APPLICATION OF FUZZY AHP METHOD FOR VEHICLE ROADWORTHINESS EVALUATION
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ABSTRACT –
According to World Health Organization more than a million people are killed on the world's roads each year. Road traffic injuries remain an important public health problem, particularly for low-income and middle-income countries. Road traffic safety refers to methods and measures for reducing the risk of a person using the road network being killed or seriously injured. A properly maintained and fully functioning vehicle meeting all safety requirements is less likely to be involved in a road accident.  In order to guarantee drivers' vehicle safety, vehicle roadworthiness evaluation are studied in this paper and main indicators expressing the vehicle roadworthiness condition are defined. This study proposes fuzzy AHP method to evaluate the vehicle roadworthiness. The AHP established by Saaty is a method to solve multiple criteria decision problems by setting their priorities. Triangular fuzzy numbers are adopted to handle inherent uncertainty and imprecision of the data involved in the decision process. Within the proposed methodology, a decision group  and vehicle roadworthiness framework containing 14 indicators are firstly established. The fuzzy weights of the vehicle roadworthiness indicators are calculated based on the pair-wise comparisons. The results demonstrate the engineering practicability and effectiveness of this method in vehicle roadworthiness evaluation also importance of the weights on the various indicators are being illustrated.

1. INTRODUCTION
The problem of the condition of vehicles with regard to their safety is especially evident in the case of accidents when formally and essentially there is a need to determine their cause. Although international experiences show that a large percentage of such events (from 85% to 95%) are caused by driver error, or because of the human factor, the condition of the vehicle that was involved in the accident is a very important element. This fact is not taken into account well enough during the analysis of traffic accidents, especially on the Balkans, where on-site examination cares little for collecting relevant data on the vehicle which was involved in the accident. So today, not only here, but worldwide, there is a problem of identification, qualification and quantification of the impact of the condition of the vehicle on safety, and depending on the age of the vehicle, the traveled path in exploitation, vehicle maintenance and other influential factors. The reduction of functional features and performance of the vehicle shall result in the reduction of the safety, and reduce the cost or increase the cost of use and maintenance. 
2. SAFETY PERFORMANCE INDICATORS & INDEXES
Safety is the absence of failure [1] or the absence of danger that can cause harm or loss [2]. The philosophy of advanced safety is to eliminate the failure. This approach clearly demonstrated using accident analysis (or failures) to vehicles designed to carry out the selection based on performances. Strict rules and regulations pertaining to safety define procedures to eliminate the failure [1]. Transport safety is a high priority of the EU community. Policy-makers who seek to create a greater level of safety is difficult to find the factors that mostly affect safety. Safety performance indicators are a tool that policy makers can use to check whether their actions are effective. In order to allow measurement of safety, safety performance indicators - SPI must be specified [3][2]. Thus, a measurement of the effectiveness of safety management systems is possible. Some indicators are more qualitative in nature while others through quantitative measures provide the means by which they evaluate the performance objectives with clear links to safety.
Creating a composite road safety performance index based on effective performance is a relatively new technique. In the research presented in [4], 9 selected measures for explaining and predicting the situation of traffic accidents in several countries are studied:
a) traffic risk, 
b) personal risk, 
c) health index, 
d) education index, 
e) vehicle safety index 
f) roads situation index, 
g) road user behaviour, 
h) standard of living, 
i) urbanization.
Without doubt, periodic technical inspection - PTI is a special check of actual vehicle condition of from the standpoint of "minimum safety requirements." While it is just a typical general diagnostic tool that is applicable to the vehicle in order to get simple answers "yes" or "no" to the question "Does it work?", PTI can and should be considered as a significant source of information for the vehicle based on its condition to perform efficient management of vehicle safety. This statistic is well documented in the CITA statistics [5] and other sources associated with it. European Road Safety Charter [6] calls for an innovative approach to increase the safety of vehicles with devices with higher performance of passive and active safety features and facilities of the fleet under the safety regulations. There are a number of potential indicators of the performance of safety and many ideas and projects initiated [7], that aim to indicate what actions and initiatives should be taken to reach the ambitious goal of safety of the EU Road Safety Action Plan. European Transport Safety Council [27] provides transport safety performance indicators that help policy makers to justify their actions that the elected indicators are effective. These indicators are defined as measures who affect relationship of crashes or injuries using them further in the calculation of crashes and injuries in order to demonstrate safety or to understand the process that leads to accidents. 
Relevant for this study are the road safety performance indicators. The areas of these indicators are described in the SafetyNet project of the European Commission [28] . Road safety performance indicators (road SPI) are variables that are used in addition to the performance of collision or injury to measure changes from operational conditions of the road traffic. These indicators give a more complete picture of the level of road safety and can detect problems at an early stage, before these problems result in crashes. They use qualitative and quantitative information to assist in determining the success of the programs for road safety performance of their goals. The areas of road SPI are the following:
(A) alcohol & drugs; 
(B) speed; 
(C) protective systems (passive safety) - the level of use of the protective systems of the participants in road traffic; 

