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Abstract: Intersections are the most important regions in terms of urban traffic management. The
intersection areas on the corridor should be analyzed together for consistency in traffic engineering.
To do so, three intersections on the Vatan Street corridor in Istanbul, the most crowded city of Turkey,
were examined. Various geometric and signal designs were performed for intersections and the most
suitable corridor design was analyzed. The corridor designs were modeled with the PTV VISSIM
microsimulation software. The most suitable corridor design was evaluated by using the results
obtained from the microsimulation via analytical hierarchy process (AHP) and technique for order
preference by similarity to ideal solution (TOPSIS) from multi criteria decision analysis (MCDA)
methods. The evaluation criteria in the study are vehicle delay, queue length, stopped delay, stops,
travel time, vehicle safety, CO emission, fuel consumption, and construction cost. As a result, the
current and the most suitable alternative corridors were compared according to the comparison
parameters and up to 80% improvements were observed. Thus, some advantages were obtained in

terms of energy, environment, time, and cost.
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1. Introduction

In recent years, with the increase in population density and mobility, there has been
a significant increase in the number of vehicles in traffic. Therefore, traffic accidents and
low speed in traffic flow occurs and causes problems such as congestion and delay. These
problems are mostly seen in intersection areas. According to Turkish Statistical Institute
(TSI) and Ministry of Interior data, a total of 1,168,144 traffic accidents occurred in Turkey
in 2019 [1,2]. In total, 25% of these accidents occur outside of the settlement and 75% occur
in the settlement. The ratio of accidents occurring only at intersections has a large share
with 22%. For this reason, the intersections are the areas that need to be first addressed
to produce solutions to urban traffic problems. Intersections must to be of high capacity
and security. To meet this requirement, intersections must be designed to be extremely
convenient and in accordance with standards. Intersections are divided into two as at-grade
and grade separated intersections. They are also divided into signalize and nonsignalized
intersections. Both geometric conditions and signaling control types should be considered
when designing intersections.

Major traffic problems occur at intersections due to incorrect design combinations. The
four main principles must be taken into consideration while designing intersections. These
are traffic safety, adequate and high capacity, economic, environmental compatibility [3].
The design of intersections/corridors involves many factors that should be considered
comprehensively. Thus, it is a big challenge that should be faced by the local government,
transportation engineers, road users (drivers, pedestrians, bicyclists etc.). The design and
improvement of intersection/corridor areas will provide great relaxation. It is possible to
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ensure the real effect by applying suitable intersection/corridor designs to a case area. The
correct intersection/corridor designs provide significant improvements in the parameters
such as vehicle delay, queue length, travel time, emission values, and fuel consumption.

In this study, alternative corridors were designed by using various intersection geo-
metric designs and different signaling systems to solve traffic congestion problems such
as vehicle delay, queuing and stops, long travel time. The aim of the study is to provide
traffic improvements by obtaining the most suitable corridor designs. To do so, a three-step
approach was developed and applied. Firstly, PTV VISSIM microsimulation was preferred
to create corridor designs. Secondly, nine criteria were determined for the evaluation of
corridor designs. Analytical hierarchy process (AHP) from multi criteria decision analysis
(MCDA) methods was applied for the weighting of the criteria. Finally, technique for
order preference by similarity to ideal solution (TOPSIS) method was used to analyze
the performance of alternative corridors designs. Sensitivity analysis was performed to
examine the consistency of the results.

The paper is organized into five sections following this introductory section. The next
section provides literature studies on microsimulation-based MCDA and the contribution
of this study to the topic, while Section 3 presents brief materials information about the
study. Section 4 provides information on microsimulation, AHP, and TOPSIS, respectively.
In the Section 5, analysis information of the microsimulation-based MCDM approach is
provided by conducting a case study area. Finally, the last section provides a summary and
suggestions for future studies.

2. Literature Review

Since the design of intersection/corridor is a public problem, researchers have in-
vestigated the issue. Researchers have used various microsimulations, algorithms and
decision-making methods. In this section, first of all, studies on intersection-corridor and
transportation problems which used MCDA and/or microsimulation are examined.

