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A B S T R A C T

Autonomous vehicles (AVs) equipped with new technologies that replace the human driver and operate essential 
functions without human input. Current stations have simple structures that need to be re-evaluated for the use 
of AVs in future sustainable cities. As the aim of this study is to identify appropriate locations of stations for AVs, 
53 existing stations were evaluated in Mashhad, Iran. The combination of Analytical Hierarchy Process (AHP) 
analysis and Geographic Information System (GIS) software confirmed 15 of them based on considered criteria of 
accident rate, street width, population, traffic congestion, distances from stations and station density. Addi
tionally, the mentioned criteria were ranked using TOPSIS (Technique for Order Preference by Similarity to Ideal 
Solution) method, and their weight were determined with the aid of AHP analysis. Finally, 9 Decision-Making 
Units (DMUs) were proposed for the construction of new AVs stations, and GIS maps indicated that these 9 
stations meet the criteria more than others. In addition, the sensitivity analysis was specifically conducted using 
the Export Choice software to evaluate the robustness and stability of the model’s results and to ensure their 
accuracy under different conditions.

1. Introduction

All technological innovations have the potential to improve the lives 
of people. These days, AVs have been a particular interest, and they can 
reshape the transportation system and the daily lives of those who wish 
to live healthier and longer. As the most important aim of AVs is to 
reduce the number of accidents, they must be smart enough to consider 
all road conditions and pick up and drop off passengers in stations 
flawlessly. Technically, through the use of intelligent algorithms, AVs 
select more efficient routes and avoid causing traffic congestion and 
blockages at stations. To this end, “the output of localization and envi
ronment perception is sent to the AV path planner to decide on what 
actions to take, and they are sent to the AV motion control” ([1], p.1).

One of the most important issues in AVs is route selection and station 
detection which the new concept of a Virtual Vehicle (VV) on the 
Internet of Vehicles (IoV) tries to solve the related problems [2]. Vehi
cles in IoV are so smart and must possess advanced communication 
technologies, multi-sensor platforms, computation units and efficient 
connectivity to the Internet [3]. Thus, these vehicles must be able to 

sense all the information about the environment to find stations and best 
routes. For this reason, some available sensors or systems such as LIDAR, 
RADAR, etc. are used in AVs. It is worth mentioning that each of these 
sensors has its own limitations and may be affected by some environ
mental variations. Therefore, appropriate combinations of electrical 
devices are suggested by AVs researchers to compensate their limita
tions. As the fundamental phase towards implementing AVs is to design 
an appropriate controller, a variety of different control approaches, 
software and hardware were introduced to manage these vehicles to find 
their routes and stations. Thus, appropriate design of electronic control 
units, internal communications, data processors, vehicle buses, me
chanical actuators and electromechanical actuators should be applied 
[4]. Moreover, AVs stations should be designed to incorporate advanced 
technologies that optimize their functionality. These stations could 
include features such as automated ticketing systems, smart sensors for 
monitoring traffic and air quality, and real-time tracking systems to 
better manage passenger flow. These technologies can reduce waiting 
times for passengers and help manage traffic around the stations more 
effectively.
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As current stations have been built for human drivers, reconstructing 
them or making new stations for AVs should be included in the future 
programs. In fact, this new technology requires smart and developed 
infrastructure which is not ready yet. It is worth noting that many 
problems such as disorders in trip distribution, air pollution, travel time, 
energy consumption and human errors in accidents can be solved or 
decreased by using AVs. Thus, the identification of suitable locations for 
autonomous vehicle (AV) stations based on traffic criteria such as ac
cidents, street width, population, traffic, distance from the stations, etc. 
is a critical issue in encouraging and convincing people to use these 
vehicles. All urban transportation systems around the world need sta
tions in order to provide safe movement for road users. The number of 
stations should be balanced; more stations boost ridership and also in
crease travel time, while fewer stations can decrease ridership [5]. In 
this regard, the combination of theory and practice in choosing the 
location of stations should be considered.

In the present work, the issue of AVs and their stations is investigated 
with the aim of taking some effective actions in transportation system. 
Mashhad was selected as the case study because this historical and 
religious city, as the spiritual capital of Iran, experiences an influx of 
millions of domestic and international pilgrims every year, especially 
during peak pilgrimage seasons. This leads to significant pressure on its 
transportation infrastructure, resulting in common urban issues such as 
traffic congestion, overcrowded public transportation systems, air 
pollution, and delays in the movement of people. These issues are 
magnified by the sheer volume of visitors, many of whom rely on public 
transportation or taxis to travel to and from religious sites. The scale of 
these problems during high-demand periods is far more intense 
compared to other major cities in the country. Hence, the specific 
characteristics of this city, such as its high population density, large 
number of pilgrims, and traffic challenges, make it an ideal location to 
study and analyze the transportation challenges and the potential use of 
AVs. As these challenges are not unique to Mashhad and are shared by 
many cities in Iran and other countries around the world, the findings 
and conclusions of this research can be significantly generalized and 
applied to other similar cities. Thus, the condition of this city makes it 
the representative of many cities in developing countries [6]. Also, the 
AHP (Analytic Hierarchy Process) and TOPSIS (Technique for Order of 
Preference by Similarity to Ideal Solution) methods were used in this 
study to offer robust frameworks for decision-making and identifying 
optimal locations for AVs stations. These methods help prioritize factors 
such as accessibility, traffic conditions, environmental impact, and 
infrastructure readiness, all of which are critical in optimizing the 
placement of transportation systems, especially AVs stations. Cities 
facing high congestion, pollution, and infrastructure constraints can 
apply these methods to assess and choose locations that would maximize 
the effectiveness of AV stations, improve traffic flow, reduce pollution, 
and enhance public transportation access. By using them, urban plan
ners can also make more informed decisions regarding the integration of 
AVs into the existing transportation network. For example, selecting 
locations that are already experiencing high traffic volumes but lack 
sufficient public transportation could encourage users to switch from 
traditional vehicles to AVs, alleviating congestion and pollution. More
over, the use of AVs in underdeveloped or underserved areas could 
improve access to transportation and reduce regional inequalities.