(D) use of daytime running lights (daytime running lights - DRL); 

(E) vehicles - the level of protection offered to the participants in the vehicle by the fleet in each EU Member State based on the number of vehicles that meet Euro NCAP ratings; 

(F) roads; 

(G) trauma management.
It seems that each side of the famous "safety triangle" - producers, legislators and consumers, still have its own interpretation of what term "vehicle safety" means. Because none of the above road SPI does not include relevant indicators of vehicle safety, the best way to take this into account is to consider not only the safety performance of new cars, but also to consider the actual safety situation of vehicles in use, regardless of their origin, age or any other common attribute used. This opens the possibility  to directly connect the vehicle safety with the vehicle condition, or to enter the vehicle roadworthiness as a relevant parameter for evaluating the safety of vehicle in exploitation.
3. VEHICLE ROADWORTHINESS

Many vehicle owners do not adequately maintain their vehicles so significant numbers of defective vehicles are in use, a matter of concern as poor vehicle condition has an adverse affect on safety and the environment [8]. The level of defects in vehicles in use in Europe remains high and shows no signs of improving with the introduction of new technologies and manufacturing systems.The information collected in [9] was analysed and collated into a common format in order to establish a picture of the current state of knowledge of roadworthiness enforcement generally, how it is performed and organised in all member states of the European Union and with what results. The legislative and organisational frameworks of the member states concerning roadworthiness enforcement were summarised and compared. When available information was also collected about member states’ overall strategies and policies in relation to ensuring that only roadworthy vehicles operate on roads and the evidence on which these are based; legislation, organisation and operational practice; and compliance methods, compliance rates and statistics.
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Many studies about the effect of technical defects on road traffic accidents have been conducted. There is a high level of variation in the results. It starts out at almost no influence of technical defects on accidents and ends at 28 percent. As an average for the causal factors, five to ten percent can be assumed. The average for the contribution to accidents is a little higher, at about ten to twenty percent. The main reason for the different numbers is the different background of each study. They were conducted in different countries on different continents and at different times as well as over different time periods. Different groups of people gathered the data under different circumstances. Despite these differences, it can be stated that vehicle defects have a significant effect on road traffic accidents. Roadworthiness itself can be achieved in a combination of two ways, by ‘Keep Vehicles Roadworthy’ and by ‘Produce Roadworthy Vehicles’. One can not keep a vehicle roadworthy, if it is not produced to be and to remain roadworthy. The other way around is that one doesn’t need to produce a roadworthy vehicle, if no one keeps it roadworthy. ‘Keep Vehicles Roadworthy’ (may also be called ‘roadworthiness Assurance’) splits up into two parts, which are the forced way ‘Roadworthiness Enforcement’ and the voluntary way ‘Voluntary Inspection’. Roadworthiness can be achieved in different ways [9]. The different ways and their relations /dependencies are shown in the following picture. These are just the major ways. There are probably hundreds of subgroups and mixtures of these roadworthiness assurance methods.
Figure 1. Roadworthiness Enforcement, Different Concepts and their Assessment
A. Regular Inspection.The regular vehicle inspection is probably the most used and most popular one. Regular can either mean an inspection with a certain frequency regarding time or regarding mileage. In a regular inspection system, every vehicle usually gets inspected after a certain amount of time and by this,                         a certain roadworthiness standard is kept.
