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Abstract: This paper introduces a model which is based on fuzzv multiole criteria decision
making and fii:q integral mechanism for measuring the intersection'safety. This model
develdped can reflect the potential hazard factors antr be served as referenie for creating
interseition safetv improvi:ments. An evaluation structure is used bv the fuzzv analvtiE
hierarchy Droces5. and incomorated with the fuzzv intesral methodolosv to ieflect ihe
interactibn'effects of different considerations. The- fuzzv- statistics techiioue is used to
construct the membership functions of ouantitative and oualitative factors. From the emoirical
studyin Taipei city, afiua integral evaluation model'was set up taking both vehiclis and
road factors into consideration. The vehicle factors include five criteiia: averase sDeed.
motorcycle composition, large vehicle composition, left tum and right tum.rate,.andpotentiai
conflicis. The r<iad factor ch'aracteristics inL:lude four criteria: chainelizatron sltuarlon- slsn.
sight distance and number of approaches. The present study shows that fuzzy integral inoilei
can sufficiently and efficiently mieasure the safe,iy of interse6tions.

Key Words : fv?g analytic hierarchy pnocess, f:ttzzy integral, fuzzy statistics, intersection,
safetv

I.INTRODT]CTION

The intersection safety measurements in most of the orevious studies were nrimarilv
conducted based on th6 characteristics of accidents that hdd occurred. In some otlier casei
accident data were used to identift dangerous sections or locations. Such a methodology was
{qv.elope-d plmally on_the _basis of the iumber, severity or causes of accidents (Deacori, tgZS;
Risk and Shaoul, 1982; Higle and Hecht, 1990; Oiden. 1997\. To addresd the issue of
incomplete traffic data and to further diagnose traffic slfetv issuej. some attemDts were made
t-o- glplore the- pote_ntials of traffic accide-nts by looking into traffri conflicts (Chin and Quek,
l978iFzra, 1982; Lund, 1992). However, usiric the reirlts derived from such methodoloiv to
establish the correlations between intersection-hazard factors and improvement strategies is
very difficult, Since the correlations between hazard factors such as different drivine
behaviors, vehicle operation characteristics, geometric characteristics of the roads, trafliE
environments and dafety improvement me*ures are not straight and clear. fhus, a
comprelensive causal-anl-effett relationship gannot be established"using those conventional
factors for practical applications.

This paper attempts to construct an analysis model that can reflect the safetv of intersections.
serve as the basis for assessing the hazards posed by intersec.tions. identifu dangerous
intersections and improve interseltion hazard faitors. Tliis paper first creates an asses=sment
framework for inters-ection safety usins a fuzzv analytic hieririhr Drocess GAHP) derived bv
Saaty (1977. 1980). Then. it identifie-s the niaior factors that dffect interiection safetv anf
other relevant factors, and derives the membership functions. Finallv. oerformance scor6s can
be constructed through various factors to give a gbneral fuzzy assesim'ent ofeach intersection
examined in order to understand the safety Derformances of each intersection in all maior
aspccts. Also, the potential hazard factors oT6ach intersection can be identified which serried
as the basis for making improvcment recommendations.
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In addition. this paper assumes u furyy measure regarding rhe addition and indepe.ndence
between each assessment aspect and criteria to lmprove the conventlonal general tuzzy
assessment. Further, this pap-er develops a fuzzy integral model for the nature of human
subiective assessmenrs wliich can be dsed to identify 

-ihe 
potential hazards posed by each-

intdrsection and to rank such hazards as the basis for determining the sequence ot.
improvements.

2.BASIC CONCEPTS FOR FUZZY MEASURE, FUZZY INTEGRAL

2.1 General Fuzzy Measure

Fuzzv measure is a measure for reDresenting the degree of membership of an object in
candidate sets. It assigns a value to ea'ch crisp 5et ofthe universal set. and signifies the degree
of evidence or belief-of the element's memb-ership in the set. Let X be a universal set. Then.
fuzzy measure is defined by the following function:

g:P(X)-[0,1] (l)

which assisns each crisp subset of X, a number in the unit interval [0,1]. The definition of
function s-is the oowei set P(X). When a number is assigned to a subset eeP(X), g(A)
reDresents the dedree of availibie evidence or subiect's belief that a given element of X
belones to the sibset A. The subset assigned with the highest value represents that the
particllar element is most likely to be found in the subset.

