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ABSTRACT

In this paper, average vehicle delay time is used as objective function to
evaluate the performance of intersection signal control. Through the
evolution process of dynamic adjustment in the population fitness the
value of crossover probability and mutation probability of the maximum
individual, then realize the improvement of genetic algorithm, effectively
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avoid the premature phenomenon. The simulation experiments show that

the method is an effective and reliable method.
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INTRODUCTION

Genetic agorithmswereformaly introduced inthe
United Statesinthe 1970s by John Holland at Univer-
sty of Michigan. The continuing performanceimprove-
ments of computationa systemshas madethem attrac-
tivefor sometypesof optimization. It can solve every
optimisation problem which can be described with the
chromosome encoding, and it a so can solve problems
with multiplesolutions. In agenetic dgorithm, apopu-
lation of candidate solutions(called individuals, crea
tures, or phenotypes) to an optimization problem s
evolved toward better sol utions. Each candidate solu-
tion hasaset of properties (itschromosomesor geno-
type) which can bemutated and altered; traditionaly,
solutionsarerepresented in binary as stringsof Osand
1s, but other encodingsare a so possible.

Theevolution usually startsfrom apopul ation of
randomly generated individuas, andisaniterative pro-

cess, withthepopulationin eachiteration called agen-
eration. In each generation, thefitness of every indi-
vidual inthepopulationiseva uaed; thefitnessisusu-
alythevaueof the objectivefunctionin the optimiza-
tion problem being solved. Themorefitindividuasare
stochastically selected from the current population, and
eachindividua’sgenomeismodified (recombined and
possibly randomly mutated) to form anew generation.
Thenew generation of candidate solutionsisthen used
inthenext iteration of the a gorithm. Commonly, the
agorithm terminateswhen either amaximum number of
generations has been produced, or a satisfactory fit-
nesslevel has been reached for the popul ation.
Genetic dgorithmscan befounditsapplicationin
bioi nformati cs, phyl ogeneti cs, computational science,
engi neering, economics, chemistry, manufacturing, math-
ematics, physicsand other fid ds. Withthe deve opment
of theindustry, invariouscities, chronictrafficjam hap-
pens and traffic congestions lose billions hours and
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money, In order to reducetheselosses, itisrequired to
create an efficient method to resol vetraffic congestion
andreducethedeay time. Inthisarticle, wewill estab-
lish four phaseintersection model, the average delay
timeto be shortest asobjectivefunction, usingtheim-
proved geneticagorithm, and thenfind theintersection
trafficsigna optimization solutions.

THE FOUR PHASE INTERSECTION GEOM-
ETRY MODEL

A typical four phase model of theintersectionis
showninFigurel. PhasedistributionisshowninFig-
ure 2. Therearefour approachestotheintersection, in
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Figure?2: Intersection phasedistribution

which each approach has three traffic (turn left, go
straight and turn right). Implementation phase control -
ling caneiminatestraight left traffic flow and traffic con-
flict,improvethedriving safety.

Model assumptions

Some detail ed factors complicatesthe setting of the
model, soto simplesand generalizethemode, anided
traffic conditionisgiven, inwhich only themainfactors
areconsidered.
< four phaseintersection modd ischosen asan ex-

anple
< thestandard vehicletype (small vehicle) astheba

Scmeasuring unit whilemeasuring thepassing vol-

ume
< only vehiclesare considered, pedestriansand non-

vehicles can go through the overpass or under-
ground passage

In this paper, four phase intersection geometry
model ismainly researched, and | ater research can be
extended.

ESTABLISH ANDANALYSISOFAVERAGE
DELAY MODEL

Delays can theoretically be cal culated, according
totheintersectionsigna intersection saturationflow rate
of each flow, traffic flow and traffic flow per sharedis-
tribution of green time. Using Webster delay calcula-
tionformula, theaverage delay of every vehicleinthe
intersection asfollowing formula(2).

_c(1-1)? X2
T 20-x%) " 290-x%) @
Where,

d = Average delay per vehicle on the particular ap-
proach of theintersection(s); c= Cyclelength (s); q=
thearriving rate (veh/s); 4 =Proportion of thecycle
whichiseffectively greenfor the phase under consider-
ation; x =Degreeof saturation (volumeto capacity ra-
tio)

Informula(1), thefirst termrepresentsthe average
delay tothevehiclesassuming uniformarrivas, whichis
cdled Uniformdelay.

c(l-1)°
d, =—— 2
2(1- Ax)
The second term represents the additional delay
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duetotherandomnessof vehidearivas, whichiscdled
Random delay.

X2

% = 2q0=n ©

Thisadditiona delay isattributed to the probability
that sudden surgesinvehicearrivasmay causethetem-
porary over-saturation of thesigna operation. Thethird
termisasemi-empirical adjustment term that wasin-
troduced inthemodd to account for specificfield con-
ditions. Whenthe saturationislow, the proportion taken
by the second part and thethird issmall, but with the
increaseof thesaturation, their influenceontheformula’s
result increases. Themodel isapplicablefor isolated
intersectionsand the permissible upper limit of traffic
flow for the model to provide satisfactory resultsis
dightly lessthanfull saturation.

Based onthered-timecollection of trafficflow data,
inorder toimport road intersection each phaseat | east
asthegod, thetota delay timetarget optimization func-
tionisestablished.