RRT/PTI/PMVI- The RRT (Regular Roadworthiness Test) also called PMVI (Periodic Motor Vehicle Inspection) or PTI (Periodic Technical Inspection), is a regular (regarding time) performed comprehensive vehicle inspection.
B. Irregular Inspection.The irregular vehicle inspection is nowadays usually the second most used official one. Irregular means, that no one can predict when, in which depth or even if a vehicle will be inspected.
Vehicles are picked out randomly or on suspicion for possible offences. The roadside inspection is regulated for all EU members in the 2000/30/EC.These inspections are usually not verycomprehensive and performed by units, which are not specially trained or well equipped. The frequency for roadside inspections of passenger vehicles depends on the region, but is typically rather low. The inspection at change of ownership is performed every time a vehicle is sold. Usually, it is a complete vehicle inspection comparable to a periodic motor vehicle inspection. Inspection after Accidents often depends on the accident’s severity. If an inspection is ordered, for example by the police, a comprehensive vehicle inspection is performed, for checking for a proper performed repair. Inspection after Vehicle Modifications is an important measure                  for more roadworthiness. Often, vehicles get modified without having the appropriate knowledge. A vehicle is a very complex object and interactions between modified and/or OEM parts are hard to recognize. Therefore, experts should check if the vehicle is still safe for use and the environmental performance is not decreased.
C. Continuous Inspection.The continuous inspection is an inspection which reports a defect as soon as it occurs.The remote inspection / remote diagnostics is hardly performed today and  this remote diagnosticis the transmission of the results from in-vehicle tests via radio. 
D. Voluntary Inspection.The voluntary inspections are performed more often, every time a vehicle is in a garage for a repair it gets some kind of inspection. The limitationis that there are no consequences if a defect is found. This often leaves the defects being not repaired, for example for economical reasons.                            Self inspection is a method in which vehicle owners have to meet certain requirements, forexample specific inspection equipment or specific training /education, to inspect vehicles. A non legislative method is for example a code of practice or a voluntary agreement. These methods are solely based on individual conscience. A kind of a guideline exists that describes the way a vehicle should be inspected or the condition it should be in, but no one supervises the compliance with these guidelines. Vehicle Manufacturers’ Inspection Programare usually as comprehensive as a Regular Roadworthiness Test, but not mandatory.                 The participation in these programs depends on the vehicle’s owner and his view on roadworthiness.                   For vehicles participating, it actually is a regular inspection like the Regular Roadworthiness Test, though not mandatory and without consequences in the case of a defect being detected.
4. VEHICLE ROADWORTHINESS INDICATORS

The choice of the vehicle roadworthiness performance indicators was based on the guidelines given in vehicle roadworthiness Directives [10], [11] and [12] are the studies presented in [13], [14] and [15]. The final selection of vehicle roadworthiness performance indicators is shown in Table 1. Each of the vehicle roadworthiness performance indicators is further explained. Two sets of indicators to evaluate the vehicle roadworthiness are proposed in this study and for each of the indicators are assigned unique items I to XV (indicators from V to XIII are pooled in one indicator XV).
Table 1. Variants A and B of different number of indicators
	Variant A

	Variant B

	I Vehicle age (years)
	I Vehicle age (years)

	II Vehicle mileage (km)
	II Vehicle mileage (km)

