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ABSTRACT

This paper studies the performance of keep-right traffic rule in most
countries. It points out the inadequacies of thetraffic rule, putsforward an
improved one. And also it considerstheimpact if thetransportationisfully
controlled by intelligent system. Applying AHP (Analytic Hierarchy
Process) and fuzzy comprehensive eval uation method, weighing three main
factors astraffic operation, human factors and safety, and nine sub-factors
like vehicle speed, traffic flow and accident rate, we establishes a fuzzy
comprehensive evaluation system. According to the linear model of Green
shield, we establish alinear relationship between vehicle speed and vehicle
density. Through simulation, we compared the traffic conditions between
the current traffic rule and improved one, and the conclusionisarrived that
the improved traffic rule can promote the smoothness of traffic both in
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INTRODUCTION

In most countries people should obey the keep-
right-except-to-passrule. When overtaking, thedriver
would moveleft onelaneto overtake, and then return
totheoriginal lane. Doesthe conventiona ruleperform
wel|? Canit effectively promotethetrafficflow?Inthis
paper, amathematica modd isestablishedto andyze
theperformance of traffic rulesin heavy and light traf-
fic. Themodd combinesthefeaturesof AHPand fuzzy
comprehensive eva uation, weighsthefactorsliketraf-
ficflow, traffic safety, vehicle speed and others. This
paper dso establishesard ationship betweentrafficflow,
vehicle speed and vehicledensity, pointsout that when
thevehicledensity islarge, thetraffic rulescan not ef-
fectively promotethe smooth traffic, and proposesan
improved trafficrulewhich caneffectively solvetheprob-
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lem. What’s more, this paper discusses the modifica-
tions and adjustmentsthe strategies needed in coun-
triesof keep-left driving. Findly, it discussestheimpact
whichwill bring to theresultsof model analysiswhen
thetransportationiscompletdy controlled by theintel -

ligent system.

ASSESSING THE PERFORMANCE OF
TRAFFICRULEBYAHPAND FUZZY COM-
PREHENSIVE EVALUATION MODEL

I ntroduction of M ethods

Thisgpproachintegratesthedud advantagesof fuzzy
and AHPY, appliesthefuzzy principle onthebasisof
fuzzy theory, which quantifiessomeill-defined factors.
It can eval uatethe decision of multiplerulesscientifi-
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caly and systematicaly. This paper studiesthetraffic
performanceof lanerulesboth onright and | eft, divides
theeva uation systeminto ahierarchica structure, and
determinestheweight of eachindex by applying AHP,
then makesfuzzy comprehensiveeva uation hierarchi-
cdly. Finaly theoverdl resultsof theevduationwill be
drawn.

Comprehensiveevaluation modd of traffic perfor-
mancefor keep-right-except-to-passrule

Build an evaluation system asshownin Figure 1.
Target layer isthe performanceof trafficrule. Main cri-
terialayer indudeshumanfactors, traffic operating sate
and safety performance.

Parameter sand evaluation criteria
Trafficoperating state

Traffic operating state mainly consistsof 4 param-
eters, i.e. overal speed, traffic flow, traffic density and
rateof mixed vehicles. Explanationsand evauation cri-
teriaof theseparametersareasfollows:

e Overdl Speed, Traffic Dengity and Traffic Flow

Overdl speed meanstheaverage speed of vehicles
inacertain section of aroad. Calculationformulaisas
follows

N
Vg=60-S-N/'t, )
j=1

In thisformula, N—the number of some kind of
vehides

t, — Therunningtime (minutes) of avehicleinone
way trip

Traffic flow meansvehicleswhich passed througha
certain section of road in unit time (Q)

.9
Trefficdengity: Ry,

e Rateof Mixed Vehicles

Therate of mixed vehiclesisindicated by the pro-
portion of heavy vehidlesintraffic. Heavy vehidesmanly
includelargetrucksand containers. TABLE 1isthe
proposed eva uation criteriaof traffic parameters.