2. LITERATURE review

The first attempt at driverless vehicles dates back to many years ago, 
and the evolution in them has been started in the 1920s [7]. The oper
ation of these vehicles is based on a design with three phases called 
‘‘sense-plan-act’’, which is the fundamental presumption of multitude 
robotic systems [8]. Unfortunately, many people have been partially or 
entirely excluded from participating in public life because of some 
mobility restrictions or disabilities [9]. AVs have their own advantages 
that can provide new mobility opportunities for the mentioned group of 

people [10]. AVs offer significant benefits in creating a happier life for 
road users and increasing safety [11]. In fact, advances in this technol
ogy can take control from a driver who is impaired in some abilities 
[12]. As driving includes different interactions with road users such as 
vehicles, pedestrians and bicyclists, it is more complicated than flying an 
airplane. In fact, there is a need to provide vehicles to have human-like 
driving efficiency, so the aim of AVs designers is to move toward actu
ality [13]. Also, based on the readiness of people, countries must select a 
proper management model for AVs since they need on-time imple
mentation [14]. It should be noted that the intention of people to use 
AVs may be affected by legal concerns, ethical issues and trust in this 
new technology [15].

In recent years, various studies have been conducted on the 
conceptualization, development and implementation of AVs. Trans
portation engineers are interested in investigating its traffic efficiency 
[16,17], safety aspects [18,19], economic benefits [20–22], environ
mental issues [23,24], demand forecasting [25] and its accessibility for 
elderly and disabled people [26,27]. Civil engineers have studied the 
integration of this technology with existing infrastructure [28], the 
development of new passenger stations [29], the construction of 
charging stations [30] and the implementation of real pilot programs. 
They are concerned about the details of roadways, intersections, and 
signage for safe and effective navigation of AVs. Existing road infra
structure has been built for human drivers, and it is not ready for the 
integration of AVs [31]. So, based on the needs of AVs, existing road 
infrastructure must be upgraded [32]. Urban planners have carried out 
research on the best policies and strategies [33] for the use of AVs 
technology and its effect on land use [34]. Public engagement, educa
tion, transit integration, regulations, insurance and liability are other 
aspects that need further investigation. Sensors [35], algorithms for 
training of AV systems [36,37], artificial intelligence [38], robotics [39] 
and automotive engineering are additional topics for investigation. In 
this paper, passenger stations for AVs are investigated.

Generally, there are two patterns of AVs ownership: “private” one 
refers to private vehicles with private use, while “shared” is about 
shared uses that can be with or without any vehicle ownership. Shared 
Autonomous Vehicles (SAVs) are a form of self-driving transportation 
that can provide on-demand services and transport multiple passengers 
from the same station or pick-up location to the same station or drop-off 
destination with the same vehicle [40]. Consequently, the number of 
vehicles on the roads and traffic congestion will decrease. Also, SAVs 
have potential to reduce energy, emissions and vehicle travel [41]. Car 
sharing, personal vehicle sharing, ride-sharing and on-demand ride 
services are some models of shared transportation [42]. In car sharing, 
multiple people use the same vehicle at different times without owner
ship, allowing for either station-based or free-floating models. The other 
system is personal vehicle sharing, in which vehicle owners turn their 
personal cars into a shared vehicles and rent them out to others. 
Recently, various studies have been conducted on SAVs [43–46]. Hence, 
it is crucial to identify suitable stations for these types of vehicles.

The space of the stations affects the performance of the trans
portation system [47]. They found that by improving facilities in sta
tions, the stopping time would be reduced. As a matter of fact, stations 
should be located appropriately, without causing any blockages for 
other road users [48]. The distance from stations is another issue; resi
dents near stations prefer to use them more than people who live far 
from them [49]. Minimizing travel time and waiting time for stations are 
two important issues and benefits of AVs [50]. These parameters can be 
considered for AVs, as well. The decision-making process can help to 
find appropriate locations for AVs stations. AHP and TOPSIS are 
extensively used as decision-making tools in transportation studies such 
as dangerous goods transportation [51,52], transportation logistics [53,
54], urban public transit [55], site selection for transportation subjects 
[56], transportation supply chain parameters [57], optimal route se
lection [58,59], site selection for emergency centers in Silk Road [60], 
and selecting the best strategies for transportation systems [61–63]. 
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Transportation researchers utilize GIS in decision-making studies 
[64–66].

3. Materials and methods

This study has been carried out in two phases: analyzing the current 
stations and then, determining the locations of new stations for AVs.

3.1. Study area

Mashhad as the capital of Razavi Khorasan province, is located in 
Northeast Iran, covering an area of 204 square kilometers, with a pop
ulation of over 3 million people. It is the second-largest metropolis in 
Iran, known for its striking urban journeys. The city as a tourist center, is 
positioned along longitude 59 degrees 15 min to 60 degrees 36 min and 
latitude 35 degrees 43 min to 37 degrees 8 min, with an altitude of 985 
m above the sea. This city has the potential to develop in a sustainable 
manner. As shown in (Fig. 1), the locations of current taxi stations do not 
have a homogenous distribution; they were established based on pre
vious experiences. In this figure, 53 stations are displayed with yellow 
point symbols on satellite images of Mashhad.

3.2. Data collection

The data utilized was carefully selected from several reputable and 
authoritative sources, ensuring its reliability and accuracy. These key 
organizations involved in transportation management and urban plan
ning in Mashhad. These sources include Mashhad Traffic Control Center, 
Mashhad Transport Organization and Statistical Center of Iran, and 
additional information was obtained from the Traffic Police (see 
Table 1). It is worth mentioning that the data collected from these 
centers is regularly updated and provides accurate, high-quality and 
time-sensitive information. For the purposes of this study, the data from 
these sources were harmonized and standardized before analysis. This 

process involved addressing any potential inconsistencies between 
datasets and ensuring that all data points were compatible with the 
research methodology employed. Also, a combination of technologies 
and methodologies such as Traffic Counters, Surveillance Cameras, 
Annual Statistics, Accident Data and Street Width Measurements were 
utilized to collect the required data. In order to ensure the reliability and 
validity of the collected data, several validation measures including 
Regular Reviews, Cross-Checking with Other Sources and Comparison 
with Historical Data were employed.