	III Maintenance history
	III Maintenance history

	IV Accident involvement history
	IV Accident involvement history

	V Repair history
	XV Proper vehicle systems and devices


	VI Proper braking condition
	

	VII Proper steering condition
	

	VIII Proper tyre condition
	

	IX Proper lighting condition
	

	X Proper belt and components for fastening child seats condition
	

	XI Proper emission control
	

	XII Overall safety status
	

	XIII Number of defects per failed vehicle
	

	XIV Vehicle modifications
	XIV Vehicle modifications



Each of these vehicle roadworthiness indicators take part in smaller or bigger percentage in vehicle safety assessment according to their condition i.e. grade/valuation in vehicle roadworthiness.
The age of the vehicle, expressed in years is always influential parameter of vehicle safety, and thus the vehicle roadworthiness. This indicator is inversely proportional with increasing age of the vehicle reduces vehicle roadworthiness performance. 
Mileage (expressed in number of traveled kilometers) indicator that is considered here is included only by amount, and not regarding the conditions of exploitation. It should be noted that this indicator  certainly have important influence on vehicle roadworthiness. 

The history of maintenance is an influential factor, since this indicator monitors the condition of the vehicle throughout its lifespan. Whether performed preventive maintenance, corrective or a combination of both, of great importance is that the maintenance is performed in an authorized service of the manufacturer, where there is certainty that the maintenance is done according to the manufacturer's instructions and using original parts and materials. Recently, the authorities in our country and worldwide increasingly introduce frequent checks for fraud in keeping with used vehicles. 

History of involvement in accidents is an indicator that shows how often a vehicle for his lifetime will be involved in a car accident. 
When a technical malfunction or an accident happens, repairs that are performed on the vehicle are recognized in the indicator  History of repair .The condition of the vehicle after the repair depends largely on whether it is done professionally or not, and its consequences are described in detail by Berg in [16]. 
Braking condition in many papers is associated with the safety of the entire vehicle. By reducing its accuracy, proportionally the vehicle roadworthiness is also reduced. 
Steering condition, tyre condition, lighting condition, belt and components for fastening child seats condition and emission control are also parameters that reflect the safety condition of the vehicle and are also evaluated during the periodic control of the vehicle.
The overall safety status indicator evaluate the safety of the vehicle in terms of the number of available advanced safety systems (ABS/ASR, SRS, ESS, ACC, etc.) that are included in the vehicle. 

Number of defects per failed vehicle expresses the number of simultaneous failures of vehicle malfunction. 

Modifications to the vehicle are common and have a significant stake in vehicle roadworthiness performance [17, 18, 16, 19]. 
5. FUZZY AHP

The essence of the AHP - method is in comparison of pairs of stacking attributes values. It is performed by making comparisons between pairs of values ​​of certain indicators, while asking which of the two compared indicators is more important and how. The scale of the relative importance to measure comparison is expressed using a scale from 9 to 1/9. Value 1 indicates equality between two individual indicators, while the value 9 or 1/9 indicates that the relevant indicator is 9 times more important than the other or 9 times less important than the other [20, 21]. The calculation by AHP - method can be based on real values ​​or fuzzy values ​​[22, 23, 24, 25]. The inability of AHP - method to deal with uncertainty and subjectivity in the process of pairwise comparison can be overcome by using fuzzy AHP - method, where instead of well-defined values, the fuzzy AHP - method used a range of values ​​that would be able to cover the uncertainty of the decision [20]. For that reason, fuzzy AHP - method is chosen for the calculation in the current research. The calculation of the weight factor with fuzzy AHP method can be described in the following steps:
Step 1: Comparison of factors
Based on expert opinion the pairwise comparison of factors is being prepared. The experts are required to compare each factor in pairs in a matrix form with size n x n, where n is the number of factors. Comparisons of the experts are in a scale of 9 values ​​(Table 2) and re denoted by [image: image1.png]


 . The results of the comparison of the experts are grouped into a pairwise comparison matrix using the average mean.
[image: image2.png]



R[image: image4.png]