For the DurDose of ouantifyins, fuzzy measure, function g must conform to several properties.
Conveniionillv. funition d is-assunied to have met the axiom of probability theory (which is
orobabilitv th6ory measuie). However, actual practices often go against such assumptions.
Therefore'fuzzy ineasure should be defined by-weaker axioms, andthe probability measure
will also becorire a special type of fuzzy meas:ure. The axioms of the fuzzy measures should
include:
Axiom l: boundary conditions

c!r:0 and g(X): t Q)

Axiom 2: monotonicity

For every A,B€ P(X) , if AsB ,then g(A)<g(B) (3)

If the universal set is infinite. it is necessary to add the continuous axioms. We are quite sure

that elements in question are not within thei empty set but within th-e universal set, regardless
of the amount of 6vidence that boundary conditioris in axiom l. As for axiom 2, it refers to the
necessarv evidence for oarticular elemdnts to belong to a certain set. At least it would have to
Ue of ehuiralent evidence required for the subset belonging to the set, and this is
monotonicity.

Fuzzy measure is often defined with even more general function:

g: B-[o,l]
where B c P(X) so that:

(l)deF andXep;
(2)if ae B, then 7. P;

(3)F is closed under the operation ofset union; that is, if Ae P and Be B,then AU B€ B

The set B is usually called a Borel field or o field. The triplet (X, €,g) is called a fiuzy
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measure space if g is a fuzzy measure on a measurable space (X, P ).

In oractice. it is enoush to consider the finite set. Let X be a finite criterion set, X= { xr, x2,...,
x" 1 , and P(x) be a cfass of all the subsets of X. It is noted that g( { xi } ) for a subset with a

single elemeint xt is called afuzzy density. In the following statement. we'll use gi to represent

e( Txi I ).

ln order to differentiate from other fuzzy measure models (such as ). -fuzzy measure.
F-additive measure, classical probability m6asure), we use the term "general fuzzy measure"
to desisnate a fuzn measufe that rehuires onlv to satisfu the boundary conditions and
monoto"nicity. A gentral fuzzy measure has the fewest numb-er of constrainis and is the most
general measuring pattem.

2.2 ),-Fuzry Measure

Since the specification of general fuzzy measures requires the values of a fuzzy measure for
alt subsets'in X, Sugeno Ind Terano itsll) incorp6rated thei.-additive axioin in order to
reduce the diffrcultfof collecting inftirmation. In'the fuzzy measure space (X, B,g), let ,1.

€(-l,oo). ff Ae P,Be B. pand A13=r/, and

s(Av B) = s (A)+ s @)+ ).g(A)s(B\ (s)

holds, then fuzzy measure g is ). -additive. This particular fuVzy-.1negsure.. also. named
Supeno measure.is termed ai ,1. fuzzv measure beca-use it has to fulfill i -additive (Sugeno
anJ Terano. 1977\. To be differentiated from other fuzzy measures, we denote ). -fuzzy
measure by'gi. Wheni.:0, this indicates that the measureis additive. Based on the axioms
mentioned'afiove, i.-fuzzy measure of the finite set can be derived from fuzzy densities, as

indicated in the following equation :

g /{xr,xz\) = gr + gz + lgtgz

where 91 , g2 repres€Dt the lirzzy denstty.
Furthermore,

I t-t I ..1-r

s_({xr,x2,...,x1}) = I", * 
E,._trn", 

+...+ e ggz...g r

2.3 Fulzzy Integral

Consider afvzry measure space(X.6.e). Let there be a measure function from X to [0,1].
Then, the definiiion of the fuzzy iniegi'al of / over A with respect to g is (Sugeno, 1974;
Sugeno and Kwon, 1995) :

lnfF)ds = sup la ng(A.lr")]
ae[0.1]

lfds = y.lf tr,l ^ s(X )l
where Xi = { xr, x2,..., 6 }, i=I,2,"',k.

where, F"= {x I f(x)> a, I .A is the domain of the fuzzy integral. When A=X, A can then be

taken out.