Safety includes safety facilities and the rate of
accident occurrence

Safety fadilitiesarecollectivenameof lighting equip-
ments, rails, stanchions, signsand markingsto ensure
the safety of vehiclesand passengers.

Thereationship between accident rate'? and stan-
dard deviation of velocity

y = 9.853e”®* )

TABLE 2 and TABLE 3 indicate the proposed
evauationgrade.

Humanfactorsincludedriving states, driving errors
and driving skills. They arejudged by people’s daily

human factors dviving state C1
B1 dviving errors C2
dviving skills C3
erall speed C4
Tt Traff o e
Performance ‘operating state rate of mixed
A B2 vehicles C8
o traffic density C7
Safety Safety devices
performance cs
B3 accident rate
c9

Figurel: Theevaluation system of traffic performance
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TABLE 1: Proposed criteriaof parameter of traffic operation

grade I I 1 v \%
Overall speed (V) >80 >75 >70 >65 >60
Traffic flow (Q) <25000 <35000 <45000 <55000 <65000
Traffic density (K) <12 <20 <30 <45 <60
Rate of Mixed vehicles <10 <15 <20 <25 <30
TABLE 2: Evaluation grade of safety facilities
grade I [ Il v \%

To be well-equipped,

criteria reasonable,aesthetic, installed,

To be basically and reasonably To be basically and

) To be unreasonably To be badly
reasonably equipped,

economic and practical economic and practical Structure-reliable equipped equipped
TABLE 3: Evaluation gradeof accident rate
grade I [ Il v \%
Accident rate (R) <10 <20 <30 <40 <50

experience.
Each parameter valuesin different traffic operat-
ing states

Thedefinition condition of heavy trafficand light
treffic:

When Q/C >1, itisconsidered asheavy traffic;
when 0< Q/C <1, thetrafficisconsidered light.

Q standsfor trafficflow; C standsfor traffic ca-
pacity.

Through accesstorelevant literature, therelation-

ship between the values of the parametersis obtained
asfollows

Vs =V, [1+(Q/C)]

B= oc\2/+ ocsK(Q/C)?’ 3)
s =KQ

In Formula
V; - speedincertain section
V. — Ve ocity designed

B.a, a,, oy~ correction coefficient

Each parameter vauesin different satesareshown
inTABLEA4.

We cantakeacase study in ChinaXilin freeway
for example, andyze each parameter vauein different
operating Satus. Theresultsare cdculated asshownin
TABLES.

BioTechnology —

Referring to theabove data, evaluationiscarried
out according to experienceand eva uation criteria.

Theindex weight and evaluation resultsin light
traffic

Theindex weight
A=(0.24,0.39,0.37)

A = (0.4404,0.2070,0.2681,0.0845)
A, =(0.25,0.75)

A, =(0.1667,0.3333,0.5000)

The comprehensive eval uation results can be obtained
through the calculation processin4.21.

0.3521 0.4348 0.1522 0.0277 0.0304
R=|0.3141 0.5397 0.1462 0 0
0.0652 0.5249 0.4099 0 0

D = A-R=(0.2311.0.5090,0.2452,0.0066,0.0073)

After normalization, according to maximum member-

shipprincple

D = max(0.2313,0.5094,0.2454,0.066,0.0073) = 0.5094
It can be seen that thekeep-right trafficruleisina

better grade performancein light traffic.

Theweight of each index and evaluation resultsin
heavy traffic

The same method in 4.4 can be used to get the
comprehensveevauation of theresultsin heavy traffic.