                                                                                                               (1.1)
Comparing values ​​in pairs expressed by fuzzy linguistic values ​​(see Table 2)
Step 2: Perform the test of consistency (consistency test)
In order to control the consistency of subjective opinions and accuracy of the weight factors, it is necessary to calculate the factor of consistency (constitency factor - CF) who is defined as:
  [image: image5.png]CF = (hpex —n)/(n— 1)



                                                                                                               (1.2)
where λ max is the maximum eigenvalue of the matrix R, and n is the number of factors. If the consistency factor is less than 0.1 it is regarded that the pairwise comparisons ​​are acceptable.
Table 2. Points of fuzzy evaluation for fuzzyfication of the comparison values ​​in pairs
	Linguistic value
	Real value

	Fuzzy value ñ

	Absolutely strong (AS)
	9
	(8, 9, 9)

	Very strong (VS)
	7
	(6, 7, 8)

	Fairly strong (FS)
	5
	(4, 5, 6)

	Slightly strong (SS)
	3
	(2, 3, 4)

	Equal (E)
	1
	(1, 1, 1)

	Slightly weak (SW)
	1/3
	(1/4, 1/3, 1/2)

	Fairly weak (FW)
	1/5
	(1/6, 1/5, 1/4)

	Very weak (VW)
	1/7
	(1/8, 1/7, 1/6)

	Absolutely weak (AW)
	1/9
	(1/9, 1/9, 1/8)


Step 3: Converting parameters in fuzzy numbers
The values ​​of the pairwise comparison matrix ​​are converted into triangular fuzzy numbers in accordance with the rules for conversion (in Table 2)
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                                                                                                          (1.3)
Step 4: Calculation of fuzzy weight factor dimensions
Fuzzy weight factors dimensions can be calculated with the formula:
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                                                                                                          (1.4)   
Step 5: Calculate of final fuzzy weight factors
Final fuzzy weight factors for every criterion can be obtained with:
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                                                                                              (1.5)
Step 6: Calculation of the true values ​​of the weight factors
Final fuzzy weight factors of every criterion can be obtained by the formula:
[image: image10.png]=[(w —wi)+ (W —w!)]/3+w]




                                                                                        (1.6)
by using the values from [image: image11.png]



5.1 Calculation of the weight factor with fuzzy AHP - method
In order to be executed calculation with fuzzy AHP- method, 6 or 14 indicators of vehicle roadworthiness are taken (described previously in Table 1. ) and is made pairwise comparison on the basis of expert opinion expressed with fuzzy linguistic values presented in Table 2. A study has been performed of mutual influence of vehicle roadworthiness indicators in which opinions of several experts in this area has been collected. In Table 3(a,b) is presented evaluation matrix with the expert opinions.
Table 3a. AHP evaluation matrix with linguistic values ​​of 6 indicators
	Indicator
	I
	II
	III
	IV
	XIV
	XV

	I
	E
	SS
	VS
	VS
	SS
	AS

	II
	SW
	E
	SW
	FS
	SW
	SS

	III
	FS
	FW
	E
	FS
	E
	AS

	IV
	FW
	VW
	FW
	E
	SW
	FS

	XIV
	AW
	FW
	E
	FS
	E
	VS

	XV
	AW
	AS
	SW
	AS
	VW
	E


Table 3b. AHP evaluation matrix with linguistic values ​​of 14 indicators
	Ind.
	I
	II
	III
	IV
	V
	VI
	VII
	VIII
	IX
	X
	XI
	XII
	XIII
	XIV

