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decades. Compared to the earlier days, total numbevad

Abstract—Increasing number of vehicles and lack of awarenessaccidents had increased from 24,581 cases in 19341,252

among road users may lead to road accidents. Haweyspecific
literature was found to rank vehicles involved atidents based on
fuzzy variables of road users. This paper propasesiking of four
selected motor vehicles involved in road accidenkuman and
non-human factors that normally linked with roactidents are
considered for ranking. The imprecision or vaguerieberent in
the subjective assessment of the experts has éedpplication of
fuzzy sets theory to deal with ranking problemstaDia form of
linguistic variables were collected from three awiked personnel
of three Malaysian Government agencies. The Multite@Ga
Decision Making, fuzzy TOPSIS was applied in corafiohal
procedures. From the analysis, it shows that mgttes vehicles
yielded the highest closeness coefficient at 0.62&85ranking can
be drawn using the magnitude of closeness coefficit was
indicated that the motorcycles recorded the faekr
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making,

. INTRODUCTION

NE of the most prevalent discussions about motorckesi

on the road or highways is accidertsthe midst of large
volume of traffics on the road, accidents whichoiwe the
various types of vehicles inevitably happen. Aeaqid are
generally classified as single vehicle accidentsvhich the
vehicle is either colliding with fixed objects oittwpedestrians
or the vehicle may fall in a ditch etc. and mukiptehicle
accidents in which two or more than two vehicles e@ther
collide head—on, or one vehicle may collide witte tfiont
vehicle at the back or may a have side-swipe tygksion.
There are a collision between car and car, othetwden car
and motorcycle, also between car and bus and so
Accidents, may causes damages, injuries or everstwer
deaths. It was reported that over 43,200 peopd due to
road accidents in the year 2005 and 42,636 in ¢fae 2004 in
United States [1]. In Malaysia, the fatality figareaused by
road accident are very much alarminighe United Nations has
ranked Malaysia 30th among countries with the hsghember
of fatal road accidents, registering an averagé ®fdeaths per
10,000 registered vehicles [2]. Royal Malaysiarideo[3]
reported that traffic accident in Malaysia haverbaereasing
at the average rate of 9.7% per annum over the thaise
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cases in 2005. The number of fatalities also iredebut at
slower rate compared to total road accident fra®@2,n 1974
to 6,287 in 2006. Thus, road accidents have be@hw topic
of discussions among public and definitely a conder all

countries.

In Malaysia, road accidents involving various typek
vehicles are reportable to the police, who colléata prior
formally published for public. The Royal Malaysidolice
pools the data and publish annually the main si@isn road
accidents. The Malaysian road accident databatglsieut
the accident in series of years based on the $gveat caused
by accidents [3]. Also, reported the types of viesdnvolved
in casualties such as pedestrian, motorcycle, foar, wheel
drive vehicle and other. There was no separatietwéen

closenedraffic compositions or vehicles to enlist frequgid accidents

whereby most of traffic involved in accidents is@mbination
of small, medium or heavy vehicle. The other weaknaf the
road accident data is the under-reporting of sdjoaraof
vehicles according to human and non human factused of
road accident such as road conditions and drugenées.
Perhaps it due to the multiple factors attributedatcidents
and also multiple vehicles involved in accidenfs a result, it
seems very difficult to rank the vehicles involviedaccident
when multiple factors are taking into account. Soofiethe
previous studies reported other
accidents. For example [4] and [5] report on stEaccident
and limited their findings for selecting and rankihazardous
road sites according to their level of hazard. tG& other
hand [6] review causes of road accidents from tigdeaof cars
condition, traffic rules violation and poor road nditions
without proposing a rank for causes of accider®a far, there
have been little discussions about an attempt twider all
possible factors attributed to accidents and toagsociated
with type of vehicles into a single measurement.

The contributing causes of road accidents are skver
indeed. Most of the accidents are said to be atgib by the
fault of the driver. Mechanical causes such as érai{ure,
tyre burst etc. are also there in lesser numbercases.
Therefore, the majority of accident causes areelinkith road
conditions and driver behaviour. These statememt§iron the
statistics released by [7]. In most of the accisiea single
factor is not present and an accident is a resudtrmumber of
complex factors that jointly responsible for thecident. The
alarming figures of accidents rate involving mutivehicles
and multi factors linked to accidents motivate tieed to
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further explore these issues. Human and non huraators Definition 2.3. [13]. A triangular fuzzy numberA can be

must be accounted for deriving an indicator to raskicles defined by a triplet (a,b,c), where the memberstem be

according to its magnitudes. It is noticeable tatidents may determined as follows.

be caused by many attributes and some of thesbutds are

gualitative measures which require subjective assest by 0 <

human experts. As to this, the ranking of vehidleslve in
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accident can be seen as a multi criteria decisi@kimg _—

