :6 26 26 l6

lnt l ll 5t I I l6 26 l6 :6

htl l7
'l

l7 SI t6 t6 26
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5.1.2 Number of queues

Figure 9 shows the cumulative number of queues at the end of each green time for intersections. The

,,.irrb.r, of queues are increasing for both cases, but the increasing rates of the proposed model are

smaller than 6ose of the fixed signal .trming plans on bottt conditioru. It indicates trat cycle free sigral

umings could be more beneficial to manage the number of queues lenglh the fixed signal timing plus.

intersectron I

tim€ (se{:) _t_t--l- ., udrl _---rrx'd vr:le

E-.E!
I6

E-tt
E.a

Ef:2
I
6

€^.;€:!,

6

. l[ire (sPl')

--a-l,xHd ,:y,l"

(a) normal condiuon(v/c=!.7)

--a-'" r"

rnterse''tron 2inIersel:lion. I

' time leerl I- tlme lea'l

trme (s _#new model --l-f txed cycle ,--'-new mode-l -*-f ixed cycle--

inlerseclion.4

< 8ti
o^
C - .,,o6
6.) ,i
f
o
f-
o

!

9o
ov
l
o
, r.

l

E

fr
o,o

iolels(:elion.3

o^
ot
6.3',
o
f

_'''" 
*-*-nuw 

moder --.t-lrxed cycle time l--{-new mcdel --.t--fixed cycle

(b) ovcrsaturated conditronsltlc= I (r1

<Figure 9> {ueue length accumulahons
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5.1.3 Throughputs

Figure l0 shows the cumulative number of throughput for intersections. ih normal conditioq tre
propbsed model allows slightly more vehicles passing through the test network, but trre cumulative
numbers of tlroughputs are almost same for bottr cases. It means trat most of vehicles can passing

ftrou$ tre network mder normal conditions. On oversaturated conditions, the proposed model allows
more tkoughput than tre fixed signal timing. It shows ttrat the cycle free signal timing is superior to lhe
fixed signal trmmg to manage oversaturated traffic flows of intersections.

interssctton.l

,o^
oo

ttn " 
*llt r:_l -*_lg: r :tr r" I

6!"

.,.:,: r_

,lJ{ | lJ,f I

'"1 -15" --.- -^ ) ----,.-o , - 
t'''-- 

--{-,-d.r,.J,r t , 
^-l , p

(a) normal conditions(v/r=0.7)

2

interssction-2

tc

--

f
o^
!Er60
6-'
E.

inteis eclionl3 Iil
o^CE60
6-

! !-, 1-n.: :r. I I| .r_-_-.__IlL_. _u,,_--fu_ :l_ -- _;..=_J-trir1d__c1_" ..rl.T9 [sdtn9, 199_"i -.--rixs; "v"r"-i
@) owrsanrrated conditions(v/c=l 0)

<Figure l0>ThroughputAccumulations
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5.1.4 Summary.

eueue lengths and tkoughpus produced by the rycle free signal timing and ttre fixed signal timing are

summuized in table 2. The result shoun that

(l) tre proposed model accomplisha ttre basic objective of ttre research, producing cycle free signal

timinp on the rycle basrs

(2) On N;nnal.orditio*. Even trough most of vehicles can pass ttrough the nenrork" cycle free signal

timings could be more beneficral to manage raffic flows in tre viewpoint of managing queue

lengts
(3) On oversaturated conditions, tre cycle free sigrral uming is superior to tre fixed signal timing to

manage satnrated Eaffic flows of intersections

<Iable D Summary of Model Performances

(a) nqmal condition (V/C = 0 7) (b) oversatumted condition (V/C = I 0;

5.2 Comparison with PASSER II and TMNSYT-7F

The performance of tre rycle free sigral timing produced by the proposed model was compared to

PASSER II and TRANSYT-7F. The direct comparison of MOEs produced by the proposed model to

trose of PASSER II or TMNSYT-7F nught be not suffrcient for model evaluation because each model

has different objective functions and different modeling approaches. Nevertheless, the trend of MOEs

may be usefirl to evaluate $e model performance.