3.3. Analysis method

Generally, the combination of AHP and TOPSIS methods effectively 
contributed to choosing the best locations for AVs stations in the present 
work. AHP scientifically and transparently assigned weights to criteria, 
while TOPSIS, using similarity analysis, identified the optimal stations 
among various alternatives. At the first step, the AHP and GIS software 
were integrated to analyze the 53 existing stations. Then 15 suitable AVs 
stations were selected. After that, they were ranked using the TOPSIS 
method. Finally, the best location for each station was proposed with the 

Fig. 1. Location of taxi stations on satellite images of Mashhad.

Table 1 
Required spatial data.

Format Saving 
method

Data source Scale Data name

Shape 
File

Vector Mashhad Transport 
Organization

1.43056 Streets

Shape 
File

Vector Mashhad Traffic Control 
Center

1.43056 Stations

Excel 
File

Report Mashhad Traffic Control 
Center

1.43056 Traffic

Excel 
File

Report Statistical Center of Iran 1.43056 Population

Excel 
File

Report Traffic police 1.43056 Traffic 
reports
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aid of GIS software.

4. Results and discussion

The abilities of a site will differ based on its considered concepts, so 
functional indicators should be combined with the criteria, to assess the 
locations for stations.

4.1. Analytic hierarchy process (AHP)

AHP is a well-established and credible method, particularly effective 
in multi-criteria decision-making, where various criteria need to be 
considered simultaneously. This method assigns accurate weights to 
various criteria, such as air pollution, traffic, and infrastructure quality, 
and determines the significance of each criterion in the final decision- 
making process. AHP consists of three levels: goals, criteria, and alter
natives, making it a useful tool for addressing complex economic 
problems, especially in developing countries [67]. This method sim
plifies the decision-making process by evaluating and assigning weights 
to multiple criteria [68]. Moreover, AHP is particularly effective in 
reducing human errors and accelerating the evaluation of options with 
minimal economic costs [69].

In this study, by assuming n alternatives and m criteria, there were 
six parameters: Staccdense, Stwiddense, Stpopdense, Sttrfdense, 
Ststdense, Stdistdense. The first one referred to accident density, the 
second one was street width density, the next one was population den
sity, the other one was traffic density, and the fifth one referred to sta
tion density, and the last parameter was distance from station density. 
All of these parameters have been weighted, and the results are shown as 
the following matrix. In this matrix, the rows indicate parameters and 
the columns show the weights of parameters. The steps of analysis are as 
follows: 

1. Comparing criteria with respect to the target 
⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

1
9
7

9
6

9
8

9
4

9
5

7
9

1
7
6

7
8

7
4

7
5

6
9

6
7

1
6
8

6
4

6
5

8
9

8
7

8
6

1
8
4

8
5

4
9

4
7

4
6

4
8

1
4
5

5
9

5
7

5
6

5
8

5
4

1

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

After normalization: 

2. Matrix weights by using arithmetic mean 
⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

0.23 0.23 0.23 0.23 0.23

0.18 0.18 0.18 0.18 0.18

0.15 0.15 0.15 0.15 0.15

0.21 0.21 0.21 0.21 0.21

0.1 0.1 0.1 0.1 0.1

0.13 0.13 0.13 0.13 0.13

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

Finally, the weight of each parameter is as follows:

Accident density: 0.23, Street width density: 0.18, Population den
sity: 0.15, Traffic density: 0.21, Station density: 0.1 and Distance from 
station density: 0.13.

These coefficients were entered in ArcGIS software, and the out
comes are shown in (Fig. 2).

Six criteria were analyzed by AHP and the weight of each of them 
was entered into GIS software. Dark spots in this figure indicate the best 
stations (Fig. 2). The color spectrum shows that number 1 has the lowest 
value, while number 9 contains the highest value. Also, there are several 
dots that overlap each other. This means that the place and its sur
roundings are suitable for the location of stations.

To verify the accuracy of the results and assess how changes in the 
weights might affect the final outcomes, sensitivity analysis was also 
conducted. This analysis was performed using the Export Choice soft
ware, and its purpose was to examine the impact of changes in the 
weights of the criteria on the final rankings of alternatives. By con
ducting this analysis, we evaluated the effects of weight changes on the 
results and assessed the flexibility of the model in response to various 
changes. The output of the sensitivity analysis is presented in the form of 
diagrams (Fig. 3), which show how variations in weights can signifi
cantly influence the final results.

As it shows, the accident parameter has the highest fluctuation 
compared to other criteria and it is the most effective parameter in 
determining the locations of stations.

4.2. Running technique for order preference by similarity to ideal solution 
(TOPSIS) method

TOPSIS is a widely used and effective method for prioritizing alter
natives, capable of quickly ranking various options and selecting the 
best ones. This method evaluates alternatives by comparing them to the 
ideal and the worst possible solutions, ranking them based on their 
proximity to the ideal solution. This method provides high accuracy, 
greater stability in final results, and rapid data processing, which facil
itates the decision-making process and yields reliable and valid results 
[70,71]. It is one of the Multi Criteria Decision-Making methods 
(MCDM) that is able to specify the effect of any criterion according to the 
station’s situation. The following steps are required to implement 
TOPSIS: 

1. Making a decision matrix in which the rows are the alternatives 
(stations) and the columns are effective criteria. 

Aij =

⎡

⎢
⎢
⎣

a11 a12 ... a1n
a21 a22 ... a2n
⋮ ⋮ ⋯ ⋮

am1 am2 ... amn

⎤

⎥
⎥
⎦ (1) 

2. Standardized decision matrix elements and create a standard 
matrix using the following equation. 

rij =
aij
̅̅̅̅̅̅̅̅̅̅̅̅
∑m

k=1
a2

kj

√ (2) 

3. Determine the weight vector of each of the criterion (Wi) subject to 
the unbiased condition 

( ∑n
i=1 Wi = 1

)
. In this regard, the most 

important indicators are higher in weight. Then, in order to achieve 
the standard Matrix (V), standard values are multiplied to the 
equivalent weight per criterion. 