Hn Tudian Jounual
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TABLE 4: Speed - flow general mode parameter tableof freaway

Type of Freeway Speed designed Vs/km*h-1 Traffic capacity (C) al a2 a3
120 2200 093 183 485
Freaway 100 2200 095 183 486
80 2000 1 1.88 49
60 1800 12 188 488
TABLE 5: Each operating parameter valuesfor Xilin Freeway
Parameter trafficflow Overall speed Trafficdensity Rateof Mixed Accident rateper 100 million
(pecu/d) (km/h) (pcu/km/In) Vehicle (%) vehicle kilometers
In Light traffic 36574 65.4 20.7 22 11
In heavy state 56529.6 35 67.3 22 9.853

0.2521 0.3348 0.2522 0.1277 0.0332
R=|0.0506 0.1020 0.0012 0 0
0.3178 0.2355 0.4467 0 0

D = A- R =(0.1978,0.0273,0.2263,0.0306,0.007)

D = max(0.1978,0.2073,0.2263,0.0306,0.007) = 0.2263

It can be seen that thetrafficruleof drivingonthe
right performsmedium in congested state.

Considering thetraffic flow, traffic safety, vehicle
gpeed limitsand other factors, and seen from the above
AHP and fuzzy comprehensveevad uation modd anay-
sis, the keep-left-except-to-passruleisgoodin light
trafficanditismediuminheavy traffic. The performance
canbeimproved.

TRAFFIC FLOW MODEL OF KEEP-RIGHT

traffic flow

RULE

Modd of traffic flow

Accordingto Greenshield linear model, arelation-
ship formulabetween speed v and vehicledensity K
can be gained under the keep-right rule:

\Y,
V=V -——K=V (1_£
TR f K. 4

J J
where V; isthe average speed of vehicles when the

vehicle density tendsto be zero; K isthe maximum

traffic density on freeway. Based on (3) and (4), the

relationship between traffic flow (Q) and vehicleden-

sity (K) canbegained:

Q=KV =KV, (1~ v, (k - K2 (5)
K. K.

] J

0 Km

K; vehicle density

Figure2: Q-K
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Whichisillustratedin Figure 2.

From above, we can seethat when traffic density
K < K,,,trafficflow will increase gradually and the
trafficgo smoothly;

Whentrafficdensity K = K, /2=K, thetraffic
flow becomesthelargest, and thetrafficisonthecriti-
ca stateof being light and heavy;

When K > K, thetraffic flow decreasesasthe

traffic dengity increases, which causesheavy traffic.
Therefore, itisnot effectivefor thekeep-right rule
to promotetrafficflow whenthetrafficdensity isbig.

Studeni Version

Sludent Vargion

Not for commercial ug

Not lor commercial use.

Infact, take athree-lanefreeway for instance; we
supposethat all driversfully obey the keep-right-ex-
cept-to-passrule. All vehiclesrunon right-most lanes,
and they arenot allowed to run ontheovertaking lane
except that they passother vehicles.

In this case they move one laneto the left, pass,
andreturntotheir former travel lane, whichleadstothe
unreasonabl e use of thesetwo lanes.

Ononehand, theright-most lanes, which arelow
speed lanes, easily causetrafficjam or accidents; on
the other hand, the usage rate of |eft-most lanes are
low, which are high-speed lanes. All of theabove cause
alow trafficflow, and block traffic to some extent.

£ high- ",

|
L-
L
5
-

A U

I.( ]nw' ) X

-l

Studem Version
Not for commescial use.

Student Version
Not for commer cial use.

Figure4: Simulationicon
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Theimproved model of keep-right rule

We propose animproved model after considering
thessfety andimproving theutilizationratio of high speed
lanetoavoid carscongesting, small and mid-sized cars
areallowed to run and overtake on high-speed lane.
However, thefull-size vehicles can overtake but can
not runonthehigh speedlane. All vehiclesareavailable
tothelow-speadlane. When thefull-sizevehiclesover-
take, they must returnto their former travel lane. By
contrast, thesmall or mid-sized cars can chooseto run
either on high-speed lane or slow-speed |ane accord-
ingtoitsspeed. Theimproved rulecan beillustrated as

|lThe total number of vehicle|

4000

3500

thefollowing

We conducted a simulation about the previous
keep-right traffic rule and improved onethrough the
software Vissim. Supposing that the proportion of the
numbersof full-sizecars, mid-sizecarsand small cars
arel:2:2 itssmulationdiagramisasfollows.