(MCDM) problem. MCDM has proven to be an effective b - a
C X
c b
0 >
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o

approach for ranking by a finite number of alteives Hup (K= @)
characterized by multiple criteria. One of the taghes for
order preference is called Technique for Orderd?arénce by
Similarity to Ideal Solution and abbreviated as BI® This
technique based on fuzzy sets theory has provebeta
powerful modelling tool for coping with subjectivand
imprecision in human judgements. Modelling usingzfu sets
has proven to be an effective way for formulatirgcidion
problems where the information available is sulpjectand
imprecise [8]. Many fuzzy TOPSIS method has beepgsed
to handle linguistic decision making [9] [10]. [1&lstained 1
that linguistic terms are intuitively easier to wgleen decision PA==(a+4x a+ag) (4)
makers express the subjectivity and imprecision thudir 6
assessment. In short, the purpose of this paperpsopose a
ranking order of vehicles involved in accident lthea fuzzy
multi-criteria decision making, TOPSIS.

The rest of the paper is organized as follows sdation 2, 1 1
some basics preliminaries of fuzzy theory are ohiied. In P(@)O P(b)=P(@) +PB)=(a +4x a+a&)+ =(b +
Section 3, a simple fuzzy method is proposed td wéth 6 6
fuzzy MCDM. A real data is illustrated in Sectiont@ show 4 x by+bs) ®)

the use of the proposed method in ranking the Lehic Defi r_1iti_on _2.7[ 14]. The canonical representation of_
involved in road accidents. The paper is concludeSection multiplication operation on fuzzy numbers A and éided as

5 P(a)DP(b):P(a)XP(BF%(8q+4><82+ag)+%(b1

[=2
IN
x
IN
(@]

Definition 2.4. [14]. Given a triangular fuzzy numbér= (a,
& , &), the graded mean integration representation of
triangular fuzzy numbeA is defined as

Definition 2.5 [14]. LetA= (a3, a,, az) andB = (by, by, bs)
be two triangular fuzzy numbers. The representatain
addition operationd on triangular fuzzy numbers A and B
can be defined as

IIl. DEFINITION OFFUZZY NUMBERS +4x bh+h) (6)

In this section, for the purpose of reference, sdrasic
definitions and formulas that are used in our pap#r be
covered. A systematic approach to apply the TOPSIS to ttezyfu

environment is presented in this section. This wetis very
Definition 2.1 [12], [13]. Let X be a Universe of discourse.suitable for solving the group decision making peal under
WhereA is a fuzzy subset of; and for allx O X, there is a fuzzy environment. A decision-making problem is firecess
number [0, 1] which is assigned to representieenbership of finding the best opinion from all of the feasildlternatives.

Il. Fuzzy TOPSIS

degree ok in A, and is called membership function/of General process of fuzzy TOPSIS is listed below.[15
Definition 2.2 [13] A fuzzy numbeA is a normal and convex Step1. Establish a decision matrix for ranking. MEDM
fuzzy subset of X. Here, normality implies that problem can be concisely expressed in matrix foasat
Ox0O R,9 #a(x)=1
X @) C, C, C,
d h Ai Xll X12 Xln
and convex means that
D= Az Xop Xyp 0 Xy )

Oy U x Oa O,
U@ xyt@=a)x) 2min(u o (x1): 4 p(x2)) ) Ay [ Xy X e X
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Fig. 1 Hierarchical structure of the decision pesbl

where A, A,,..., A, are possible alternatives among whic

decision makers have to choog,,C,,...,C, are criteria
with which alternative performance are measurxg, is the

rating of alternativéd with respect to criteriorC j -

Step 2. Calculate the normalized decision matrixhe
normalized value {;; } is calculated as

8

Step 3. Calculate the weighted normalized decigiwtrix.
The
weighted normalized valug is calculated as

Vi=w x =10, =10, ()]

n
where W, is the weight if thel th criterion, andZ:Wi =1
i=1

Step 4. Determine the positive ideal solutions aedative
ideal solutions respectively

A= (v, V) = {(max vyl i01), (min ;|
] J

01y,
A_:{Vl_,...,Vr:} ={( m.in Vij | 0l ) (maxVij |
J I
g1y, (10)
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where | is associated with the positive criteria, ahd is
associated with the negative criteria.

Step 5. Calculate the separation measures usingnthe
dimensional Euclidean distance. The separation eath
alternative from the ideal solution is given as

DI :\ Z(Vij _Vi*)zyj =1...Jd.
=

Similarly, the separation from the negative-idsalution is
given as

(11

(12)

Step 6. Calculate the relative closeness to thal igelution.
The relative closeness of the alternat@gewith respect toA*

f? defined as
C = bi - 1...,d (13)
iT D aD" v v d.

Step 7. Rank the preference order. A large vafudoseness
coefficient Cﬁ indicates a good performance of the

alternativepj . The best alternative is the one with the greatest
relative closeness to the ideal solution.