Vij =

⎡

⎢
⎢
⎣

w1r11 w2r12 ... wnr1n
w1r21 w2r22 ... wnr2n

⋮ ⋮ ... ⋮
w1rm1 w2rm2 ... wnrmn

⎤

⎥
⎥
⎦ (3) 
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Fig. 2. Location of stations in GIS software.

Fig. 3. The output of the sensitivity analysis.
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4. Calculate the distance of i th alternative from the ideal alternative 
(the highest performance of any criteria) that is shown by (A∗). 

A∗ =
{(

maxvij|jεJ
)(

minvij|jεJ
}

(4) 

A∗ =
{
v∗1, v

∗
2, ..., v

∗
n

}
(5) 

In the above equation vij represents the weighted standard matrix 
element, i is the number of columns and j is the number of rows. 

5. Estimate of i th minimum option distance (the lowest performance 
indicators) that is shown by (A− ). 

A− =
{(

minvij|jεJ
)
,
(
maxvij|jεJ

}
(6) 

A− =
{
v−1 , v

−
2 , ..., v

−
n
}

(7) 

6. Estimate the distance of each option 
(
S∗

i
)

from the ideal and anti- 
ideal options 

(
S−

i
)

S∗
i =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
∑n

j=1

(
vij − v∗j

)2
√
√
√
√ (8) 

S−
i =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
∑n

j=1

(
vij − v−j

)2
√
√
√
√ (9) 

7. Determine indicator Ci for each item and ranking the options ac
cording to it. 

C∗
i =

S−
i

S−
i + S∗

i
(10) 

The parameter range is varied in 0 ≤ C∗
i ≤ 1 so thatC∗

i = 1 represents 
the top and C∗

i = 0represents the lowest ranks.
TOPSIS method was performed in accordance with the above steps 

and, considering accident density, street width, population density, 
traffic density, station density, and density of distance from the stations, 
these results are provided (see Table 2).

In this table, station (17) located at Hemmat Highway bridge in the 
Resalat, with a score of 0.599378782, was in the best situation, while 
station (40) located at Mousavi Ghouchani and Gharani intersection, 
with a score of 0.172045327, was not efficient in terms of performance.

4.3. Suggested location for the best stations

Choosing the best location for stations is affected by a variety of 
criteria, including accident density, street width, population density, 
traffic density, station density and density of distance from the stations. 
For this purpose, and according to the location measures, evaluation and 
analysis, preparing maps, tables and graphs on their spatial patterns 
showed that the existing stations in Mashhad are not enough to cover the 
entire city. By using AHP in combination with GIS capabilities and 
considering the weight and efficacy of each criterion, it revealed that 
some AVs stations can be located in areas different from existing sta
tions. Therefore, (Fig. 3) was proposed in the software output for 
locating the best stations.

The color spectrum in (Fig. 4) illustrates that brown areas are the 
best and final sites for construction of AVs stations. According to this 
figure, a couple of locations are recommended for building AVs stations 
(see Table 3).

The software output indicated that these 9 areas in Mashhad city are 
appropriate for building AVs stations, and they meet the considered 
criteria. In fact, the traditional model of stations needs to be modernized 
for AVs in some regions of this city. It is worth mentioning that more 
than half of the current range of the city is outside the standard coverage 
radius and requires new stations in order to cover the entire city. Be
sides, findings indicated that AVs stations must be located in streets with 
balanced widths because narrow roads may create traffic congestion and 
accidents consequently. In addition, the space of stations for picking up 
and dropping off passengers must be considered, since some stations are 
usable for both human drivers and AVs simultaneously, and the general 
satisfaction of these two groups is important. Thus, policymakers and 
experts can use the outcome of present study to promote the trans
portation system of this city by implementing AVs; however, before 
implementation, the infrastructure, such as the best location of stations, 
design of streets, and culture of using them, must be provided.

To enhance the reliability of the proposed station locations, addi
tional sources of validation were utilized. These included reviewing 
similar projects globally, where AV infrastructure has been imple
mented, and incorporating expert opinions from urban planners, trans
portation experts, and other stakeholders with specialized knowledge. 
By comparing the results of this work with successful case studies and 
gathering insights from professionals who have hands-on experience in 
AV infrastructure projects, it was revealed that the proposed locations 
align with proven practices and lessons learned from other cities.

While analytical methods and expert reviews provide valuable in
sights, real-world testing and simulation models are essential for 
assessing the practicality of the proposed station locations in a dynamic 
urban environment. Future trials, such as pilot projects or small-scale 
implementations, could allow for observing how the stations perform 
in real-life conditions. These trials would enable the assessment of fac
tors like actual traffic patterns, passenger flow, safety measures, and 
public acceptance. By simulating how AVs interact with the infrastruc
ture and testing the system in real-time scenarios, the potential chal
lenges that might not have been captured through theoretical models 
can be identified.

Additionally, simulations using traffic management software or dy
namic urban modeling tools could be conducted to assess how these 
proposed stations interact with other aspects of the city’s infrastructure, 
such as roads, public transportation systems, and existing traffic signals. 
These simulations would provide valuable data on potential congestion 
points, user behavior, and the integration of AVs into the broader urban 
transport ecosystem.

By combining the current analytical results of this research with 
these additional validation methods, including future pilot trials and 
simulation studies, the effectiveness and reliability of the proposed 
station locations will be confirmed. These validation processes will 
ensure that the findings of the present study can be confidently applied 
in real-world applications and contribute to the successful integration of 

Table 2 
Results of TOPSIS method in ranking the stations.