Inthesimulation, we count out the operation of the
vehiclesinthetwo traffic rulesin 30 minutesas shown
below:

From the Figure 5 and Figure 6 above, compared
withformer trafficrules, thetraffic flow will increaseby
8.26%inthegtateof light traffic, and 13.193%in heavy

3543

3130

3000

2500

2000

heavy traffic

keep-right principle

light traffic

heavy traffic light traffic

The improved keep-right principle
Figure5: Thetotal number of vehicle

B traffic density M average speed
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keep-right principle

heavy traffic light traffic

The improved keep-right principle

Figure6: Thetraffic density and aver age speed
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traffic under theimproved rules. Thusthe keep-right
improved rules effectively boost asmooth traffic.

MODEL EVALUATIONAND EXPLORATION

(2) Thefactorswith obscure boundary are quantified
by applyingAHPand fuzzy comprehensiveevd ua-
tion which provide strong support for multi-deci-
sions. Theimproved model isverified by analog
samulation, whichispractical and convincing.

(2) By modifying theaccident rate, theimpact of intel-
ligent syslem on traffic has been anayzed scientifi-
cdly.

(3) Someof the parameter are gained by experience,
the comprehens ve eva uation matrix obtained may
have somedeviations. Therefore, themodd canbe
explored asfollow:

Wemodify it by adopting grey classevauation, es-
tablishing four whitenization weight function asinthe
following steps: we get V ={10,8,6,3,1} based on
evaduationcriteria

Thefirst grey category isdefined as“highest” (e=1).
And designgrey number as ®, < [10, 00 thewhitening

weight functionas f,

d, /10 , d, €[0,10]
f.(d;) = 1 , d; €[10,0]
0 , d; €[-,0]

Thefirst grey category isdefined as“high” (e=2).
And design grey number as ®,, < [8,16] thewhitening

weight functionas f,

d, /8 , d,<[0,8]
f,(d;)=42-d,/8 , d; e[8]
0 , d; ¢(0,16]

Thefirgt grey category isdefined as“medium” (e=3).
And design grey number as®, < [6,12] thewhitening

weight functionas f,
d,/6 , d,<[06]
f,(d;)=42-d,/6 , d,e[6,x]
0 , d; £(0,12]
ﬂbgecétzofog C—

Thefirst grey category isdefined as“low” (e=4).
And design grey number as®, < [3,6] thewhitening

weight functionas f,

1 , d, €[0,3]
f,(d;)= 6—d—§ d, €[3,6]
0 , d; #(0,6]

Thefirst grey category isdefined as“low” (e=5).
And design grey number as®;, < [1,2] thewhitening

weight functionas f,

1 , d, €[0]]
fe(d;)=12-d, , d;e[l2]
0 , d; & (2,0]

Cdculdingthegrey datisticsand wel ght matrix, Cdl-
culate n;,n 1,(i=12,...,4) , thenwecan get weight
matrix R,

Solvethegrey statisticsof ®,,

n, = f,(d)+ f,(d;) + f,(d;) + f.(d;) + f,(dy)

=f,(7)+ f,(6) + f,(8)+ f,(5) + f,(7)

Similarly, for ®,, wecan caculate n,; n, for
s Ny ®,.
n, =n, +n,+n;+n,, wecancaculatetheevalua-
tionweight matrix:

® for For the grey number

Similarly, we can

get M2:f3 5 Ny s
ri,(i=12,3,...19) . Thuswecan establishweight ma-

trix R for improved comprehensive eva uation, which
makesit moreaccurate. Thefuzzy comprenensveevadu-
ation system becomesmore scientific and reasonable
based on themodified weight matrix.
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