Mandavilli et al. examined and compared the effects of conventional intersection
types and modern roundabouts on the environment. For this, six areas where conventional
intersection types with different traffic densities exist were determined. The designs were
made in SIDRA microsimulation by using traffic data in these regions. As a result, 32%
improvement in CO emission, 38% improvement in CO? emission, 34% improvement in
NOx emission, and 42% improvement in HC emission were observed [4]. Kwak et al. ex-
amined along the corridor the effect of traffic signal optimization on fuel consumption and
emissions. TRANSIMS, VI-Micro, and genetic algorithm were used for optimization [5].

Sun et al. compared the VISSIM and CORSIM. Software availability, average control
delay, average queue length, and cross-sectional traffic volume were considered as evalua-
tion parameters. They presented program advantages, disadvantages, and differences as
a literature study [6]. Golbabaei et al. studied the effects of speed deviation examined in
terms of performance measurements and the number of lane-change maneuvers using the
AIMSUN. According to the simulation results, the number of lane changes decreased by
decreasing speed deviation [7]. Boski et al. studied the effects of vehicle compositions and
signal green interval on emissions. VISSIM and En ViVer programs were used for emission
estimation. As a result of the study, it was found that it is possible to reduce emissions by
changing the signal green interval with vehicle compositions [8].

Dimitrov et al. tried to determine the effects of bus services on traffic by using VISSIM-
AIMSUN. As a result of the study, it was seen that improvements of number of severely
congested road links and total delay parameters could be improved [9]. Bayrak and Abret
performed a performance review by creating three different scenarios for four intersections
on a corridor. Intersections are designed with VISSIM. AHP was used to weight the criteria
considered for intersection design. As a result, the scenarios were compared [10]. The
readers can find other studies relation to MCDA and/or VISSIM in [11-19].

In addition, AHP is frequently used in fundamental civil engineering issues. Kaya
and Kahraman analyzed the performance of intelligent buildings using MCDA techniques.



Sustainability 2021, 13, 1859

30f17

AHP and TOPSIS were used in the study conducted in a fuzzy environment. Three
different alternatives for a business center in Istanbul were evaluated and ranked [20]. The
mechanical, environmental and economic aspects of recycled aggregate concrete (RAC)
were explored to evaluate the most sustainable concrete. In total, 25 mixtures were prepared
using RAC at various mass ratios. For the selection of the sustainability of the RAC, a
framework based on AHP and TOPSIS, with target compressive strength being the main
objective, was used [21].

When the number of vehicles, land use and mobility in Turkey are examined, it is
observed that the performance of the current intersection designs is insufficient. It is clear
that this situation will create various disadvantages in the current traffic conditions. In this
study, intersection-based corridor designs were made in the most central area of Istanbul.
Accordingly, three methods were used for the first time in the literature. It is thought
that with these methods, more realistic results will be obtained in the solution of corridor
design problems.

There are some shortcomings in previous studies and these are (i) vehicle inputs for
microsimulation were made in passenger car units, not in vehicle composition type. (ii) The
designs were based on intersections, not corridors. This situation causes to retain small
scale of the traffic flow analysis. (iii) The combinations of alternative geometric statuses
of the designed intersections were limited. (iv) The number of scenarios created was
insufficient while the most suitable intersection/corridor design analysis was performed.
(v) No ranking method was used in the selection or rank of alternative scenarios.

Although there are many studies which apply microsimulation approach on suitable
corridor design problems as mentioned above, there is still a gap on selection of suitable
corridor design. We solved this gap by using a VISSIM-based MCDA. The study presents
various contributions to the literature in some ways: (i) vehicle inputs for microsimulation
were made in vehicle composition type. This provides a more realistic design. (ii) This is the
first time that such a high number of scenarios were created for corridor designs. (iii) In this
study, traffic flow analysis was examined based on corridor. (iv) Combinations of all con-
ventional intersection types were made, and alternative intersection types were produced
accordingly. (v) In the process of determining the most suitable corridor design, ranking
method was used for the first time. (vi) VISSIM-based AHP and TOPSIS approaches were
proposed. These methods were used together for the first time in corridor-intersection
designs in this study:.

