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Abstract 
The first and most important step in designing a public transportation system 
is to determine the best way to move the fleet, which, in addition to providing 
the maximum demand for passengers, can be appropriate in terms of eco-
nomic parameters and operating costs for the operating organization. The 
subject of this study is to determine the best route for starting the BRT line 
based on the eight objectives of the subset of the users’ needs, route of the 
fleet movement and its traffic conditions and the conditions of the operating 
organization, between the Fixed Origin and destination. The Analytic Net-
work Process has been used to prioritize the intended goals and determine 
the contribution of each to advance the issue. Replacing a hierarchical struc-
ture with a network structure in order to model the complex communication 
between decision elements is the advantage of the Analytic Network Process 
compared to the conventional methods of multi-criteria evaluation. Then, 
urban roads are categorized according to their role in relation to each of the 
problem parameters, and finally, the selected route is identified using the Arc 
GIS10.5 specialized software. The reached path (between the Qods terminal 
and the Khorram terminal) has been able to cover a population of 40,000 
people, equivalent to 20 percent of the population of the study area. Consi-
dering a large number of parameters affecting in this problem, has created 
comprehensive result from the understanding and application of factors af-
fecting the process of the problem, as opposed to most existing studies that 
use up to two or three goals. 
 
Keywords 
BRT, Network Analysis Process, Determination of the Best Route, Spatial  
Information System 

 

 

*Lecturer. 

How to cite this paper: Jami, M. (2019) 
Multi-Purpose Road Network Modeling 
and Traffic Organization by Using Spatial 
Information Systems. Journal of Geographic 
Information System, 11, 541-550. 
https://doi.org/10.4236/jgis.2019.115033 
 
Received: June 27, 2019 
Accepted: October 11, 2019 
Published: October 14, 2019 
 
Copyright © 2019 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

https://www.scirp.org/journal/jgis
https://doi.org/10.4236/jgis.2019.115033
https://www.scirp.org/
https://doi.org/10.4236/jgis.2019.115033
http://creativecommons.org/licenses/by/4.0/


M. Jami 
 

 

DOI: 10.4236/jgis.2019.115033 542 Journal of Geographic Information System 
 

1. Introduction 

A public rapid bus rapid transit system (BRT) is one of the bus systems, that has 
a higher capacity, better performance and more beautiful vista than the popular 
bus systems [1]. BRT system has the potential to attract passengers and thus has 
a significant impact on reducing urban traffic, as well as improving regional and 
environmental economics. Due to the high ability of the BRT vehicles to travel 
different paths, this system also has good flexibility [2]. The first and most im-
portant step in designing a public transportation system is determining the best 
route for the fleet to fly, in addition to providing maximum coverage for the 
costumer’s demand, in terms of economic parameters and operating costs for 
the operating organization [3]. Meanwhile, there are many parameters that vary 
in different ways on the extent of pulling a new route for attracting passengers 
and meeting the needs of the operator organization [4]. The hierarchical analysis 
process is one of the most widely used multi-criteria assessment methods. The 
major limitation of AHP is that it does not consider the interdependencies be-
tween decision elements, the dependence of criteria, sub-criteria, and options. It 
also assumes the relationship between decision elements hierarchically and un-
ilaterally. However, in the method of the network analysis process, the complex 
communication between the decision elements is to be considered by replacing 
the hierarchical structure with the network structure [5]. Finally, considering 
that the origin and destination of the new fixed line are considered, the best 
route from the passages was obtained with the highest utility index in the GIS 
environment. In the area of transportation planning and decision making, a va-
riety of decision-making methods, as well as geographic information systems, 
have been widely used by various researchers. 

Yedla & Shresta (2003) evaluated and selected the proposed transportation 
options in Delhi using hierarchical analysis method [6]. They assessed for this 
purpose three common transportation options in Delhi, namely two-wheeled 
engines, CNG cars and CNG buses, in terms of three-small-scale fuel economy, 
reduced environmental pollution, and Cost of operation. Also, three qualitative 
criteria assess the availability of technology, compliance with the environment 
and implementation barriers. Tzeng et al. (2005) used multi-criteria hierarchical 
analysis and topsis analysis methods for evaluating buses with different fuels for 
use in public transport in various urban areas of Taiwan [7]. Ciaffi et al. (2012) 
in a research paper titled “Providing a New Method for Designing a Public 
Transportation Network” addressed the issue of designing and routing bus lines. 
The main purpose of their research was to balance the users in the network, tak-
ing into account constraints such as the capacity of the fleet and the length of the 
route [8]. Tlili et al. (2013), in his research entitled Integration of Geographic 
Information Systems (GIS) and multi-criteria evaluation methods, presented a 
method for solving the routing problem with the goal of a minimum total cost 
for the fleet [9].  

