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ABSTRACT: Accident-prone segments have a significant role in the occurrence and the number of road
accidents. They impose negatively social and environmental effects on the performance of the transport
system. Thus, identification and prioritization of these segments play positively a role in reducing
accidents, costs, and improvement of safety level on roads. Due to the importance of determining the
accident-prone segments, the aim of this study is to use dynamic segmentation and prioritization methods
including wavelet theory and cause-oriented methods. Therefore, results from the segmentation and
wavelet signal theory on the Kermanshah-West Islamabad Road indicated that accident-prone segments
are classified as main and local segments. Then, the cause-oriented prioritization method based on the
analytical hierarchy process method for main and local segments showed that the S2 section, which
ranges from about 2.5 km to 11.5 km from the beginning of the road is in the higher priority. However,
the S3 section which ranges from about 7.5 km to 10.5 km from the beginning of the road is the lower
priority of the improvement of road safety. In the future, this paper may help researchers in order to
examine a combination of arithmetic functions with artificial intelligence methods, logical reason
methods, and SVM (Support Vector Machines) algorithm for segmentation accident-prone segments as
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1. INTRODUCTION

An accident is defined as an incidence between a vehicle
and other vehicles or animals, humans or collision of vehicles
that cause casualties [1]. Accidents have negatively imposed
social, and environmental effects on the transport system. They
are relatively jointed to other factors such as road, human, and
environmental factors [2-4]. There are locations that accidents
frequently occur which are called accident-prone segments
[5, 6]. Identification and segmentation of hazardous locations
are used to prevent and reduce their consequences. Therefore,
for reducing accident numbers, and increasing safety levels
on roads, many methods have been used to identify the
locations of accidents occurrence. Therefore, the aim of this
study is to propose a new segmentation method based on
the dynamic segmentation method as wavelet signal theory
on the Kermanshah-Eslamabade Gharb road and prioritize
accident-prone segments by using cause-oriented method for
helping experts to allocate budgets in order to improve safety
level on road.

2. RESEARCH BACKGROUND

Studies have shown that accident-prone locations are
fixed and annually they become changed after road making
operations, road geometric modification and changing
traffic load and these locations are changed [7]. Alian et al.
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[8] examined that the road accident casualties in arterial
highways. They used a static segmentation method and
measured the length of the road between 500 m and 7 km
according to the geometric properties. They found black
spots. Troche [9] segmented intersection near highways in
Puerto Rico into 0.2 miles per section to identify hazardous
locations. In another study, Luis et al. [10] used the technique
of visual Analytics to combine data analysis with interactive
visualizations for identifying the displacement of black spots
on sliding windows of 12 months. Promothes and Ksaibati
[11] proposed an optimization model for identifying the best
combination of safety improvement projects and maximizing
the safety benefits in terms of reducing overall crash
frequency. Their model was as a function of annual safety
budget, roadway inventory, roadway functional classification,
historical crashes, safety improvement countermeasures, cost,
and crash reduction factors (CRFs) associated with safety
improvement countermeasures, and average daily traffics
(ADTs). In addition, Liu et al. [12] proposed the methodology
of integrating a moving average (MA) model with a stationary
wavelet decomposition for automatic incident detection.
They yielded the incidents were identified locations more
accurately.

3. RESEARCH METHODOLOGY
In order to implement this research, the first dynamic
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segmentation methods and wavelet theory were examined.
Then, the cause-oriented method was proposed to prioritize
critical accident-prone segments and help experts for an
appropriate budget in their improvement that is explained as
follows:

3.1. Dynamic segmentation

There are two ways to segment accident-prone
segmentations. These are classified as static and dynamic
segmentation. In the static segmentation method,
identification and segmentation of accident-prone segments
are not determined accurately because data may not be
avajlable and are scattered. However, in the dynamic
segmentation method, identification and segmentation of
these segments are complete and accurate. Agarwal et al.
[13] introduced the methodology for ranking road safety
hazardous locations using the analytical hierarchy process
(AHP). They calculated the eigenvalues of the Relative
Weight Matrix (RWM) and determined the relative weights.
Behzadi and Rouhi [14] proposed a new method based on
accident frequent data, accident density, and accident ratio
and effective factors contribution to accident occurrence
and the AHP model. Shirmohammadi et al. [15] focused
on investigating hazardous locations and segments by using
dynamic segmentation method as wavelet theory and multi-
criteria decision making. They found lower and higher safe
segments for road improvement.