DMU RANK CL

17 1 0.59938
19 3 0.54785
21 8 0.35705
23 9 0.35078
24 10 0.34772
25 6 0.42208
30 5 0.42387
31 4 0.44138
34 14 0.21367
37 2 0.58672
40 15 0.17205
42 7 0.41247
48 12 0.32575
50 13 0.25868
52 11 0.33861
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Fig. 4. The software output for locating the best station.
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AVs into urban transportation systems.
Ultimately, by drawing on a combination of advanced analytical 

techniques, expert input, and real-world testing, the proposed AVs sta
tion locations are both practical and beneficial for the future of urban 
transportation. These steps will help ensure that the implementation of 
AVs infrastructure is effective, efficient, and widely accepted by the 
public.

5. Conclusion

These days, one of the important topics related to the transportation 
system is Autonomous Vehicles (AVs), which will drive people without 
any direct control by humans. Limitations such as driver tiredness, over- 
speeding and ignoring traffic rules do not apply to AVs since these cars 
can detect obstacles and avoid them. These existing problems will in
crease in the future with a growing population and increasing migration 
to urban areas in many countries. For this purpose, using AVs as a safer 
and more efficient type of transportation system has been proposed to 
improve mobility for the disabled, elderly, and also young people.

In the transportation system, stations are fixed locations for road 
users, determined by experts. Unfortunately, in the city of Mashhad, the 
stations that have been built up to date, are based on experimental 
models and management comments, and there is no certain mathe
matical model concerning traffic to determine their locations. As a 
result, construction of stations in inappropriate locations causes ob
structions, accidents and pollution. So, examining the problem and of
fering suitable solutions will be particularly important in Mashhad. 
Therefore, in this paper, existing stations’ locations were evaluated 
through a comprehensive review, and appropriate sites based on effec
tive factors were suggested to develop new AVs stations. To this end, 
using new technologies and information analysis technology played a 
significant and indispensable role in managing and deciding the exact 
locations of stations. Using GIS and AHP indicated that accident density, 
with the highest weight of 0.23, and traffic, with a weight of 0.21, are 
two affective criteria in determining the locations of stations. In fact, 
accident rates and traffic congestion will reduce if an appropriate 
location of station is identified. As expected, station density, with a 
weight of 0.1, has the lowest influence on the locations of stations. Also, 
from the 15 selected stations, three-30 (Janbaz Boulevard), 37 
(Khayyam Boulevard) and 52 (Ahmadabad Boulevard)- have some 
technical problems due to the lack of taxi station signs. These stations 
were designed according to managerial comments and economic con
siderations without adhering to the rules and regulations governing 
station locations. Thus, traffic signs, as a momentous topic, should be 
developed in existing stations, and they must be assimilated into both 
existing stations and new stations of AVs.

It is clear that the implementation of AVs will take several decades, 
so both manual driving and these new vehicles may coexist on the roads 
simultaneously. Thus, smart stations equipped with rigorous routing 
technologies, high-speed internet, standard traffic signs and advanced 

optical fibers can facilitate travel for both AVs and human drivers. Also, 
waiting times for passengers will be minimized in smart stations since 
they include real-time tracking systems, automated ticketing systems 
and various smart sensors to control traffic. Furthermore, the existing 
stations should be upgraded and standardized to connect AVs and sta
tions, receive and send real-time information, announce arrival and 
departure times, reduce errors and improve the passenger experience. In 
fact, for the integration of AVs, some structural changes and updates to 
the station designs are necessary.

Air quality is another significant factor in determining optimal lo
cations for new AV stations. The negative environmental impacts of 
existing transportation systems can be decreased by considering the Air 
Quality Index (AQI) during the location analysis of new stations. Un
fortunately, picking up or dropping off passengers in stations creates 
traffic congestion, slows down the flow of traffic, and increases air and 
noise pollution. As a result, those areas with better air quality and lower 
pollution levels were prioritized in the present study.

The successful implementation of AVs and the use of their stations 
require the satisfaction and acceptance of road users. In this research, 
the feedback and opinions of road users were taken into account in 
selecting the station locations and designing them. Factors such as 
accessibility to stations, time-saving, enhanced travel experience, 
aesthetic and modern station design, adaptation to various weather 
conditions and infrastructure improvement should be considered. Road 
users expect to access stations easily and process of boarding and 
alighting from AVs to be fast and efficient. Additionally, the design 
should also harmonize with the urban environment, providing a positive 
impression that motivates users to use these stations. Stations should be 
suitable for all weather conditions, including rain, snow, or extreme 
heat. Based on the opinion of road users, various transportation infra
structure such as traffic signs, road markings, mapping systems, and 
other physical equipment need to be updated.

Moreover, public advertising, raising awareness, and educating road 
users on how to use AVs and smart stations, especially during the early 
stages of technology adoption, are crucial. Different public awareness 
campaigns and collaborations with community groups can increase 
acceptance and help overcome any skepticism regarding the adoption of 
AVs.

Considering the construction of smart stations for these vehicles, 
initial assessments suggest that the required budget for these projects is 
significantly lower compared to traditional transportation infrastruc
ture. This makes the construction of AVs stations economically feasible, 
allowing policymakers to consider it as a viable option for future urban 
development.

The findings of this research provide valuable insights for organi
zations such as urban planning authorities and public transportation 
agencies. These insights can guide them in shaping future transportation 
policies, infrastructure investments, and projects. Involving urban 
planners, transportation authorities, local government agencies, and 
community representatives ensures that all perspectives are considered, 
and the project aligns with the broader goals of the city or region. Their 
input can help identify potential challenges or concerns, such as infra
structure readiness, user acceptance, and regulatory hurdles. By 
involving these groups early on, the research findings can be applied 
more effectively, ensuring the success and sustainability of the AV 
systems.