IV. AN EXPERIMENT

In accordance with the purpose and method of gsearch,
criteria and alternatives were identified. The raltdives
comprise four vehicles that mostly involved in aexits i.e.
motorcycles (A), car (A), bus (A) and lorry (A). The five
criteria that considered in this study were Drigefge (G),
Driver’s Attitude (G), Vehicles’ Problem (¢}, Road Problem
(C,), and High Speed & Furthermore, a committee of three
decision-makers or experts;,[D, and 3 has been identified
to seek reliable data over the accidents. Dataoim fof
linguistics variables were collected through intewing of
three authorised personnel from three Malaysiane@ouent
agencies. The interview was conducted in three ragggh
sessions to elicit information about vehicles thegularly
involve in accident and factors linked to accideritiree
decision-makers were an Assistant Enforcement €fffoom
Road Transport Department of Kuala Terenggany), (2
Traffic Police Inspector from Police Traffic Depadnt of
Kuala Terengganu (f and the third expert was an Assistant
Superintendent of Fire Brigade Department of Kuala
Terengganu (B). The hierarchical structure of this experiment
can be seen in Figure 1.
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TABLE |
LINGUISTIC VARIABLES FOR THE RATINGS OF THE VEHICLE
Linguistic Variables for The Ratings of The Vehile
Very Poor (VP) (0,0,1)
Poor (P) 0,1, 3)
Medium Poor (MP) (1, 3,5)
Fair (F) (3,5, 7)
Medium Good (MP) (5,7,9)
Good (G) (7,9, 10)
Very Good (VG) (9, 10, 10)

The interviewing process was mainly focused onoghieion
of the experts regarding rating of the vehiclesnprao
accidents based on the identified criteria. Theeetspwere
asked to specify rating of association of the detdor each
vehicle with linguistic expression varying from fyepoor’
(VP), ‘poor’ (P), ‘medium poor (MP), ‘fair (F), medium
good’ (MG), ‘good’ (G), and ‘very good’ (VG). Theeights
of importance for each criterion were specifiedeliperts with
linguistics expression varying from ‘very low’ (VLIow’ (L),
‘medium low’ (ML), ‘medium’ (M), ‘medium high’(MH),and
‘very high’(VH). These score were later aggregatied
calculate the rating as a triangular fuzzy numbar déach
criterion.

In this experiment, the rating;; of alternative Aj and the

(10), (11), (12) and (13) the final results of faezy TOPSIS
method is presented in Table V. Due to the limiépéece, the
detailed results are not shown in this paper.

It can be easily seen that the final motor vehicéasing is
A1, Ay A4 Az Motorcycle is ranked first, followed by car and
lorry. Bus is ranked last. After taking into aoot the five
criteria and the opinion from three experts, a Igsing
measurement for each vehicle is obtained and mgatlerc
recorded the highest closeness coefficient at .622

V. CONCLUSION

Amid multiple factors linked to road accidentsjsitcritical
to use suitable methods for ranking vehicles ptoreccidents
involvement. This paper has given an account of fthe
criteria to rank the four types of vehicles invahia accidents
based on fuzzy TOPSIS. This method can be deahl wit
qualitative assessment of multiple causes of aotidgend
multiple motor vehicles. The linguistic data fromtlorised
personnel shows that this approach can be easpijedpto
rank the vehicles involved in accidents. The feetected
motor vehicles were ranked according to its clossne
coefficients. The first rank went to motorcyclekil the last
rank went to buses. The evidence from this studygests that
the five factors need to be thoroughly investigdatedrder to
reduce the accidents especially the most pronectients
involvement vehicles i.e. motorcycles. A decisimased on
linguistic judgment is successfully made after ngkiinto

weights W, of criteria Cj are assessed in linguistics termaccount the multiple factors.

represented by triangular fuzzy numbers as showhainie |
and Table II.

TABLE I
LINGUISTIC VARIABLES FOR THE WEIGHT W, OF CRITERIA
Ci
Linguistic Variables for The Importance Weight of
Each Criterion
Very Low (VL) (0,0,0.1)
Low (L) (0,0.1,0.3)
Medium Low (ML) (0.1,0.3,0.5)
Medium (M) (0.3, 0.5, 0.7)
Medium High (MH) (0.5,0.7,0.9)
High (H) (0.7, 0.9, 1.0)
Very High (VH) (0.9,1.0,1.0)

The decision-makers use the linguistic rating \@€ds (see
Table I) to evaluate the rating of alternativeshwigéspect to

each criterion and vehicles in form of decision nmaiRefer to
(7)). The weight for each criterion is also tratesthainto fuzzy

weight based on definition in Table Il.These results are

presented in Table Il and Table IV.

The equations (8) and (9) are applied respectitelyield
the fuzzy normalized decision matrix and fuzzy viégl
normalise decision matrix. After considering theuatipns
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