3.2. Converting accident data to signal processing data
Signals processing by means of wavelet theory is
implemented to determine frequencies and occurrence time,
the elimination of disturbances in data, and converting energy
process to density. Different theories have been used. But, the
most popular one is wavelet theory to process signals [16].

3.3. Cause-oriented model

In this method, accident-prone segments are prioritized
in terms of effective factors and causes in the occurrence of
accidents. This model basically prioritizes segments in seven
steps which are defined as follow:

1- Investigating road and collecting data

2-Segmenting the studied area

3- Classifying accident data

4- Weighting criteria

5- Making a decision matrix

6- Making probable matrix

7- Prioritizing matrix

4. RESULTS AND DISCUSSION

After collecting data on the Kermanshah-Eslamabade
Gharb road, dynamic segmentation method was simulated
by Matlab and accident-prone segments were obtained and
classified based on accident density index as main and local
segments as shown in Figure 1. The results of this segmentation
are presented in the following as:
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Hence, according to the cause-oriented method, these
segments were prioritized by means of the cause of accidents
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Fig. 1. Dynamic segmentation on ermanshah-Eslamabade Gharb
road

and results were indicated in the following as:
§>8§>8>8>8>8>§ >§ >S8§

5. CONCLUSIONS

The main conclusions are presented as follows:

¢ A dynamic segmentation method is an important tool in
the segmentation of accident-prone segments.

¢ In the dynamic segmentation method, wavelet theory
is used.

e In the prioritizing process, the cause-oriented method
considers the causes of accidents and arranges accident-prone
segments in ascending and descending order.

e Dynamic segmentation method was implanted as a case
study on the Kermanshah-Eslamabade Gharb road, results
indicated that the S2 section, which ranges from about 2.5 km
to 11.5 km from the beginning of the road is in the higher
priority. However, the S3 section which ranges from about 7.5
km to 10.5 km from the beginning of the road was the lower
priority of the improvement of road safety.

e By comparison of this study with other studies, we
can understand that accident-prone segments are identified
accurately. And subsequently, engineers can improve safety
levels on roads based on budgets by accurate segments.

e This paper may be used as a case study in internal
city roads and it may help researchers in order to examine
the combination of arithmetic’s functions with artificial
intelligence methods, logical reason methods, and SVM
(Support Vector Machines) algorithm for segmentation
accident-prone segments as dynamic segmentation methods.

REFERENCES

[1] Alian, S., Baker, RGV, Wood, S., 2016. “Rural casualty crashes
on the Kings Highway: A new approach for road safety studies’,
Accident Analysis and Prevention, 95, pp. 8-19.

[2] Shankar, V., Mannering, E, Barfield, W, 1995. “Effect of roadway
geometrics and environmental factors on rural freeway accident
frequencies”, Accident Analysis & Prevention, 27, pp. 371-389,

[3] Wang, C., Quddus, M.A., Ison, S.G., 2013. “The effect of traffic



H. Shirmohammadi et al., Amirkabir J. Civil Eng., 52(3) (2020) 161-164, DOI: 10.22060/ceej.2018.14803.5743

and road characteristics on road safety: a review and future
research direction”, Safety Science, 57 (0), pp. 264-275.

[4] Elvik, R., Christensen, P., Amundsen, A., 2004. “Speed and road
accidents: an evaluation of the power model’, TQI report, 740.