The present study is to determine the best route among the eligible initial 
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passages for crossing the BRT line in Khomeini-Shahr city, Isfahan, with regard 
to traffic, infrastructure, social and economic indicators. Indicators affecting the 
problem are obtained after a library study and consultation with experts based 
on the conditions of the study area. By choosing effective parameters based on 
the fleet movement and traffic conditions governing it, as well as maximizing the 
concerns of users of the system, as far as possible, all the angles of choosing an 
optimal route were seen based on the comprehensiveness and multi-dimensionality 
of the criteria intended. Obviously, each of these criteria does not have the same 
role in the problem, and each one can take different weights. Therefore, a mul-
ti-criteria evaluation method is used to determine the impact of each of the in-
dicators considered. 

2. Explaining the Model and Pattern Chosen for the  
Parameters Considered 

Initially, the problem is converted into a network structure in which the nodes 
act as clusters [10]. Then, the criteria and sub-criteria are considered to be used 
to locate the path of the BRT line in the studied area. These criteria are obtained 
after studying the library and articles related to the research, as well as consult-
ing with the experts of the mentioned area and based on the conditions and 
characteristics of the city of Khomeini_Shahr.  

2.1. Create a Binary Comparison Matrix and Identify Priority  
Vectors 

At this stage, the matrices of the main criteria, the dependence of the main crite-
ria to each other, the matrix of comparative sub-criteria, and the sub-criteria 
dependence on each other are formed [11]. A questionnaire was used by some 
university professors (7 people) and some municipal officials and bus organiza-
tions (8 people). Then, the matrix elements of the binary comparison of criteria 
and sub-criteria were derived from the mean of group views (Table 1). 

2.2. Create Super Matrix 

In order to achieve the overall priority in a system with interactions, internal 
priority vectors are inserted into the appropriate columns of a matrix. As a re-
sult, a super matrix (a classified matrix) was obtained, each section showing the 
relationship between two clusters in a system. This type of matrix is called the 
primitive super matrix. By replacing the vector of internal priorities (coefficients 
of importance), the elements and clusters of this matrix are completed. In the 
next step, the weighted super matrix is calculated by normalizing non-weighted  
 
Table 1. Binary comparison of internal dependencies of main criteria. 

Users Path  

0.185 1.0 Path 

1.0 5.4 Users 
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super matrix. In the final step, the limited super matrix can power all the 
weighted super matrix elements until divergence is achieved. In other words, all 
elements of the super matrix are similar through repetition (Table 2) [12]. 

2.3. Determine the Rating of Each of the Passages 

The following equation was used to determine the rating of each of the corres-
ponding passages: 

1

J

i i ij
j

D W E
=

= ∗∑                           (1) 

where Di is the utility index i, Wi is the relative importance of the sub_criteria j 
(extracted from the limited super matrix) and Eij is score i from the sub_criteria 
j. 

2.4. The Population Covered by Each Street 

Population density has a significant impact on the demand for public transpor-
tation, so that in densely populated areas, if there is a high level of service, there 
is an increase in demand for the use of the bus network [13]. By forming a pede-
strian network that includes all the streets, alleys and roads that can be crossed 
by pedestrians, and performing an analysis of the range of services can estimate 
the population covered by each of the stations located at a radius of 400 meters 
of that station resident. For inter-urban areas, the distance between the two sta-
tions was 400 to 500 meters. To cover the population in the streets in question, 
the overlapping of the population of each of the existing stations of a street was 
completely prevented from overlapping the population in adjacent streets as far 
as possible (Table 3). 
 
Table 2. Binary comparison of internal dependencies of sub-criteria. 

Population Landuse Passengers Density Link length 

Landuse 1.0 3.5 4.5 4.5 

Passengers 0.286 1.0 3.0 3.0 

Density 0.222 0.333 1.0 2.5 

Link length 0.222 0.333 0.4 1.0 

 
Table 3. The weight of each parameter group in the service level. 