In the followins we will introduce the calculation of a Fuzzy Integral. For the sake of
simolification. c-onsider a fvzzy measure e of fi,P(X)) and X is a finiie set here. Let /:X--
l0 11 and assume without loss 6f seneraliti that the iunbtion f(xi) is monotonically decreasing
ivitti respect to j, i.e.. /(xr )>/(xz)>":>.f(*n). To assure ihis. the elements in X can be
renumbeied. Then we have

(6)

(7)

(8)

(e)
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In practice. / can be considered to be-the.performance on a particular criterioq for the
alteinatives and g represents the grade of subji:ctive i
Integral of / with reSpect to g gives the overall evalur

importance o-f each criterion. The Fuzzy
Integral of / witfi reipect to g giv'es the overall evaluatibn of the alternative. Besides. we cair
use ihe sarfie fuzzy measure"b"y Choquet's integral instead of the Fuzzy Integral ; ihen we
obtain

IfdS = .f (r,)g(r,,) +lf @,_,) - f (x,)lg(x,-, ) + ... + [/(x,) - f (*r)]g(x, )1t o;

Since the Fuzzy Integral model does not need to assume independence ofeach criterion, it can
be used on nonlinear situations. Even ifin an obiective sense. any two criteria are independent.
they are not necessarily reckoned to be independent from the subjective viewpoint ofdecision
makers. This explains the fact why the fuzzy integral with synthetic evaluation would be more
suitable. Furtheimore. even if oire criteri<5n is "physically" independent from the other, the
evaluation ofthe alternatives by subjects is according to the difference between the ideal and
actual values of the criterion. But the ideal value of each person should be different and
extremely difficult to measure. subjective evaluation can be effectively used. In the realistic
case of evaluation problems. the number of criteria will influence the calculation complexity
of evaluation problems. In this paper. we apply questionnaire surveys to derive two aspects
and nine assessment criteria. assuming that all criteria of each aspect are independent. Due to
applying the idea of fuzzy measure. we release the assumption of criteria independence;
therefore, figuring the interrelation of each criterion is the most important part in the
evaluation process.

ln this paper, we apply eigenvalue method to solve the ). fuzzy measure. The information in
the following matrix is obtained from the expert questionnaires, it is derived from all subsets
that are usedto evaluate aspect X. We can rdconsiruct the intenelationship between aspect X
by solving the eigenvalues and the corresponding eigenvectors.

{Xr }

{Xx}

{X'. X, }

{xr. & }

I

{Xr, Xr,"'. XK }

(X, ) {X: ) ... {Xx } lXr, Xr I {Xr, )L } ... {Xr. Xr...., Xx )

I au atK

ll ap I ...

rl

l/arx "' I (l l)

Therefore. the eigenvector corresponding the maximum value of eigenvalues represents the
importance of each combination and aspect. For example, the vector [w1,w2,w12] represents
therelative weights of importance of 2 aipects situationfxl,xz,{xr,xz}1.-

3.CONSTRUCTION OF MEMBERSHIP FUNCTION

Through l0 expert questionnaires, this work converts the results into membership throueh
fuzzy itatistics.'The ierformance levels for measuring the safety of intersection are'separatEd
into r'good", "moderite" and "poor", according to the"degree of different memberships.'

3. I Continuous Membership Functions

To count the responses on each performance level from questionnaires, we calculate the
frequency. By the way of curve fitting. we can establish the membership function of each
quantitative criterion for each performance level. In actual applications. ohe needs to assign
the actual performance values (e.g.. vehicle speed of 35 kmAi) of each assessment criteri5n
employed for each intersection to the membeiship function of each quantitative indicator for
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each level to identify the extent ofsafety level. Table l, and Figures I and 2 contain examples
involving "vehicle sleed."

Table I . Membership Frequency of "Good" Speed Safety
Spqed(km4q) l0 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
MelnbershiP 8 8 8 4 3 2l l o o o o o o o o o

Y::?.:':'L'l 0.80.80.80.40.30.20.1 0.1 0 0 0 0 0 0 0 0 0rrequency

1

.t .3 0.8eai
8b0.6
!-O
sE0.4*>0.2

0

y = -0.429x+ 1.0714

R2 = 0.8421

; Membership
frequence

Membershrp
Function for Good
safety

02040
l l. Speed 46.8

Figure l. Membership Functions for Good Speed Safety

Degree of Membership

60

1.0

0.8

0.5

------*--t'
I

:

I

Good,

:
I

r r.8 20 l2.j 40 qo r s+.: ss.z 60 64.7 80 832 90

Figure 2. N{embership Functions for Speed Safety
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Ugood :
).8 l(x< I1.8
-0.0229x+l .0714 1.8<x !46.8, R':0.84

46.8 <- x

IIumoderate

0 <32.5
0.024x-0.78 25(x<54.2, R-=0.98
-0.05x+3.2333 tl 2<x,:64.7.R=09868

164.7 1x
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3.2 Discrete Membership Functions

Since discrete membership functions are limited subsets, the s-afety assessment of.qualitative
indi.utorr should be obtaiired through semantic conversions of expert opinions solicited from
qrirtionnuir.s regarding the exten'i to which such qualitative factors.are related to each

performance levei. To 
-obtain the degree of membership of each qualitative indicator on

hiff.r.nt safety levels, this paper employs fuzzy statistics by creating.a membership_frequency

table which citegorizes uarious safeiy lLvels into "good",_"moderate" and "poor". The degree

of safety membErship (good, modeiate, and poor) for the safety level r of the assessment

criterion yr.; is represented as follows:

u1; ( r*,,r,) : (N'N' O,n'J' P'A.{ ) (12)

Where N, (r=1,2,...,R) represents the number of experts selecting.level r as "good".safety
p.ifo..un"i, O,f i:i,2,"',n)represents the number of experts selecting level r as "moderate"

iafetyperforman.",undp, (t"t,2,....R) representsthenumberofexperts-selectinglevelras
"pooi"'safety performance. Taking the creation of membership functions of channelization for
eiample. theri are indicated in fable 2 through Table 4. The conditions indicated in such

tablei are based on eight channelization designl. Condition I indicates full compliance with
the principles and objeictives of channel designs. Condition 2 refers to compliance.with,seven
sucli principles and 

-objectives, 
and Condition 3 six, Condition 4 five, Condition 5 four,

Condition 6 three, Coirdition 7 two and Condition 8 one. Condition 9 represents total
incompliance. The membership functions are represented as follows:

u channerization (good, moderare. poor) = (ffiTlii*T 
f"-ff.:li;T"i;xtJ"r;i:t*:" H|:;

performance under condition r , and membership
degree of poor safety performance under condition r )

(13)

In addition, in Figure 3, a bar chart juxtaposing "good",_"moderate" and "poor" safety
performance level is created to indicate changes of membership degrees.

Table 2. Membership Frequency for "Good" Safety Performance under Channelization

Channelization Condition 56789
Membership Events

Membership Frequency

102
L0 0.2

00
00

0

0
0

0

0

0

0

0

0

0

Table3. Membership Frequency for "Moderate" Safety Performance under Channelization

Channel iz;r'ion Condition
.irersiriD Events

Meni l.t'rship Frequency

0

0

I
0.1

2

0.2

1

0.1

35
0.3 0.5

000
000

Table 4. l,Iembership Frequency f<ir "Poor" Safety Performance under Channelization

Channelization Condition
Membership Events

Membership Frequencl'

0

0

I
0.1

I
0.1

I

0.1

2 3 5 8 l0
0.2 0.3 0.5 0.8 1.0
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Degree of membership

1

0.8

0.6

0.4

0.2

0

4567
Channelization

Ufull compliance with principles and objectives of channelization design

Ucompliance with seven principles and objectives of channelization design

Ucompliance with six principles and objectives of channelization design

Ucompliance with five principles and objectives of channelization design

Ucompliance with four principles and objectives of channelization design

Ucompliance with three principles and objectives of channelization design

Ucompliance with two principles and objectives of channelization design

Ucompliance with one principle and objective of channelization design

Uno compliance with.any- principles and objectives of channelization design

Figure 3. Membership Function of Channelization

4.MODEL CONSTRUCTION

As indicated in Figure 4, the model construction process-of this paper involves.two stages.
For the first stase.ixDert ouestionnaires are used t6 identifv the asieisment criteria, based on
which the quest'io'nnaires for the second stage uue designed to determine the relative weights
of such crit'eria. Fuzzy statistics is used to c-reate the riembership function of each criterion.
The eigenvalue method is used to obtain ,1. value and create a fitzzy integral model.

The steps for constructing the intersection safety
discussed as follows.