3. Materials

Intersection areas are the points where traffic mobility and accidents in the city are
the highest. In particular, conventional intersection designs have a lot of disadvantages.
Excessive vehicle delay, queue length, travel time, emission values, and fuel consumption
are examples of these disadvantages. To this end, corridor-based intersection designs
were examined in order to minimize the negative effects of intersection performances
in this study. The framework of the paper is given in Figure 1. First of all, traffic data
to be used for corridor design was obtained and VISSIM modeling was performed with
these data. In total, 30 different corridors were obtained and calibration was performed to
test the consistency of the microsimulation results. As a result of the calibration process,
it was observed that 18 corridor designs were usable for analysis. Various geometric
and signalization designs were performed for corridors. Conventional intersection types
were used for geometric designs. Webster and VISSIM Signal Optimization method were
preferred for signalization designs. After this stage, nine criteria were determined via
literature, expert and author opinions. The weighting of the criteria was determined by
four academicians and five experts in the field of transportation. Performance analysis of
the most suitable corridor designs was performed by using the results obtained from the
microsimulation and TOPSIS.
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Figure 1. Framework of the study.

3.1. Study Area

Istanbul is Turkey’s most populous city with a population of 16 million. As of the
end of 2019, there are more than about four million motor vehicles in Istanbul [1]. Traffic
mobility in the city is over acceptable limits. The high number of vehicles and high mobility
creates many important traffic problems. Many problems occur such as traffic congestion,
delay, increase in fuel consumption due to the traffic density at intersection points.

Vatan Street is the center of Istanbul’s most important public and social areas (uni-
versities, Istanbul Metropolitan Municipality, hospital, government buildings, etc.). The
street is one of the regions where the urban traffic population is the most intense because
of the high demand for transportation. For these reasons, Vatan Street corridor was chosen
as the study area for Istanbul. The corridor length is 2580 m and there are three at grade
intersections on the corridor. The study area and traffic flows are presented in Figure 2.

3.2. Evaluation Criteria

In order to measure the performance of the corridor designs, evaluation criteria
should be determined. The literature, author and expert opinions were used to determine
the evaluation criteria for this study. The definition of the evaluation criteria for the
intersection/corridor design and their usage in the literature are given in Table 1. The
criteria used in the literature were taken into account in the study. Additionally, other
criteria were added considering the opinions of the authors and experts.

3.3. Data Collection

The collection and evaluation of traffic volume data is an important issue for traffic
control, audit and management. The traffic flows of the intersections on the corridor are
presented in Figure 2. In order to determine the traffic flow values in the study area,
the traffic counts were conducted. The count results were obtained as a result of 15 min
measurements at 07:00-09:00 a.m. and 04:30-06:30 p.m. Vehicle types were evaluated
separately and accordingly counts were made. Comparing the morning and evening
counts, traffic volume in the morning was preferred in the study because the traffic volume
in the morning was higher. The traffic counts used in the study are given in Table 2.
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Figure 2. Study area and traffic flows on intersections.
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Table 1. Definition and literature search of evaluation criteria.
Criteria Definition 1 (2) (3) @) (5) (6) (7) (8)
C.1—Vehicle Delay One of the most 1mp0rt?1nt perfqrmance mdlcators used in the evaluation of v v v v v
intersection/corridor design.
C.2—Queue Length It is one of the indicators that b.est shom{s the opgratlon quality and condition of v v v v
the intersection/corridor.
It is the delay for the vehicle th hen the vehicl
C.3—Stopped Delay t is the delay for the vehicle t f”"t occurs w. en the vehicles are at rest v v
during traffic.
C.4—Stops It is the forced immobility of t'he V(.ehlc'les due to traffic congestion v
and signalization.
C.5—Travel Time The time drivers spend, including delays, between origin and destination points. v v
Since there are many conflict points at intersection, vehicle collisions are frequent.
C.6—Vehicle Safety Vehicle safety is a parameter to be taken into account in v A A
intersection/corridor designs.
It is known that vehicles emit more emissions at low speeds and at rest. It is one
C.7—CO Emission of the parameters to be taken into account in intersection/corridor designs due to v v v
environmental concerns.
The vehicle’s stop-and-go and low speeds increase the consumption of fuel,
C.8—Fuel Consumption which is a nonrenewable resource. It should be taken into consideration in A v v A
designs to reduce fuel consumption.
C.9—Construction Cost An intersection/corridor design should be evaluated not only in terms of traffic v

