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authorities for many years. Human, road, environment and vehicle characteristics are 
the main factors influencing the safety level of road networks (Ogden, 1996). According 
to statistics from the National Forensic Organization of Iran and the Ministry of 
Transportation and Road Administration, in 2016, 15932 people were killed and 333071 
injured and 10427 died due to road accidents. Because of the high number of road 
accidents, there is a growing need to reduce the incidences. One of the important factors 
in road accidents is the existence of critical segments in arterial transport roads, which 
investments should be done in order to increase safety and improve these points 
(Boroujerdiyan, 2014). Due to the growth in traffic accidents and public health threats, 
the United Nations (UN) has named the Decade 2011-2020 as the “Action for Road 
Safety”. Even some countries, such as Sweden and some US states, introducing plans to 
reduce the growth of traffic accidents, have implemented the "Zero Vision Program" 
aimed at designing roads with the lowest risks (Rouhi and Hasanzadeh Esfahani, 2015). 
Making safe roads for all users requires time and facilities, However there is a limited 
budget, time and facilities, as well as lack of supporter organizations, identifying 
accident prone segments and prioritizing these segments is one of the appropriate 
management solutions to relatively achieve goals of safe roads (Boroujerdiyan, 2014). 
In fact, by improvement and maintenance of some of the points and segments and 
allocating limited resources available to some projects, the basis for quick completion of 
these projects is provided, while remaining points are not ignored and prioritized 
(Kazemi and Zooghi, 2011). In this study, a new dynamic segmentation approach is 
used to identify accident segments, one of the advantages of which is that the road 
incidence is defined on the basis of segments, not based on road points and Multi-
Criteria Decision Making (MCDM) methods are used to prioritize accident-prone 
segments. In the dynamic segmentation model, the length of the accidental segment is 
obtained by converting the accidental data into analytical signals and presenting a 
dynamic model based on the wavelet transformation mathematical theory. In commonly 
used methods for segmentation, due to the constant assumption of the length of the 
segments studied, there are many problems with the process of identifying the accident-
prone segments, among the most important of which is the failure to identify some 
accidental segments due to the lack of incompatibility of the length introduced by these 
methods with the actual length of the accidental segment or the lack of placement of the 
location of the accidents occurring along a segment (Boroujerdiyan, 2014). The 
prioritization model is implemented using the AHP method and Expert Choice software. 
Therefore, the main objective of the research is to provide a framework for achieving a 
comprehensive model for road segmentation and a model for prioritizing the accident 
prone segments of accidents. One of the practical objectives of this research is to 
identify high risk and accidental segments of one of the arterial roads of West 
Azerbaijan province in Iran. Therefore, the modelling of the research process can be 
useful for determining the accidents on other roads. Finally, the goal of this paper is to 
achieve 100% safe roads with a high quality level and most importantly without any 
accident.  

 
    2. RESEARCH BACKGROUND 
     So far, some researchers have attempted to estimate accident models with a road 
segmentation approach, but most of them simply considered road segments with fixed 
length or between two main intersections. Abdel-Aty and Radwan (2000) modeled the 
road with homogeneous characteristics in terms of traffic flow and geometric conditions 
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2.2 The MATHEMATICAL PRINCIPLE OF WAVELET THEORY  
 
One of the mathematical methods is used today to dynamically analyse the 

information is the wavelet transform analytical method to process the signal. Signal 
processing is carried out based on wavelet theory to obtain information such as 
determining the dominant frequency and the time of occurrence, frequency content with 
the knowledge of their occurrence time, identification and removal of the scattered data 
of the process, the process energy distribution at different frequencies according to time, 
etc. The wavelet transform is defined according to Equation (1) (Mallet, 1998): 

dt
a

bt
tf

a
fbafw ba )().(

1
,),( *

,


 







                                                                 (1) 
Ψ a,b is the transferred wavelet Ψ as b and scaled as a. Transmission (b) refers to the 

process that the window displaces over the signal. Obviously, this expression refers to 
time information in the transformation space, thus determining the window 
displacement. The scale (a) in wavelet analysis is similar to that used in maps (Mallet, 
1998). If the wavelet transform coefficients for continuous bs and as are calculated, it is 
called the continuous wavelet transform (CWT). The continuous wavelet transform is 
defined as Equation (2) (Mallet, 1998). In this study, continuous wavelet transform is 
used according to Equation (2).    