Tabla 3 and 4 summarized delays and queue lengths produced by ttre proposed model, PASSER II, and

TRANSYT-7F. The MOEs were estimated by respective simulation runs of ttree models under he

same geometric and faffrc conditions explarned in the experimental desigrr section

In tre delay compansorl ttre proposed model and TRANSYT-7F produced similar levels of delays on

frre normalcondition (v/c:0.7). On tre oversaturated condition, the cycle free sigrral timings produced

superior results (small delays) companng to tltose of PASSER II or TRANSYT-7F. It shows that the

cycle free sigrEl timing could be a good sigral contol strategy under saturated conditions.

The average queue length analysis in figure 9 dso represents similar results as delay comparison. The

propose.d model produced better resuls (smaller queue lengths) than PASSER ll, especially under tte

oversaturated conditrons.

V/C=0.7 Int I inl 2 inl 3 int 4 total

queue

length

New model 683 {62 394 226 I765

Fixed Cycle 1260 695 610 268 28ll

Throu$

puts

New model 1223 t3t4 I2l I 1279 5091

Fixed Cvcle I 169 | 192 ttt27 1003 {19 I

VlC=l.ll inl I irt 2 int 3 int { lotal

qucuc

lenglh

Ntw model 1568 9{3 I 193 611 438 I

Fixed Cycle l68l |L21 t121 65t 4786

ts
New tnodel I 545 t162 1411 l'l'16 6l 56
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<Table 3> companson ofdelays (sec/veh)

Comparison
Of delal' New model PASSER- I] TRANSYT.TF

vlc.

0.7

int I 28.0 138.5 28. r

int 2 28.4 t37.74 29.3

int l 27.5 31.15 21,7

int J 26.3 32,t2 28,5

v/c

1.0

int I 60,7 124.t1 196.2

int 2 58,r 123,95 194.4

int 3 56,3 293.76 r 95.5

int l 59.1 293.86 t 95.1

<Table 4> comparison of queue lengths

6. CONCLUSIONS

The purpose of this study is to setup a signal optimization proceduie using genetic algorithm
and to develop a cycle-free based, coordinated dynamic signal timing model for minimizing
delay based on Third-generation control concept. The performance of cycle-free signal
timings was evaluated in movement-by movement comparisons. The methods for measuring
model performance are the number of queued vehicles at the end of green time for each
movement, and the number of vehicles passing through the intersection. The result shows that
the cycle free signal timing is superior to the fixed signal timing to manage tra{Iic flows of
intersections.

This research was an initial attempt to develop a cycle.free based, coordinated dynamic signal timing
model. Further research is recommended to enhance the proposed model as follows:

(l ) Field validation on a real network is necessary to confirm the benefrts ofthe proposed model.
(2) An optimization algorithm for minimzing queue length is required to manage oversaturat€d

conditions.

The proposed model can produce signal control variables such as cycle length, green time,
and offset in a cycle-by-cycle basis. Thus the model can provide rno.e 

"ffectire 
control

V/C = 0.7 V/C = 1.0

int, I int.2 int.3 int.4 int.l Int 2 int.3 int.4

N P N P N P N P N P N P N P N P

flow

m0ve

ment

I I 7 0 7 1 5 0 5 0 87 0 87 ll <, I 52

, 32 l0 l5 l0 5 7 t2 7 50 262 262 2t 98 1 98

3 0 l 0 3 0 3 0 3 I 5 0 5 7 5 2 5

{ 5 172 7 t72 6 6 9 6 t5 187 23 187 t1 62 20 62

5 I 7 I 0 5 0 5 15 87 0 87 0 52 0 52

6 0 l0 0 l0 0 7 0 1 0 262 1 262 4 98 0 98

7 0 J 0 3 0 3 0 3 0 5 I 5 I 5 I 5

8 6 5 9 5 4 6 9 6 23 8 21 8 l8 62 24 62
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strategies for managing traffrc flows on arterial networks. lt is expected that the model
developed in this research will obtain wide acceptance. in conjunction with the signal control
systems in the traffrc control field.
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