parameters but also economically.

Sources: (1) Comert [22]; (2) Yao et al. [23]; (3) Zheng et al. [24]; (4) Stevanovic et al. [25]; (5) Huang et al. [26]; (6) Stevanovic et al. [27]; (7) Alemdar et al. [28]; (8) proposed paper.
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Table 2. Traffic counts of intersections.

Traffic Flow Data (veh/h)
Vehicle Type Intersection #1 Intersection #2 Intersection #3
Car 3207 4138 770
Van 461 352 147
Taxi 298 583 270
Taxi Minibus 94 117 63
Service Minibus 199 329 97
Public Transport 72 139 72
Heavy Truck 13 19 7

4. Methods

The evaluation of intersection/corridor analysis in the literature is generally per-
formed using microsimulation programs. There are many evaluation criteria that affect
the traffic flow in the intersection/corridor. Therefore, a multi criteria decision making
problem needs to be solved. In this study, intersection/corridor designs were performed
by using PTV VISSIM. Nine criteria were taken into account for the evaluation of inter-
sections/corridors and AHP method was preferred for weighting the criteria. In order
to evaluate the performance of intersection/corridor designs, the ranking process was
done by TOPSIS method. Finally, the corridor design that had the best performance value
was determined.

4.1. Microsimulation

Traffic simulation programs are widely used to solve urban traffic congestion and
planning problems. Microsimulation is preferred for modeling heterogeneous traffic [29]. Mi-
crosimulation is frequently used because it is safer, cheaper, and faster than field studies [30].

PTV VISSIM is one of the most used microsimulation programs [31,32]. In this
study, VISSIM program was used to design the geometric status and signaling systems of
intersections on the corridor. The usability of VISSIM has been proven by literature studies.
VISSIM has been developed for traffic modeling and evaluation of urban transportation
systems and transit transportation systems; is a behavior based microsimulation program.
Various road combinations, traffic signaling systems and public transportation systems are
designed for urban road traffic via this simulation program.

It is seen that VISSIM has many advantages in various fields compared to other
microsimulation programs. VISSIM is a program that has a wide geometric design infras-
tructure, modeling all transit modes in traffic, random routes, and vehicle production [33].
VISSIM is more understandable in terms of user interface and easier to implement [34].

4.2. Analytical Hierarchy Process (AHP)

AHP is one of the MCDA methods developed by Thomas L. Saaty in 1977 to solve
complex problems [35]. This method is the most commonly used method for solving
problems in economic, political, social, and technical fields [36-38]. AHP is a structure
in which multiple decision makers are involved in the decision-making process. AHP
is a decision making method that includes the opinions, preferences and experiences of
individuals and groups [39]. As with all decision-making processes, the all factors that
affect result need to be identified. Considering that these factors affect each other, the
ratio of the elements affecting each other is determined through binary comparison. The
hierarchical structure of AHP consists of at least three levels [40]. First, the purpose of the
study should be determined. At the second level, there are evaluation criteria that affect the
study and at the last level, there are alternatives. The AHP method consists of six process
steps, as follows [41,42]:

Step 1. Defining the problem and determining evaluation criteria;

Step 2. Constructing of AHP hierarchy;

Step 3. Making pairwise comparison matrix.
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Pairwise comparison matrices are established to compare the advantages of the criteria
in the hierarchical structure of AHP with each other. In the pairwise comparison matrix, the
relative importance of i. and j. criteria is determined according to the higher level factor. If
there are n elements in the comparison matrix, 7 * (n — 1) /2 comparisons are required. The
Saaty scale is used in the pairwise comparison matrices [43]. Comparisons are made for
elements that remained above the diagonal, such that all values of the pairwise comparison
matrix are one.