F E D C B A Service level Weight 

9.0 7.0 6.0 4.0 3.0 1.0 A 0.421 

8.0 6.0 5.0 3.0 1.0 0.333 B 0.256 

7.0 5.0 4.0 1.0 0.333 0.25 C 0.163 

5.0 4.0 1.0 0.25 0.2 0.167 D 0.09 

3.0 1.0 0.25 0.2 0.167 0.143 E 0.046 

1.0 0.333 0.2 0.143 0.125 0.111 F 0.026 
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2.5. Bus Station Passengers 

Considering the travel of individuals and the coverage of this trip by any public 
transportation line is much more important than considering the population 
covered. Because the population has the potential to travel with the public ve-
hicle, this potential does not always lead to travel [14]. In order to use this crite-
rion, passenger information was used for ordinary bus lines. The number of 
passengers traveling at different stations by bus fleet could be an appropriate 
approximation of the demand for the use of the BTR system [15]. Thus, using 
the Automatic Fare Collection system data was obtained by the information of 
passengers boarded and discharged at each station. Finally, the information was 
collected for stations on a street and added to the corresponding street. The bus 
lines in the studied area network are equipped with the AFC system, and pas-
senger fares are recorded in this system. 

Type of Passage and Passing Width of Each Passage 
Road traffic on the boulevard is more secure because of the separation of pas-
sageways, and it has the ability to pass traffic faster. Also, it is easier to construct 
a special line for passing the BRT fleet in passages with higher line widths [16]. 

2.6. Number of Intersections per Corridor 

The presence of an intersection, including the square, crossroads, etc., in the di-
rection of the movement of the system of BTR leads to a change in its mode of 
movement from a separate mode (the path that is separated along its path by a 
variety of obstacles from the traffic flow) into a mixed state (route Which is lo-
cated on the street and in direct encounter with other vehicles in the traffic 
flow), which is a disadvantage for the network [17]. 

2.7. Service Level 

The service level represents the status of road traffic from a qualitative perspective, 
and varies from the best position to the extent that drivers stop and move [18]. In 
this research, assuming that the existence of the BRT line in high-density routes 
(with a weaker service level) is of higher priority, service level F receives the high-
est priority over other levels. To define the service level of each route involved in 
the analysis, the HCM standard was used. For this purpose, it is necessary to cal-
culate the average speed of vehicles in each of the urban routes. So, at the first 
stage, the time of travel of vehicles at peak hours was taken on each route. To 
collect time travel information and calculate the speed and level of service, a car 
was used that moves at a speed equivalent to the average traffic flow of the 
evening traffic (19 - 22 pm). For each route at least twice the travel time was 
taken and its average was determined as the time of the journey of that route. 

2.8. Land Use 

The starting point for any public transportation network should be a land use 
pattern because different land patterns can be highly effective in creating traffic 
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[19]. Full coordination between urban development and the design of public 
transportation networks is often the only way to achieve high performance, both 
in land use activities and in the operation of the transportation system [20]. The 
area of land use around each path was calculated individually in GIS. These land 
uses include commercial, residential, cultural, educational, health, medical, ad-
ministrative, recreational, sports, green spaces, and parking (Table 4 & Table 5). 

2.9. Access Density 

The purpose of this parameter is to gain access to each street and its role in 
guiding passengers to the use of the public transportation fleet, as well as the 
impact of each of these accesses on the traffic volume and safety of the route in 
question. This item is considered less in network design. However, the access 
density parameter can play an important role in the comfort and attraction of 
passengers [21]. 

3. Construction Cost per Connection Length 

The path length should be kept as low as possible, which would reduce opera-
tional costs [22]. The lowest path length and the greatest coverage of demand  
 
Table 4. The weight of each land use group. 

Weight Landuse Commercial Residential Cultural Health Official Sports Parking 

0.195 Commercial 1.0 0.25 3.0 5.0 2.0 5.0 6.0 

0.404 Residential 4.0 1.0 5.0 7.0 4.0 7.0 8.0 

0.095 Cultural 0.333 0.2 1.0 3.0 0.25 3.0 5.0 

0.057 Health 0.2 0.143 0.333 1.0 0.2 5.0 6.0 

0.176 Official 0.5 0.25 4.0 5.0 1.0 5.0 6.0 

0.048 Sports 0.2 0.143 0.333 0.5 0.2 1.0 4.0 

0.025 Parking 0.167 0.125 0.2 0.25 0.167 0.25 1.0 

 
Table 5. The weight of the classes of cultural, residential and commercial landuse. 