4.1 Identification of Assessment Criteria

assessment model in this research is

Resardins the safety asDects and assessment criteria contemDlated in this paper, safety factors
corisidere-d in relevant'literature are considered, followed'by the seleition of twbnty-one-
assessment criteria chosen on the basis of principles such as the accuracy. ease ol'
measurement, improvability. representation and tjconomy of acquired- data. -The safety degree
of intersections 'is preliminarfly divided into four aipects: people, vehicles, _ro:rds and
environments. Each issessment iriterion and its descriptibn are irovided in Table 5. From the
first exDerl survev. scores are assigned to reDresent the'importance ofeach factor to obtain the
assessnient value of each factor. Ihc signifiiant criteria ar'e chosen by the fuzzy trigonometric
function. which is the seometric meariover the threshold value7.62. And, it is derived two
aspects, such as the "ve'hicle" and "road" aspects, and nine assessment criteria (See Figure 5),
su'ch as vehicle speed, motorcycle percentage, truck percentage, tuming ratio, potential

Journal of the Eastern Asia Society for Transportation Studies. Vol.4. No.5. October. 2001

ElGood

I Nloderate

EPoo.



268
Pin-Yi TSENC and Feng-Yu LIN

conflicrs. channelization. sisnage conditions, visibility conditions, and approaches of
intersections. Since there is I nfth degree of conelation among the responddrits regarding
"conflict points" and "potential c-onflicts", we choose the latter which is easier to calculate
and used as the representation.

4.2 Weights of Criteria

Based on the assessment criteria selected in above procedure, the second-stage questionnaire is
desiened to calculate the relative weight of each ciiterion through a fuzzy analytical hierarchy
orociss. After consolidatins relative weishtines of expert opinions reqarding each aspect and
ihe calculations of relative rieights. the ovErall fuzzy w,iightirigs are indicated in Figure 5.

4.3 Construction of Membership Functions

The membership functions on each safety level of assessment criteria include quantitative and
qualitative indiiators. The safety levels are categorized into "good". "moderaie" and "poor"
l'erels. Regarding the construition of membe-rship functiois. this paper utilizes fuzzy
statistical inalt'sEs to construct quantitative and'qualitative memberslip functions (as
described in seition 3). The conversion coefficient is nbrmally assigned by th'e research bas'ed
on the evaluation preferences. In this paper, [00,05, 1.0]'is used as the conversion
coefficient.

4.4 luzzy Multiple Criteria Evaluation

Fuzzy multiple criteria evaluation is conducted based on finalized assessment criteria, their
weightings and membership functions (Hwang and Yoon. I98ll Chen and Hwang, 1992), and
the "asses"sment outcome ii defuzzied'to obiain the safety level of each safe-ty aspti6t of
intersections.

4.5 Fuzzy Integral

In order to obtain the importance of road and vehicle aspects. the eigenvalue'method (as
described in section 2.3) i's applied to the results of the sebond questio-nnaires to solve ,1. ,.
The safety assessment value ofeach aspect as derived from the ab6ve-mentioned procedure is
then incorporated lnto the general aslessment conducted via the fuzza analytic hierarchy
process to obtain the overall safety level ofeach intersection studied.

5. CASE STUDY

In this work, four out of ten accident-prone intersections in Taipei City in 1999 are selected as
the subjects of assessment. Such inte'rsections include Citizen Boulevard and Linshen North
Road, Minchuan East Road and Chienkuo North Road, Hoping East Road and Keelung Road,
and Minchuan East Road and Sungchiang Road, with annual accidents of 39,29,27 and26,
respectively. The above-mentioned methSds are'employed to assess the safeiy l6vel of each
intersection. The weightings of each assessment criterion are shown in Figure 5.

5.1 Safety \{embership of Each Assessment Criterion

Ihc lrcrfornn*nce value of each assessment criterion is calculated based on the actual data
1,i., 111qr{ ficm the four intersections and assigned to each quantitative and qualitative
rnemixrship functions constructed in section 3 to obtain the safety membership of each
assessrrlunt'criterion for each intersection under various levels. For 6xample, the'calculated
results of the intersection of Citizen Boulevard and Linshen iiorth Road are-shown in Table 6.