In summary, these vehicles and smart stations can remarkably 
improve the current transportation system in Mashhad and many large 
cities around the world that face similar challenges. The proposed new 
stations feature distinct and optimized characteristics. These stations are 
strategically located in less congested areas to avoid creating problems. 
Constructing stations equipped with smart technologies can reduce 
pollution, alleviate traffic, enhance the quality of transportation ser
vices, and make travel easier for all road users. Considering these ex
planations, it can be concluded that the proposed new stations not only 
address existing problems but also contribute significantly to the greater 

Table 3 
Suggested location for the construction of AVs stations.

No. Area Between

1 Sajjad Boulevard Khayyam intersection Palestinian three- 
way

2 Samarkand (Martyr 
Ebadi)

Railway intersection Gaz intersection

3 100 Metri Boulevard Imam Hosein Square Aboutaleb Boulevard
4 100 Metri Boulevard Barnoqan Square Imam Hosein Square
5 Hejazi Hospital Martyr Quchani 

Boulevard
Bou-Ali Square

6 Imam Reza Boulevard Kalantar intersection Beitolmoqadas 
Square

7 Imam Reza Zed Square Bargh Square
8 Airport Boulevard Hafez Square Parvin Etesami
9 Fadaian Islam Emdadi intersection Bargh Square
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acceptance of AVs and provide a positive user experience.

CRediT authorship contribution statement

Alireza Hoveidafard: Writing – review & editing, Writing – original 
draft, Visualization, Validation, Supervision, Software, Resources, 
Project administration, Methodology, Investigation, Formal analysis, 
Data curation, Conceptualization. Sina Fard Moradinia: Writing – 
original draft, Visualization, Validation, Supervision, Software, Re
sources, Project administration, Methodology, Investigation, Formal 
analysis, Conceptualization. Babak Golchin: Validation, Methodology, 
Data curation. Ali Ghaffari: Software, Methodology.

Declaration of competing interest

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper.

Funding

This research has received no external funding.

Acknowledgements

Hereby, the authors claim that this paper is a presentation of their 
original research work.

Data availability

The data that has been used is confidential.

References

[1] B.S. Jahromi, T. Tulabandhula, S. Cetin, Real-time hybrid multi-sensor fusion 
framework for perception in autonomous vehicles, MDPI Sens. 19 (2019) 4357, 
https://doi.org/10.3390/s19204357.

[2] T. Lei, S. Wang, J. Li, F. Yang, A cooperative route choice approach via virtual 
vehicle in IoV, VEH Commun. 9 (2017) 281–287, https://doi.org/10.1016/j. 
vehcom.2017.05.001.

[3] A. Ghaffari, Hybrid opportunistic and position-based routing protocol in vehicular 
ad hoc networks, J Ambient Intell Hum. Comput 11 (2020) 1593–1603, https:// 
doi.org/10.1007/s12652-019-01316-z.

[4] A. Barzegar, O. Doukhi, D.J. Lee, Design and implementation of an autonomous 
electric vehicle for self-driving control under, GNSS-Denied Environ. Appl. Sci. 11 
(2021) 3688, https://doi.org/10.3390/app11083688.

[5] S. Roy, A. Maji, A Station Location Identification Model For an Integrated 
Interoperable High-Speed Rail System, Asian Development Bank Institute, Tokyo, 
2019. ADBI Working Paper 956Available, https://www.adb.org/publications/sta 
tion-location-identification-model-high-speed-rail-system.

[6] H. Shadab Mehr, M. Rahnama, M. Shokouhi, E. Mafi, Optimization of main public 
transport paths based on accessibility — case study: mashhad, Iran, J. Public 
Transp. 19 (1) (2016) 114–128, https://doi.org/10.5038/2375-0901.19.1.8.

[7] Bimbraw, K., 2015. "Autonomous cars: past, present and future a review of the 
developments in the last century, the present scenario and the expected future of 
autonomous vehicle technology," 2015 12th International Conference on 
Informatics in Control, Automation and Robotics (ICINCO), Colmar, France, 2015, 
pp. 191–198.

[8] S.A. Bagloee, M. Tavana, M. Asadi, T. Oliver, Autonomous vehicles: challenges, 
opportunities, and future implications for transportation policies, J. Mod. Transp. 
24 (2016) 284–303, https://doi.org/10.1007/s40534-016-0117-3.

[9] M. Sivak, B. Schoettle, Road safety with self-driving vehicles: general limitations 
and road sharing with conventional vehicles. https://hdl.handle.net/2027.42/ 
111735, 2015.

[10] B. Friedrich, The effect of autonomous vehicles on traffic, in: Barbara Lenz, 
Markus Mauer (Eds.), Autonomous Driving, J Christian GerdesSpringer, Berlin, 
2016, pp. 317–334, https://doi.org/10.1007/978-3-662-48847-8_16.

[11] H. Mirzahossein, M. Mashhadloo, Modeling the effect of autonomous vehicles 
(AVs) on the accessibility of the transportation network, Sci. Rep. 14 (2024) 9292, 
https://doi.org/10.1038/s41598-024-60069-8 (2024).

[12] Cotter, J.E., Atchley, A., Banz, B.C., Tenhundfeld, N.L., 2021. Is my user impaired? 
Designing Adaptive Automation that Monitors the User’s State. Published in: 2021 
Systems and Information Engineering Design Symposium (SIEDS). https://doi.org/ 
10.1109/SIEDS52267.2021.9483731.

[13] C. Wei, R. Romano, F. Hajiseyedjavadi, N. Merat, Driver-centred autonomous 
vehicle motion control within A blended corridor, IFAC-Pap. 52 (5) (2019) 
212–217, https://doi.org/10.1016/j.ifacol.2019.09.034.

[14] D. Tran, C. Le, Developing a regulatory framework for autonomous vehicles: a 
proximal analysis of European approach and its application to ASEAN countries, 
TalTech J. Eur. Stud. 12 (2) (2022) 165–188, https://doi.org/10.2478/bjes-2022- 
0016.