Weight Commercial Weight Residental Weight Cultural 

0.012 0 - 1500 0.012 0 - 1500 0.01 0 - 500 

0.037 1500 - 7000 0.028 1500 - 7000 0.101 500 - 2000 

0.063 7000 - 15,000 0.063 7000 - 15,000 0.131 2000 - 4000 

0.088 15,000 - 25,000 0.087 15,000 - 25,000 0.155 4000 - 6000 

0.113 25,000 - 30000 0.114 25,000 - 30000 0.181 6000 - 8000 

0.138 30,000 - 35,000 0.142 30,000 - 35,000 0.206 8000 - 10,000 

0.163 35,000 - 40,000 0.165 35,000 - 40,000 - 10,000 - 12,000 

0.187 40,000 - 50,000 0.189 40,000 - 50,000 - 12,000 - 14,000 

0.199 50,000 - 60,000 0.199 50,000 - 60,000 0.216 14,000 - 18,000 
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can be considered as one of the most important goals in providing bus services 
[23]. 

After determining the utility index of each of the routes under consideration, 
using the ArcGIS software, the best route was obtained based on the highest 
calculated indices. Figure 1 shows the configuration of the desired utility for 
each of the selected paths. 

The green color is devoted to those paths that have a utility index of 0.1556 to 
0.2078 (highest), blue is from 0.1036 to 0.1556, and the red color is from 0.1036 
to 0.0516 (the lowest index is obtained). In other words, the priority of choosing 
the route as part of the desired route is first with green and then blue. Red lines 
are not used because of low scores. Considering the limited budget of the bus 
organization to build the BRT route in the area, finding the most efficient corri-
dor is very important. The specified route with a length of about 8 km and a 
population coverage of 40,000 people (20% of the region’s population) are able 
to cover the maximum demand for passengers. This route is between the Qods 
terminal and the Khorram terminal. It is worth noting that among the target pa-
rameters, the passengers in each direction and the population covered by each 
street, were identified as the most important parameters of the formation of the 
new network in the study area. 

The station element is the first point of communication between people and 
the BTR system. For this reason, the location of the station is very important 
from the perspective of the researcher. In the present study, the location of the 
stations was chosen to minimize the time of the passenger’s pedestrian and 
boarding and reduce travel time. Given the traffic situation, the passageway, the 
speed at the route, and the Khomeini-Shahr population centers, the distance 
between the stations was between 300 and 1000 meters; however, in the arterial 
streets at least the distance and in the non-arterial streets maximum distance se-
lected. In total, the total number of stations between the two terminals, 8 km 
away from each other, is 12 stations. 

 

 
Figure 1. The best route for the BRT between the Qods terminal and the Khorram ter-
minal. 
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4. Discussion 

A high-speed bus system is a kind of street transport system equipped with 
modern technologies that have the precision and speed of the rail transport sys-
tem and the flexibility of the bus transport at the same time. The benefits of this 
system are becoming widespread in the world, and currently the UK has the 
largest number of buses of this type. Accordingly, and given the positive expe-
rience of using the BRT system in Iran’s metropolises especially in Tehran, the 
researcher sought to design the BTR route for Khomeini-Shahr. The main ad-
vantages of this system in Khomeini-Shahr city can be counted as follows: 

1) Lower waiting time at stations; 
2) Precise information to passengers at the station and bus with appropriate 

timetable; 
3) Get tickets before the bus arrives and remove the direct relationship be-

tween the driver and the passenger; 
4) Intelligent allocation to buses: With this system, special buses can be pro-

vided for intermediate stations or stations that are more expensive at the specific 
time of day than they require to use the route, allocating Gave; 

5) Establish complementary systems to reduce the special passenger’s load; 
6) Installing city guide boards at the beginning of the routes that have changed 

the role of access through the creation of the BRT; 
7) Ease of use of physical-motorized handicapped; 
8) The existence of a single control center that increases direct productivity; 
9) Reduce air pollution and reduce traffic. 

5. Conclusions 

In general, according to studies, the establishment of each urban element in a 
particular space-spatial position of the city level has been subject to principles, 
rules, mechanisms and mechanisms that, if observed, are to the success and ef-
fectiveness of that element in the site. It will be clear and otherwise there will be 
a lot of problems. BRT routing has a huge impact on reducing costs and facili-
tating the passage of citizens by public transportation, according to spatial in-
formation and citizen needs assessment. For this reason, it is one of the impor-
tant and effective stages of public transport projects. One of the challenges of 
urban planners in urban spaces is the design and routing of bus routes. In Kho-
meini Shahr, the unsustainability of the bus route and the lack of a BRT system 
have caused problems for citizens such as increasing the length and time of tra-
vel, congestion, lack of access to administrative, commercial, educational, facili-
ties and equipment.  

In order to better route in the future in the range some suggestions have been 
made: 
• Understanding the spatial distribution of bus stations, updating statistics and 

information on urban utilities; 
• Use of new information and management systems in routing; 
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• Developing routes especially in areas that a city is crowded because of the 
cost of travel and easy access to home and work. 
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