Step 4. The normalization of the pairwise comparison matrices is made by Equation (1).

aij

M

al;; =
] n ..
i=1 4ij

Step 5. The priority vectors are calculated by using Equation (2).
1 L ! . .
wi:(n)];aijz,jzl,z,...,n )

Step 6. Calculation of consistency ratio (CR): CR is calculated by Equations (3) and (4)

in AHP method.
_CI

CR—ﬂ

®)

n

n—1

where; ajj: decision alternatives, Ay eigenvalue, CI = consistency index.
The random index (RI) value is calculated for cases where the number of evaluation

criteria is up to 15. Rl values are presented in [28]. If the CR is less than 0.10, the comparison

matrix is consistent. Otherwise, the matrix is inconsistent and the AHP processing steps

need to be reviewed again.

Cl = Apax — 4)

4.3. Technique for Order Preference by Similarity to Ideal Solution (TOPSIS)

TOPSIS is a method developed by Hwang and Yoon in 1980 and has many applications.
This method is based on two fundamental points. The positive ideal solution (PIS) and
the negative ideal solution (NIS) are expressed as these points. In the TOPSIS method,
alternatives that are closest to PIS and at the farthest distance from NIS are defined as
the best decision alternatives [44]. The TOPSIS method consists of six process steps, as
follows [45]:

Step 1. The decision matrix is established by Equation (5).

11 12 . "n
a1 T2 ... T2
Ri‘ _ . . e . (5)
] i1 rio e Yin
L7m1 Tm2 --- Tmn J

where rijis the value of the jth attribute in the ith alternative; i =1, 2,...m; j =1, 2,...,n.

Step 2. Formation of normalized decision matrix.

Normalization is undertaken using different methods in the literature. There are
different approaches such as vector, linear and nonmonotonous normalization. In this
study, vector normalization is undertaken by using Equation (6).

rlij = L] (6)

m 2
i=17ij
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Step 3. Calculate the weighted normalized decision matrix.
The weights (w) of the criteria were determined by various criteria weighting methods.
The weighted normalized decision matrix is calculated by Equation (7).

7)1‘]‘ = ZU] * r/ij (7)

Step 4. Determine the positive ideal solution A" and the negative ideal solution A~
AT = { <mlaxvij|j IS ]), (miinvij|j IS ]/) i = 1,2,...,m} ={vf, 05, ...,0f} (8

AT = { <rrllinvij|j€]>,<miaxvi]-|j€]/>i—1,2,...,m} = {U;,ZJE, ...,Z),;} 9)

If the evaluation criteria are in terms of benefit; AT is the best value of v; A~ consists
of the worst values. If the evaluation criteria are in terms of cost; A~ is the best value of v;
AT consists of the worst values.

Step 5. Calculation of discrimination criteria.

For each decision option in TOPSIS, there are two measures of separation, called the
positive ideal distinction S;” and the negative ideal distinction S; . The Euclidean distance
approach is used to calculate the separation criteria.

S = i (05 —0F)° (10)
=1

Sz_ = Z (Uij — U]-_)z (11)
=1

Step 6. Calculate the relative closeness (RC) of each alternative by the Equation (12).

S
RC; = —1L 12
ST +St (12)

The value of RC reflects the relative superiority of the alternatives. Larger RC indicates
that the alternative i is relatively better, whereas smaller RC indicates this alternative is
relatively poorer [45].