[15] S. Ramjan, P. Sangkaew, Understanding the adoption of autonomous vehicles in 
Thailand: an extended TAM approach, Eng. Manag. Prod. Serv. 14 (1) (2022) 
49–62, https://doi.org/10.2478/emj-2022-0005.

[16] S.M. Hosseinian, H. Mirzahossein, Efficiency and safety of traffic networks under 
the effect of autonomous vehicles, Iran. J. Sci. Technol. Trans. Civ. Eng. 48 (4) 
(2024) 1861–1885.

[17] C. Liu, A. Quilliot, H. Toussaint, D. Feillet, A filtering system to solve the large- 
scale shared autonomous vehicles dial-a-ride problem, Transp. Res. C: Emerg. 
Technol. 161 (2024) 104551.

[18] P. Chen, H. Ni, L. Wang, G. Yu, J. Sun, Safety performance evaluation of freeway 
merging areas under autonomous vehicles environment using a co-simulation 
platform, Accid. Anal. Prev. 199 (2024) 107530.

[19] H. Wang, W. Shao, C. Sun, K. Yang, D. Cao, J. Li, A survey on an emerging safety 
challenge for autonomous vehicles: safety of the intended functionality, 
Engineering (2024).

[20] P.M. Boesch, F. Ciari, K.W. Axhausen, Autonomous vehicle feet sizes required to 
serve diferent levels of demand, Transp. Res. Rec 2542 (2016) 111–119, https:// 
doi.org/10.3141/2542-13.

[21] F. Carreyre, T. Chouaki, N. Coulombel, J. Berrada, L. Bouillaut, S. Hörl, On-demand 
autonomous vehicles in Berlin: a cost–Benefit analysis, Transp. Res. Rec. 2678 (5) 
(2024) 13–30.

[22] L. Mo, Z. Cui, R. Jia, K. Dong, C. Zhao, How does autonomous vehicles affect taxi 
industry? A two-stage Van Damme based tripartite evolutionary game perspective, 
Res. Transp. Econ. 103 (2024) 101387.

[23] H.K. Kim, The environmental benefits of an automatic idling control system of 
connected and autonomous vehicles (CAVs), Appl. Sci. 14 (11) (2024) 4338.

[24] Y. Zhang, X. Chen, J. Ma, L. Yu, Environmental impact of autonomous cars 
considering platooning with buses in urban scenarios, Sustain. Cities Soc. 101 
(2024) 105106.

[25] S. Karam, M.S. Ryerson, A.M. Kim, M.Z. Li, Autonomous vehicle impacts on airport 
leakage with demand forecasting and environment implications, Transp. Res. D: 
Transp. Environ. 133 (2024) 104268.

[26] J. Brinkley, R. Ugboko, Accessible autonomous vehicles as symbiotic autonomous 
systems for users with disabilities: preliminary design guidelines, in: 2024 IEEE 4th 
International Conference on Human-Machine Systems (ICHMS), IEEE, 2024, 
pp. 1–5.

[27] F. Golbabaei, J. Dwyer, R. Gomez, A. Peterson, K. Cocks, A. Bubke, A. Paz, 
Enabling mobility and inclusion: designing accessible autonomous vehicles for 
people with disabilities, Cities 154 (2024) 105333.

[28] F. Zou, J. Ogle, W. Jin, P. Gerard, D. Petty, A. Robb, Pedestrian behavior 
interacting with autonomous vehicles during unmarked midblock multilane 
crossings: role of infrastructure design, AV operations and signaling, Transp. res. 
part F: traffic psychol. behav. 100 (2024) 84–100.

[29] X. Song, K. Cheng, T. Wu, H. Wang, Y. Guo, Cost-efficient edge federated learning 
over multiple base stations for the ITS based on connected and autonomous 
vehicles, IEEE Trans. Intell. Transp. Syst. (2024).

[30] Z. Zhang, J. Liu, J.P. Bastidas, S. Jones, Charging infrastructure assessment for 
shared autonomous electric vehicles in 374 small and medium-sized urban areas: 
an agent-based simulation approach, Transp Policy (Oxf) 155 (2024) 58–78.

[31] O. Tengilimoglu, O. Carsten, Z. Wadud, Infrastructure requirements for the safe 
operation of automated vehicles: opinions from experts and stakeholders, Transp 
Policy (Oxf) (2023), https://doi.org/10.1016/j.tranpol.2023.02.001.

[32] H. Manivasakan, R. Kalra, S. O’Hern, Y. Fang, Y. Xi, N. Zheng, Infrastructure 
requirement for autonomous vehicle integration for future urban and suburban 
roads – current practice and a case study of Melbourne, Aust., Transp. Res. A: 
Policy Pract. 152 (2021) 36–53, https://doi.org/10.1016/j.tra.2021.07.012.

[33] L. Booth, C. Karl, V. Farrar, S. Pettigrew, Assessing the impacts of autonomous 
vehicles on urban sprawl, Sustainability 16 (13) (2024) 5551.

[34] H. Westerman, J. Black, Preparing for fully autonomous vehicles in Australian 
cities: land-use planning—Adapting, transforming, and innovating, Sustainability 
16 (13) (2024) 5492.

[35] S.A. Yusuf, A. Khan, R. Souissi, Vehicle-to-everything (V2X) in the autonomous 
vehicles domain–A technical review of communication, sensor, and AI technologies 
for road user safety, Transp. Res. Interdiscip. Perspect. 23 (2024) 100980.

[36] J. Jeyaraman, J.N.A. Malaiyappan, S.M.K. Sistla, Advancements in reinforcement 
learning algorithms for autonomous systems, Int. J. Innov. Sci. Res. Technol. 
(IJISRT) 9 (3) (2024) 1941–1946.

[37] Lee, S.H., Kwon, D., Seo, S.W., 2024. Autonomous algorithm for training 
Autonomous vehicles with minimal Human intervention. arXiv preprint arXiv: 
2405.13345.