	I
	E
	AW
	VW
	FW
	FS
	VS
	E
	SW
	FW
	VW
	AW
	AW
	AW
	AW

	II
	AS
	E
	E
	VW
	SS
	SS
	SW
	FW
	SW
	FW
	SW
	FW
	SW
	FW

	III
	VS
	E
	E
	SS
	FS
	AS
	SW
	FW
	SW
	FW
	SW
	FW
	SW
	FW

	IV
	FS
	VS
	SW
	E
	VS
	VW
	SW
	FW
	SW
	FW
	SW
	FW
	SW
	FW

	V
	FW
	SW
	FW
	VW
	E
	FS
	SW
	FW
	SW
	FW
	SW
	FW
	SW
	FW

	VI
	VW
	SW
	AW
	VS
	FW
	E
	SW
	FW
	SW
	FW
	SW
	FW
	SW
	FW

	VII
	E
	SS
	SS
	SS
	SS
	SS
	E
	E
	E
	E
	E
	E
	E
	E

	VIII
	SS
	FS
	FS
	FS
	FS
	FS
	E
	E
	FW
	SW
	FW
	SW
	FW
	SW

	IX
	FS
	SS
	SS
	SS
	SS
	SS
	E
	FS
	E
	SW
	FW
	SW
	FW
	SW

	X
	VS
	FS
	FS
	FS
	FS
	FS
	E
	SS
	SS
	E
	FW
	SW
	FW
	SW

	XI
	AS
	SS
	SS
	SS
	SS
	SS
	E
	FS
	FS
	FS
	E
	E
	E
	E

	XII
	AS
	FS
	FS
	FS
	FS
	FS
	E
	SS
	SS
	SS
	E
	E
	E
	E

	XIII
	AS
	SS
	SS
	SS
	SS
	SS
	E
	FS
	FS
	FS
	E
	E
	E
	E

	XIV
	AS
	FS
	FS
	FS
	FS
	FS
	E
	SS
	SS
	SS
	E
	E
	E
	E


Based on AHP matrix evaluation given in Table 3(a,b) by taking the values ​​for the corresponding linguistic expression from Table 2 is performed calculation of the weight factors and are presented in Table 4 (a,b).
Table 4a Weighted factors obtained by fuzzy AHP 6 indicators
	Indicator
	Fuzzy value
	Real value

	I
	(0,07 ; 0,09;  0,12)
	0,092

	II
	(0,14;  0,20;  0,26)
	0,198

	III
	(0,051;  0,065;  0,076)
	0,062

	IV
	(0,15;  0,20;  0,29)
	0,176

	XIV
	(0,04;  0,06;  0,08)
	0,06

	XV
	(0,34;  0,41;  0,55)
	0,412


Table 4b Weighted factors obtained by fuzzy AHP 14 indicators

	Indicator
	Fuzzy value
	Real value

	I
	(0,07 ; 0,09;  0,12)
	0.092

	II
	(0,14;  0,20;  0,26)
	0.198

	III
	(0,051;  0,065;  0,076)
	0.062

	IV
	(0,15;  0,20;  0,29)
	0.176

	V
	(0.02; 0.03; 0.036)
	0.030

	VI
	(0.095; 0.115; 0.122)
	0.113

	VII
	(0.06; 0.08; 0.09)
	0.079

	VIII
	(0.02; 0.03; 0.036)
	0.030

	IX
	(0.02; 0.03; 0.036)
	0.030

	X
	(0.015; 0.022; 0.029)
	0.020

	XI
	(0.015; 0.022; 0.029)
	0.020

	XII
	(0.043; 0.051; 0.058)
	0.050

	XIII
	(0.037; 0.045; 0.052)
	0.043

	XIV
	(0,04;  0,06;  0,08)
	0.060


As shown in the calculation results, the vehicle roadworthiness performance of each indicator can be obtained. With the proposed evaluation matrix we can see that vehicle mileage and accident involvement are valued as with great impact on vehicle roadworthiness. The braking condition is also valued as high priority for vehicle roadworthiness. 
6. CONCLUSIONS
Multi-criteria decision making is a powerful tool used widely to solve problems containing multiple conflicting criteria. Among numerous methods of multi-criteria decision making, the fuzzy AHP is very suitable for evaluating alternatives when qualitative and quantitative advertence are expressed only with linguistic vagueness. A disadvantage of the fuzzy AHP method approach is that input data, expressed in linguistic terms, rely on opinions and experience of decision makers and thus involves subjectivity. The contribution of this paper is to propose an efficient and effective decision framework for evaluation of vehicle roadworthiness using fuzzy AHP method. 
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