Where,
q; =thetrafficinthei-th phaseof thej-th approach

o-4)° %’
21-4%  20,(L-%))

> (a,l D@

(pch/h); X; = degreeof saturation inthei-th phase of

the j-th approach; q = the arriving rate (veh/s); 4 =
Proportion of the cyclewhichiseffectively greenfor

the phaseunder considerationinthei-th phase,
Thentheaveragedeay timeinacyclefor intersec-

tionisasfollowing,
2 4 c-4)? )ﬁjz
- ; izl{qij[z(l—il)ﬁj + 2qij (1- )g])]}
= 3 (5)
Z Zqij

j=1 i1

Assuming that each phase saturation islessthan
0.85, inorder to makethe average vehicledeay of the
intersection timereachesthe minimum, weget theopti-
mization problem asfollowing

2 4 C(l—ll)z )ng
. . ,Z:; izl{qij[Z(l—ll)g. " 2q,;(1- )g,)]}
minE = min 5 4' I ] ©)
2 24

t+t, +t,+t, =c-L

t <c-L-3x20

st. @)

'~ 0.85

Where,

L =totd lossof timeg(s); V. ..., = themaximum value of
flow rateratiointhei-th phase;

SOLVETHE MODEL BASED ON THE IM-
PROVED GENETICALGORITHM

Chromosome encoding and the gener ation of ini-
tial population

Membership function parameterscorresponding to
the chromosome using real number coding. Length of
thecoding isthe number of thevariable, sowechoose

t. (i =1,2,3) astheoptimization varigbles. If theCycle

timeand total lossof timeL areknown, weget t, as
fdlowing
t,=T-L-t —-t,—t, 6)
Ontheonehand, inorder to avoid search spaceis
too bigtoimprovetheefficiency of search, the popula-
tion sizeisnot too big. On the other hand, the size of
the popul ation selection isa so associated with the dif-
ficult level of solving thenonlinear problem. For strong
nonlinear degree of traffic system, we choose N=100
to keepthe population diversity

Fitnessfunction

In the genetic algorithm to optimizethe process,
according to thefitnessvalue of the size of the genetic
manipul ations of the chromosome, the objectivefunc-
tionisusualy thelargest value. Inthispaper, theinter-
section of the average vehicle delay asameasure of
performance eval uation of the control effect, sothein-
tersection average delay of vehiclesistheinverseof E
asfitnessfunction.

Geneticoperations

Threebasic genetic operatorsfor genetic opera-
tionsare selection, crossover and mutation

Hn Tudian Jounual
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(1) sdection, Implementation of theditereservestrat-
ey

(2) crossover, Arithmetic crossover

(3) mutation, Uniformmutation

Theoptimization process

The adaptiveadjustment method of crossover prob-
ability and mutation probability isadopted. In classical
genetic algorithm, the probability of crossover and mu-
tation operationswith fixed, according to different op-
timi zation problem, requiresrepeated experimentsto

determineP, and P,,,itishardtofind asuitablefor the
optimal valuesof each problem. To avoid the“prema:

’ Generate patterns ‘

l

’ Initial group ‘
+

Calculate the fitness function ‘

__f'"—!‘_\""-\_,_
oz -“"‘*-_H
—Ts the termination criterion ~—~—__ Y5
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With the crossover probability, exchange parts of the
two selected chromosomes and create two offspring
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With the mutation probability, randomly change the
gene value in of the two offspring chromosomes
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Figure3: Calculation flow chart
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ture” phenomenon, in this paper, weusetheimproved
adaptive crossover and mutation probability adjust a-
gorithm. Thecalculation flow chartisasfollows,

SIMULATIONANALYSIS

Simulation parameter Settingsareasfollows

< Assumeintersectionineach direction vehiclear-
rivesisrandom, whentrafficissmall it obeysPois-
sondigtribution. Whentrafficisabig, it obeysthe
Binomid digtribution.

<& Saturated flow for phase 1 and 3is 2000 PCU/h,
and phase 1 and 3is1000 PCU/h. (seeFigure 2)

<& The signal cyclec=120s, total loss of
timeL =10s

<> minimum greenlight time of each phasewhichis
obta ned by themaximum saturation limit

120V, o
9 2 ar
0.85
Intersection traffic parameters is shown in the
TABLE 1asfollowing
When the relevant data generation into the con-
straint conditions, weget the constraint conditions

t+t, +t,+t, =110

23<t, <47

21<t, <45

23<t, <47 ©)
19<t, <33

Thelength of thechromosomeis3, Evolution gen-
erationsis 100, populationisN=100,

< crossover probability isP, = 0.7, and mutation

TABLE 1: Intersection traffic parameters

phase Importdirection Trafficflow saturation
1 East import 300 2000
West import 350 2000
East import 160 1000
2 West import 140 1000
South import 350 2000
3 North import 300 2000
4 South import 130 1000
North import 150 1000
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TABLE 2: Comparisonresults

Effective green light time algorithm Phasel Phase2 Phase3 Phase4 average vehicle delay

Genetic Algorithm 31 26 31 22 14.25
Improved genetic algorithm 33 24 33 20 11.62
robabilityisP. = 0.01, [2] FV.Webster; Traffic Signal Settings, Department
P ISk, L . . of Scientific and Industrial Research, Road Research
Upper and lower limits of the adaptive probability Technical Paper No. 39, Her Majesty’s Stationary
[P,,P,,] =[0.9,0.01] Office, London, England, (1958).

Nan Ji; Mathematical Model for Designingthe Traf-
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experimental resultsshow that theimproved genetic d- mize the Nonlinear Programming Problem, Math-
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