[5] Chattington, M., Wilson, M., Ashford, D., Marple-Horvat,
D., 2007. “Eye-steering coordination in natural driving’,
Experimental brain research, 180 (1), pp. 1-14.

[6] Kandil, EI., Rotter, A., Lappe, M., ‘Driving is smoother and more
stable when using the tangent point’, Journal of Vision, 9 (1),
pp. 11-11.

[7] Firouzfar, A., Saghandli, Gh., Alavi, N., 2009. “Study of Accident

prone locations on Zanjan Province Roads”, the 1"National

Conference of Accidents and Road and Railway, Zanjan

University, (2009). https://www.civilica.com/Paper-NCRRAF01-

NCRRAFO01_114.html (in Persian).

Zakerzadeh, M., Rezaei, Y., 2015. “Study of intercity occurred

Accidents of Hamedan City and determining of Accident Prone

Intersection by Using of AHP and GIS’, International Conference

on Human, Architecture, Civil Engineering and City, Tabriz,

Center for Strategic Studies in Architecture and Urban Planning,

2(5), pp- 65-79 (in Persian).

[9] Troche, L.R., 2007. “Methodology to Identify Hazardous
Locations for Highways in Puerto Rico’, Thesis submitted in

=

partial fulfillment of the requirements for the degree of Master
of Science, ProQuest.

[10] Luis, R., Luis, S. M., Yasmina, S., Odo, M. P, 2015. “Detection
of Road Accident Accumulation Zones with a Visual Analytics
Approach”, Conference on Enterprise Information Systems, 64,

pp. 969-976.

[11] Promothes, S., Ksaibati, K., 2016. “An Optimization Model for
Improving Highway Safety”, Journal of Traffic and Transportation
Engineering (English Edition), 3(6), pp. 549-558.

[12] Liu, Q., Chung, E., Zhai, L., 2014. “Fusing Moving Average
Model and Stationary Wavelet Decomposition for Automatic
Incident Detection: case study of Tokyo Expressway”. Journal of
Traffic and Transportation Engineering (English Edition), 1(6),
pp. 404-414.

[13] Agarwal, PK,, Patil, PK, Mehar, R., 2013. “A Methodology for
Ranking Road Safety Hazardous Locations Using Analytical
Hierarchy Process” Procedia - Social and Behavioral Sciences,
2nd Conference of Transportation Research Group of India (2nd
CTRG), 104(2), pp. 1030-1037.

[14] Behzadi, G., Rouhi, A., 2016. “Identification of the Amol-
Babylon Accident-Based Points Based on Accidents Data Report
by Forensic Medicine”. The 2nd International Conference on New
Development Achievements in Civil Engineering, Architecture
and Urban Management, (in Persian).

[15] Shirmohammadi, H., Seyed Najib, A., and Hadadi, F, 2018.

“Identification of Road Critical Segments Using Wavelet Theory

and Multi-Criteria Decision-Making Method, EUROPEAN

TRANSPORT-TRASPORTI EUROPEI 68.

Kashani, H., 2004. “Wavelet Application in System
Identification, A Student’s Seminar’, Amir Kabir University
of Technology, pp.1-24, http://bme2.aut.ac.ir/~towhidkhah/
SystemIdent/StudentSeminars/SystmIdent83/Kashani/Wavelet_
Identification.pdf (in Persian).

(16]

HOW TO CITE THIS ARTICLE

52(3) (2020) 161-164.

DOI: 10.22060/cee}.2018.14803.5743

H. Shirmohammadi, F. Hadadi, S. Samadi, Identification and Prioritization of Accident-prone
Segments Based on Wavelet Theory and Cause-oriented Method, Amirkabir J. Civil Eng.,

163


https://www.civilica.com/Paper-NCRRAF01-NCRRAF01_114.html
https://www.civilica.com/Paper-NCRRAF01-NCRRAF01_114.html