[38] U. Rajasekaran, A. Malini, M. Murugan, Artificial intelligence in autonomous 
vehicles—a survey of trends and challenges, Artif. Intell. Auton. Veh. (2024) 1–24.

[39] E.F.I. Raj, B. Mahadevan, N.P. Subathira, S. Darwin, Application of cloud robotics 
in autonomous vehicles. Shaping the Future of Automation with Cloud-Enhanced 
Robotics, IGI Global, 2024, pp. 359–379.

[40] K.F. Yuen, D.T.K. Huyen, X. Wang, G. Qi, Factors influencing the adoption of 
shared autonomous vehicles, Int J Env. Res Public Health 17 (13) (2020) 4868, 
https://doi.org/10.3390/ijerph17134868.

A. Hoveidafard et al.                                                                                                                                                                                                                           Sustainable Futures 10 (2025) 100755 

9 

https://doi.org/10.3390/s19204357
https://doi.org/10.1016/j.vehcom.2017.05.001
https://doi.org/10.1016/j.vehcom.2017.05.001
https://doi.org/10.1007/s12652-019-01316-z
https://doi.org/10.1007/s12652-019-01316-z
https://doi.org/10.3390/app11083688
https://www.adb.org/publications/station-location-identification-model-high-speed-rail-system
https://www.adb.org/publications/station-location-identification-model-high-speed-rail-system
https://doi.org/10.5038/2375-0901.19.1.8
https://doi.org/10.1007/s40534-016-0117-3
https://hdl.handle.net/2027.42/111735
https://hdl.handle.net/2027.42/111735
https://doi.org/10.1007/978-3-662-48847-8_16
https://doi.org/10.1038/s41598-024-60069-8
https://doi.org/10.1109/SIEDS52267.2021.9483731
https://doi.org/10.1109/SIEDS52267.2021.9483731
https://doi.org/10.1016/j.ifacol.2019.09.034
https://doi.org/10.2478/bjes-2022-0016
https://doi.org/10.2478/bjes-2022-0016
https://doi.org/10.2478/emj-2022-0005
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0022
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0022
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0022
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0035
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0035
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0035
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0011
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0011
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0011
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0063
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0063
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0063
https://doi.org/10.3141/2542-13
https://doi.org/10.3141/2542-13
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0010
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0010
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0010
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0041
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0041
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0041
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0028
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0028
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0072
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0072
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0072
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0027
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0027
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0027
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0008
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0008
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0008
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0008
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0021
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0021
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0021
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0075
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0075
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0075
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0075
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0053
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0053
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0053
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0073
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0073
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0073
https://doi.org/10.1016/j.tranpol.2023.02.001
https://doi.org/10.1016/j.tra.2021.07.012
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0007
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0007
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0066
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0066
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0066
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0069
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0069
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0069
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0024
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0024
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0024
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0045
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0045
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0044
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0044
http://refhub.elsevier.com/S2666-1888(25)00321-1/sbref0044
https://doi.org/10.3390/ijerph17134868


[41] Z. Wadud, D. MacKenzie, P. Leiby, Help or hindrance? The travel, energy and 
carbon impacts of highly automated vehicles, Transp. Res. A: Policy Pract. 86 
(2016) 1–18, https://doi.org/10.1016/j.tra.2015.12.001.

[42] D.R. Rueda, M.J. Nieuwenhuijsen, H. Khreis, H. Frumkin, Autonomous vehicles 
and public health, Annu Rev Public Health 41 (1) (2020) 329–345, https://doi. 
org/10.1146/annurev-publhealth-040119-094035.

[43] Y. Chen, Y. Liu, Y. Bai, B. Mao, Real-time dispatch management of shared 
autonomous vehicles with on-demand and pre-booked requests, Transp. Res. Part 
A: Policy Pract. 181 (2024) 104021.

[44] C. Liu, V. Zyryanov, I. Topilin, A. Feofilova, M. Shao, Investigating the impacts of 
autonomous vehicles on the efficiency of road network and traffic demand: a case 
study of Qingdao, China, Sensors 24 (16) (2024) 5110.

[45] S. Tiwari, N. Nassir, P.S. Lavieri, Smart insertion strategies for sustainable 
operation of shared autonomous vehicles, Sustainability 16 (12) (2024) 5175.

[46] Z. Wang, K. An, G. Correia, W. Ma, Real-time scheduling and routing of shared 
autonomous vehicles considering platooning in intermittent segregated lanes and 
priority at intersections in urban corridors, Transp. Res. E: Logist. Transp. Rev. 186 
(2024) 103546.

[47] H. Ziari, R. Mahmud, M. Keymanesh, M. Khabiri, Locating stations of public 
transportation vehicles for improving transit accessibility, Transport 22 (2) (2007) 
99–104.

[48] K.J. Krizek, Measuring accessibility: prescriptions for performance measures of the 
creative and sustainable city, Int. J. Sustain. Dev. 13 (1–2) (2010) 149–160, 2010.

[49] Pongprasert, P., Kubota, H., 2017. Switching from motorcycle taxi to walking: a 
case study of transit station access in Bangkok, Thailand, Volume 41, Issue 4, 
December 2017, Pages 182–190. https://doi.org/10.1016/j.iatssr.2017.03.003.

[50] Wiodzimierz, C., Iwona, G., 2019. Autonomous vehicles in urban agglomerations, 
Transportation Research Procedia 40., 655–662, 13th International Scientific 
Conference on Sustainable, Modern and Safe Transport (TRANSCOM), High Tatras, 
Novy Smokovec – Grand Hotel Bellevue, Slovak Republic, May 29-31. https://doi. 
org/10.1016/j.trpro.2019.07.093.

[51] H. Kanj, Y. Kotb, M. Alakkoumi, S. Kanj, Dynamic Decision Making Process for 
Dangerous Good Transportation using a Combination of TOPSIS and AHP Methods 
With Fuzzy Sets, IEEE Access, 2024.
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