 

dt
s

st
tx

s
ssCWT xx )().(

1
),(),( * 
   

                                                                   (2) 
 
     In the above relation, the transformed signal is a function of two variables, τ and S, 

which are transmission and scale parameters, respectively. 
     In this study, the Mexican hat wavelet family has been used. This wavelet is from 

the first group of wavelets, i.e., raw wavelets. Its good feature is that it is abundant, 
simple and clear. But its analysis is non-orthogonal uncompromising. A scale function 
has not been attributed to this wavelet. Mexican hat wavelet, is the second derivative of 
Gaussian function. The Mexican hat wavelet function relationship is defined according 
to Equation (3) (Mallet, 1998), and Figure 4 shows the Mexican hat wavelet functions. 

                                                                                         
                                                        (3) 

 
 
 
 
                    
 
 
 
 
 

Figure 4. Mexican hat wavelet (Mallet, 1998) 
 

dt
s

st
tx

s
ssCWT xx )().(

1
),(),( * 
   



European Transport \ Trasporti Europei (2018) Issue 68, Paper n° 2, ISSN 1825-3997 

 6

3. RESEARCH METHODOLOGY 
     In this research, after determining the location of accidents along the road based on 

the accidents data recorded by the police and according to the accidents data and the 
accident intensity, the road sections are segmented and identified based on the potential 
accident-prone. In this method, by simulating the accidents data to the signals that can 
be analyzed by the mathematical theory of wavelet transformation, suitable models are 
used for their analysis. The method proposed in this research is dynamic segmentation 
using wavelet theory, which is a new method for signal analysis, and has not many of 
the drawbacks and limitations of previous methods (Boroujerdiyan, 2014). Then, using 
the AHP based on approach Expert Choice software, the accidental segments are 
prioritized (Saaty, 1996). 

 
3.1 SEGMENTATION USING WAVELET TRANSFORM  
 
The identification flowchart of the accident-prone segments using the wavelet theory 

is represented as Figure 5 (Boroujerdiyan, 2014). 

 
Figure 5.  Identification flowchart of accidental segments using wavelet theory 

(Boroujerdiyan, 2014). 
 
 
 
 
 

First 
Providing a list of accidents occurring along the road including the length of location of the accidents 

Second 

Third 

Fourth 

Fifth 

Sixth 

Seventh 

Eighth 

Converting discrete data into continuous data 

Converting constant non-uniform data to the uniform discrete one with the desired accuracy 

Analysis of the generated signal using wavelet theory 

Removal of disturbances from the accident signal 

Analysis of wavelet transformation output and identification of centers of accident-prone segments and 
their length 

The segmentation of the road according to their eventfulness possibility 

Prioritization of segments based on the wavelet transform size 
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Table 1: Segmentation results of the Khoy - Ivoghli road 
Segment number Length Kilometers 

(from km ... to km ...) 
1 3 3.5 - 6.5 
2 1 9.5 - 10.5 
3 2 10 - 12 
4 8.5 7.75 - 16.25 
5 13.5 6.25 - 19.75 
6 4 18 - 22 
7 3 19.5 - 22.5 

 
     Segments were ranged from 1 to 7, which have identified a limited length of the 

road as an accidental segment, are called minor accident-prone segments and segments 
with 4 and 5 indices are called major accident-prone segments. The minimum length of 
a segment that can be identified by this method is the same length of sampling step that 
is defined in many minor accident-prone segments and is visible in Figure 10. 

 
 
3.4 PRIORITIZATION OF THE KHOY-IVOGHLI ROAD USING MULTI-

CRITERIA DECISION MAKING METHOD  
 
considering the factors affecting their occurrence and identifying and prioritizing the 

critical segments. AHP is one of the most well-known methods of multi-criteria 
decision-making methods based on the paired comparisons, and presents decision-
making processes in a hierarchical or network structure, and can determine the 
prioritization of choices introduced in decision making which is usually performed 
using the Expert Choice software (Saaty, 1996). Mathematically, AHP uses pair-wise 
comparisons to systematically scale the items. It calculates the eigenvalues of the 
Relative Weight Matrix (RWM), and determines the relative weights by determining the 
eigenvector (Agarwal et al., 2013). In AHP, the relative weight matrix of the criteria is 
obtained using the results of the questionnaires: 

   The relative weight of the criteria is defined using the results of the questionnaires 
according to Equation 4, which is: 

 

 

          (4) 

                                                              

 

                                                                                                                                        
 
     These criteria are the same as the factors affecting the occurrence of accidents. 1. 

