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Considering the correct criteria in determining the route of roads can play a major role in

Received: reducing economic costs, increasing safety and access to roads, along with preserving the

11012023 . ) environment, and provide the basis for the growth and prosperity of the region. This

Received in revised form: . P . - . . e

08/11/2023 research is of a descriptive-analytical type and was conducted with the aim of identifying a

Accepted: low-cost and safe route to connect Ardabil city with the center of the country through

27/11/2023 Tabriz-Zanjan freeway. The data required to conduct the research, which includes elevation

Publisher online: points obtained from the Google Erath image and the OLI Landsat-9 satellite image, were

03/12/2023 collected. Digital height model, topography map, slope map were extracted from Google
Earth image and land use map from Landsat satellite image. Then, the current Ardabil-
Sarcham road route was digitized from the Google Earth image, and the condition of the
road was examined from the perspective of the slope, and dangerous slopes were identified.
In the last stage, using the Geographical Information System Builder model and using
Dijkstra's algorithm, the least expensive route from Ardabil to Sarcham has been identified
by considering the slope factor and then by simultaneously considering the two factors of
slope and land use in the region. The results of the research show that the optimal proposed
route is much better and safer than the current route from Ardabil to Sarcham both in terms
of road length and road slope and land use, so that the length of the road is reduced by 25
km and 43 km from the route It has a slope of up to 10% and was dangerous, it has been
reduced to 23 km and this reduction will reduce the economic costs, more safety for
travelers and native residents of the region. Also, in the proposed route, the crossing of the
first-class pastures has been reduced from 36 km to 22 km, and the crossing of the water
fields, which previously covered 26 km, has been reduced to 13 km in the optimal proposed
route, and this has an important impact on It will protect the environment.
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Extended Abstract

Introduction

The construction and development of communication roads is one of the most important needs of different
countries to achieve development and benefit from transportation methods to transfer goods and services in less
time and with greater safety. The first step in the design of a road is to assess the need for its construction. In
addition to this needs assessment, paying attention to reducing the negative effects of the development of roads
with inappropriate design on the environment and considering the state of communication roads in terms of
security, economy and society should not be neglected. Using new methods based on geographic information
system can play a significant role in solving the routing problem. The area studied in this research is the
Ardabil-Sarcham road, the connecting highway of this province with the center of the country. Most of the
route is in the south of Ardabil province and part of it is in the Mianeh county in East Azerbaijan. The
sensitivity of this communication route in terms of economic, social and tourism doubles the importance of
choosing the optimal route of this road, and therefore, the current research was conducted with the aim of
finding a least cost alternative route in terms of slope and land use for the current road.

Study Area

The study area is located in the middle of Ardabil, East Azarbaijan and Zanjan provinces. This route is the
main communication artery of Ardabil province with the center of the country. The name of this road is based
on the connection point that enters the Zanjan highway from Ardabil in Sarcham Zanjan district. This road
starts from the Ardabil plain and after passing through the Khalkhal mountains with a height of nearly 2000
meters and passing through the deep valleys of the Mashkul hunting area in the conservation area of Khalkhal
city, it enters the highway in Sarcham district. The characteristics of this road are the snow-covered areas of
this road in the mountains, the steepness of the road in the mountains, the high number of vehicles passing
through this road, and the high number of accidents on this road.

Material and Methods

The current research is applied research in terms of purpose and descriptive and analytical research in terms of
method. In the first phase, the data required for analysis were collected from library documents and produced in
the absence or lack of access to them. Extracting the studied area and preparing a network of elevation points
using the create fishnet function in the geographic information system with the number of 9032 points to
produce a digital model of the elevation and slope map of the area and classifying it into three classes: very
suitable, suitable and dangerous, was carried out in the first phase of the research. In the second phase, the
condition of the current route of Ardabil-Sarcham road was examined from the perspective of the slope, and in
the third phase, the least cost path from Ardabil to Sarcham was identified by using the Geographic Information
System model builder and using Dijkstra's algorithm. Most routing methods in practice are based on least cost
path algorithms, and the Dijkstra's algorithm is one of the most effective and widely used of these algorithms.
This algorithm is a centralized routing algorithm whose goal is to find the least cost of moving from a certain
node to all other nodes and by optimizing the cost in multiple iterations, it determines the least cost paths from
a source node to a destination node. In the process of applying this algorithm, first, the lest cost path is
determined and suggested only by considering the slope factor, and then by simultaneously considering the two
factors of slope and land use in the area.

Result and Discussion

The current route of Ardabil-Sarcham road has been replaced after the construction of Ardabil-Astara road that
passed through Heran pass, and due to the connection of Ardabil-Sarcham road to Tabriz-Zanjan freeway and
finally Shortening the travel time from Ardabil to the country capital, intercity buses from Ardabil to Tehran
use it to transport passengers. Due to the dangerous slopes, the current route has witnessed the inability of
drivers to control the vehicle and as a result of numerous accidents, and paying attention to the slope factor is
one of the points that should be given new attention in planning this route along with environmental protection.
The results of this research show that this important goal can be achieved by using the capabilities of the
geographic information system and modern methods and algorithms to determine the least cost path such as
Dijkstra algorithm. In this research, the length of the Ardabil-Sarcham road has been significantly reduced and
the steep and dangerous slopes have been reduced. Reducing these two factors means protecting people from
the dangers of the road and keeping them away from being exposed to more danger. Positive effects on the
economy of the region and the country, such as reducing the amount of fuel consumption, lowering the
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depreciation rate of cars, etc., positive social effects, such as increasing the quality of life of the residents, and
environmental effects, such as reducing air pollution, etc., Positive effects on the economy of the region and the
country, such as reducing the amount of fuel consumption, lowering the depreciation rate of cars, etc., positive
social effects, such as increasing the quality of life of residents, and environmental effects, such as reducing air
pollution, etc., are among the positive results of optimal routing in the region.

Conclusion

In order to design and place the optimal route proposed in this research, two effective factors were used in the
region, for this reason, we focused on the factors of slope and land use. The results show that the current route
from Ardabil to Sarcham is about 176 km. the proposed road reaches about 149 km based on the slope factor,
and considering the slope factor and land use together, the length of the road will be 151 km. The amount of
suitable road slopes (less than 4%) increased from 66.78% in the current road to 81.39% and dangerous slopes(
more than 10%) decreased from 8.63% to 3.57%. The amount of road passing through grade 1 pastures has
been reduced from 36 km to 22 km and in grade 2 pastures from 130 km to 82 km. The amount of road passing
through irrigated fields has been reduced by 50% and finally, the amount of road passing through rainfed fields
has increased from 10 km to 42 km.. In general, it can be said that the implementation of the proposed route
can make the Ardabil-Sarcham road shorter and safer, and can reduce the social and economic costs of passing
the road through the region and help protect the environment.

Key words: Ardabil Sarcham, the way, Dijkstra's algorithm, geographical information system, least cost path
Analysis
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