5.2 Fuzzy Multiple Criteria Evaluation and Defuzzization

The vehicle speed at the intersection of Citizen Boulevard and Linshen North Road is taken as
an example:

cil =[0.0080,0.1584,0.42,s0] . [0 iu00. c.2200,0.1096 ]:[0.0000,0.0349,0.0466] (14)
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Aspects

People

Vehicle

Road

A Fuzzy Integral Model for Measure of Intersection Safety

l'able 5. Descriptions of Each Assessment Criterion

total parting, entry and intertwining points
g the lines of motion at intersections.

area of an intersection.

exrstence o greater the
ization. the safer.

Descriptions

rat10 0 golng
n

the ratio of drivers driving through intersections
a exceedi the speed limits.

r icts that may occur w-ithin
units of time between pedestrians and

hicles.

he ratio of special pedestrians moving across the
of intersections. such as the visually and
ly handicapped and senior citizens.

traltic of pedestnans across the
faces of intersections.

ratio of illegal crossings of pedestrians.

total traffi c of vehicles entering intersections.

vehicle traffic within a unit area.

percent e speed at which a vehicle enters
intersection
s refers to the percentage .o

vehicles enter intersections.
the percentage of truc s among
lntel'sectlons.
the ratio of turning among ve
entering intersections.

Veh2. potential weighted conflicts at intersections.

.her approprjate signs are set up. the signs
ld be set up in r,vays that give the drivers
uate reaction time. The more appropriate a

c sign, the safer.
I visibility refers .to the parking and
visibility ior the 85'h percentile of r[hicle

'such as three-approach, four-approach or
h intersections.

he-degree of illumination affects the visibility
:onditions and visual field of a driver.
llumination may be measured by CNS DIN5044
uch as sunny, rainy days, thick fogs, etc. r,l'ill
ffect the visibility, visual field and judgment of a

Violations

Pedestrians and
Vehicles

person
lhr

Potential Conflicts

nage Condition

Illumination

Weather Condit

E,nvironment
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Figure 4. Construction Diagram for Intersection Safety

ASPECT

t
T Vehicle -T-

I,o.,or.0.s78.0.833) I

Intersection -l t
Safetr' 

-l 
r"LRoad+

( 0.167.0.422.0.858 ) 
t

Figure 5. Fuzzy Weightings of Assessment Criteria
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CRITERJA

Vehicle speed ( 0.008, 0.158, 0.510

Motorcycle Percentage ( 0.005, 0.065, 0.205 )

Truck Percentage ( 0.006, 0. I I 9, 0.43 5 )

Turning rate ( 0.008, 0.083. 0.287 )

Potential conflicts ( 0.008,0.153,0.471 )

Channelization ( 0.021. 0.054, 0.436 )

Signage condition ( 0.009, 0.054, 0.183 )

Visibility condition ( 0.021, 0.194, 0.552 )

No. of approaches ( 0.008.0.069.0.ii5 )
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Visibility Requirements
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Table 6. Safety Membership of Each Assessment Criterion for Intersection of Citizen
Boulevard and Linshen North Road

Values in
Assessment Criteria Various Safet Levels

Motorcycle
ruck

rnlng

Channelization
Conditions

is based on

As for defuzzization,

r,, =[0,0.0349, 0.0466]. I O,O.S,l.0 ]' : 0.0641 (detuzziedvalue)

Vehicle
Motorcycle

Tuming Ratio
Potential
Entire Quantity I

(ls)

The same orocedure is applied to calculate the related values and is shown in Table 7. Based
on the caliulations for ttie general fuzzy assessment, we can compare the safety performance
of various items under the c-ategories of "vehicles" and "roads" at the intersections.

5.3 Fuzzy integral and Ranking

The safety performance data regarding the vehicle and road aspects obtained from the above
procedur{ aie used as the input data fo-r the final fuzzy integral.-The scores for the vehicle and
ioad asoects as obtained frdm defuzzine the respective fuzzv multiple criteria evaluation on
those iritersections under study are indiEated in Table 8. AnA the fizq integral is employed
with the assessment process silmmarized as follows:

Steo l:Fuzzv Multinle Criteria Evaluation
Pro'qressine "fuzzv niultiple criteria evaluation on each intersection under study, the various
asse"ssment"scorei for the vehicle and road asp€cts are obtained. Under the defuzzied process.
we have the safety performance values as shoivn in Table 8.