Road factor (R). 2. Environmental factor (E) 3. Human factor (H) as shown in Figure 
11.  
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Figure 11. The factors affecting the occurrence of accidents 
 
     The EXPERT CHOICE Software inputs are as follows: 
     Goal: Ranking accident-prone segments 
     Criteria: Factors involved in the occurrence of accidents: Road factor, 

Environmental factor, Human factor 
     Alternatives: Segments are entered as alternatives.                         
     An: The accident prone segment 
 
 
    Figure 12 shows the hierarchical process in AHP, which is called the decision tree, 

which in fact represents a graphical decision-making strategy. First, the purpose of the 
decision is written in this tree, and then the factors affecting decision making are shown 
from the top down in the different levels. The final level offers decision alternative.     
By inserting the input data from Table 1 and inputs from Figure 11, the final results of 
the analysis and prioritization of the accident prone segments are obtained. Figure 13 
shows the analytical results of 7 accident prone segments. 
 
 

 
Figure 12. Hierarchical process for the EXPERT CHOICE software. 

 
 

Goal: ranking hazardous location 

Road factor (L: 0.309) 

Environmental (L: 0.137) 

Human factor (L: 0.555) 

Alternatives:  
A1, A2, A3, A4, A5, A6, A7 

GOAL: Ranking hazardous location 

Road factor (L: 0.309) Environmental (L: 0.137) Human factor (L: 0.555) 

A7A6A5A4 A3 A2 A1A7A6A5A4A3A2A1 A7 A6 A5 A4 A3 A2 A1 
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Figure 13.  Ranking analytical results from 7 accident prone segments 

 
     According to Figure 13, the ranking results of accident prone segments from major 

to minimum priority are obtained. Thus, result is A5 > A4 > A7 > A6 > A1 > A3 > A2 .  
According to the results, the segment A5, which is placed in the distance 6.25 to 19.75 
from the beginning of the road, has the higher priority, and the segment A2, which is in 
the distance 9.5 to 10.5 from the beginning of the road, is in the lower priority to 
improve the safety condition. Therefore, the next segments are also prioritized. 

 
 
4. CONCLUSIONS  
 
     Due to the high cost of removing accident prone segments of roads, it is important 

to identify their exact length. According to research carried out in the paper, it was 
found that previous researches for segmentation are incapable of identifying the length 
of a accident-prone segment in accordance with occurred accidents, and therefore, if the 
length of the accident-prone segment is smaller or larger than its segmentation step, this 
length is not identifiable accurately. The results of the study are expressed as follows: 

     1. The length of the accidental segments can be determined in the order of 
accidents along the road, as well as the identification of accident-prone segments with 
shorter lengths along the accident-prone segments with dynamic segmentation method. 

      2. Identification of accidental segments by dynamic segmentation and 
prioritization can be obtained by MCDM method. 

      3. The wavelet transform signal analysis method can be used in dynamic 
segmentation method. 

      4. In the current research, in which a case study was carried out on the 30-
kilometer Khoy-Ivoghli road, 7 segments of different lengths were obtained, where 
segments with 1, 2, 3, 6 and 7 indices with a specified length of the road were identified 
as the minor accident-prone segments and segments with 4 and 5 indexes as the major 
accident-prone segments. Also, the priority of the accident-prone segments with the 
help of AHP method was A5 > A4 > A7 > A6 > A1 > A3 > A2, respectively. As a result, 
the segment A5, which is placed in the distance 6.25 to 19.75 from the beginning of the 
road, has a higher priory than other segments to improve safety. In this way, accident-
prone segments were identified and prioritized with proposed methods. 

 
 

A5      .282 
A4      .212 

A7      .185 

A6      .164 

A1      .152 

A3      .132 

A2      .110 
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