Table 7. Fuzzy Multiple Criteria Evaluation of Intersections under Study

0.4356
0. l 832

,0.0000,0.042r)

(0.2100,0.0000,0.71
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Table 8. Safety Performance Values of Intersection under Study

272

Citizen Boulevard/Linshen North Road

Minchuan East Road/Chienkuo North Road

East Road

Minchuan East Road

0.72

0.43
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Vehi'cle

0.43 0.72

0.72 0.72

0.53 0.77

0.55

If ode = (0.72- 0.43) x 0.27 + 0.43 x L0 = 0.5

Step2 : Calculation of Importance g(XJ
The results of the second questionnaiies can be calculated by the eige.nvalue method to obtain
the following values: g(X,"r,i"r.):0.33 , g(X,ou6):0.27

Step3 : Fuzzy Integral ofSafety Level
Taktn Citizen Boulevard and Linshen North Road as an example. By using the Choquet's
integral measure in equation (10), the intersection effect ofvehicle and road aspect and fuzzy
integral ofsafety level are calculated and the results are shown in Figure 6.

Road Vehicle

Figure 6. Fuzzy Integral Example of Citizen Boulevard / Linsen North Road Intersection

The'same calculation procedure could apply to other intersections as well. Based on the
calculated results employing the fuzzy inle$al method, we can compare the overall safety
performance of each intersection.

Step 4: Rank oflntersection Safetv
Bas'ed on Step 3, the intersection lafety fuzzy integral is ranked as in Table 9. From the
number of accidents in historical data, we also can rank the intersection safety and is shown in
Figure 9. The safety assessment values derived from the fuzzy integral constructed via this
paper by considering the additive effects of all aspects to assess the safety level of
intersections correspond very well with historical accident data (in terms of the order). This
attests to the practicability of this method in assessing potential hdzards.

Table 9. Rank oflntersection Safety

/Lin*EnNordr Road /Chienk oN

historical data

Ftzzy integral 0.51 0.72 0.
ofsafety level

integral
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A Fuzzy Integral Model for Measure of lntersection Safety

6.CONCLUSIONS

This paper develops a fuzzy integral model to assess multiple factors for intersection safety.
The model can be utilized to produce an overall safety hssessment. identified dangeroris
intersections and improved hazardous factors. With thi: fuz4 integral constructed] it is
possible to ascenain ihe relative hazards of intersections under'study?ue to certain fictors,
based on the safety membership of each assessment criterion. It is safer if the membership is
to closer one, wheieas it is mor'e hazardous if the value is closer to zero. From the assessnient
score, we can find out the critical factors affecting on safety, we can also create the
improvements and decide the priority of countermeaiures, even there is no accident data.
According to the comparison between practical assessments and historical data, which
indicates a high degree ofconespondence. the assessment model constructed in this paper can
be put into practical use.

Two intersection safety aspects are selected here,-i.e., the "vehicle" and "road" aspects, and
nine assessment criteria such as the vehicle speed. motorcycle percentage, truck pbrcentage.
tuming rate. potential conflicts, channelizatioir, signage coirditi6ns. visi6ility conditions, aird
approaches of intersections are employed. In addition, the prelerence structure of the
assessment criteria indicates that the vehicle safety aspect is more important than the road
aspect. Among all the assessment criteria, the visibility conditions, potential conflicts, vehicle
speed, truck percentage.and channelization are more important than turning ratio, motorcycle
ratro and srgnage condltlons.

A non-additive fuzzy integral is employed in this work to assess the overall safety level of
intersections. In the process of solving the fuzzy value (importance) ,1. . it is concluded that ,1.

=13.7. while the importance g(vehicle) of the vehicle aspect is equal to 0.33, and the
importance g(road) of the road aspect is equal to 0.22. This shows that expert subjects
perceive that the impact of the factors in various aspects on intersection safety does not
conform to the additive method and. instead. reveals multiplication effects.

However, since intersection safety lactors are very complicated, there are still improvements
that may be made to this papef. More assessm'ent criteria and aspects, such is weather,
environmental and human aspects, may be included in the future. More expert opinions and
more recursive surveys will be helpful to select the assessment criteria and construct
membership functions. In addition, wb only choose four intersections with traffic signals in
the case study, subsequent studies using more intersections are recommended so as to derive
the threshold hazard values for various criteria and for intersections. Finally, there are only
three levels selected for the discussion of the performance levels, more levels are
recommended in the future study to reflect actual safety level more precisely.
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