5. Result and Discussion
5.1. Design of Microsimulation Model

Firstly, the geometric situation of the study area was considered and a simulation of
the current situation of the study area was performed by VISSIM. Road networks were
designed for the current situation and alternatives. After this stage, vehicle assignment was
made according to the traffic volume values and vehicle compositions. Vehicle assignments
were based on the type of vehicle. A total of 205 different vehicle route assighments were
made in order to transfer the movements of the vehicles in the traffic flow to the simulation
in a realistic way. Then, priority rules were performed in conflict areas to prevent vehicle
conflict occurring at intersections and road connection areas. Signal systems were designed
to control traffic flow. At this stage, Webster Signal Optimization method was applied for
intersection 3 considering traffic volume values and for other intersections, VISSIM Signal
Optimization was used.

Current and alternative corridors designs were simulated separately for each design.
All designs were analyzed and debugged. After this stage, measurement toolboxes were
used in order to obtain microsimulation results. A total of 30 alternative corridor designs
were performed by VISSIM both in terms of geometric design and signal systems. Consis-
tency analysis was performed for all designs by GEH calibration method for traffic volume.
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As a result, 18 out of 30 corridor designs were found to be usable. The corridor designs are
presented in Table 3.

Table 3. Corridor designs.

Corridor Design Geometric Status Corridor Design Signal Status
Intersection No
Alternative
#1 #2 #3 #1 #2 #3
1 CSs CS CS CS CS CS
2 GS AGC CS CSs CS Webster
3 GS GS CS CSs CS Webster
4 GS CS CS CS CS CS
5 CS AGC CS VISSIM Cs CS
6 CS AGC CS VISSIM CS Webster
7 CS GS CS VISSIM CS Webster
8 CS Roundabout CS VISSIM CS Webster
9 CS CS CS VISSIM CS CS
10 CSs AGC CS VISSIM CS Webster
11 CS CSs CS CS CS Webster
12 CS Roundabout CS CS CS Webster
13 CS CS CS VISSIM CS Webster
14 CS AGC CS VISSIM Cs CS
15 GS AGC CS CS CS CS
16 CS GS CS VISSIM CS CS
17 GS GS CS CS CS CS
18 GS CS CS CSs CS Webster

Note: CS: current status, GS: grade separated, AGC: at grade channelized.

All types of intersections of grade separated were designed as underpass intersections.
Seven different geometric status used in corridor design are given in Figure 3.

As is clear from Figure 3, two different geometric designs were made for the inter-
section 1. For intersection 1, 1.1 represents the current status, 1.2 represents the grade
separated status. For intersection 2, 2.1 represents the current status, 2.2 represents the
grade separated status, 2.3 represents the roundabout status, 2.4 represents the at grade
status. Since no different geometric design was made for intersection 3, 3.1 represents the
current situation. In the Figure 3, the grade separated design was made for only inter-
sections 1 and 2. This is because when the standards are examined, it is seen that traffic
volume data of intersection 3 is not sufficient for grade separated status [46].

Six different signal status were used for the corridor designs and these statuses include
studies on signal periods. Webster Signal Optimization was used only at intersection 3.
When traffic volume values were examined, only intersection 3 was suitable for Webster
Signal Optimization. Saturation flow in Webster Signal Optimization took 1894 passenger
cars unit per hour per lane. For other intersections, the Signal Optimization toolbox at
VISSIM was preferred.

5.2. Results of VISSIM

Performance values were obtained from microsimulation by considering evaluation
criteria. These performance values are given in Table 4. For performance values (C.9—
Construction Cost) that cannot be obtained from VISSIM, expert and authors opinions
were used.
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Figure 3. Geometric status of intersections.

Table 4. Performance values of corridor designs.

Vehicle Queue Stopped CcO Fuel Con-

Alternative  Delay Length Delay Stops T.T ravel Vehicle Emission sumption Construction
ime (sn) Safety Cost
(sn) (m) (sn) (gr) 1t)
1 176.08 166 100.24 2.62 497.78 112 166.17 9.00 2.1
2 178.67 37.7 65.79 2.94 49351 160 159.90 8.66 11
3 92.58 719 22.73 1.46 320.00 126 95.41 5.17 20.7
4 152.20 94.99 69.23 2.31 355.41 113 144.47 7.82 114
5 120.98 34.64 48.72 2.09 371.88 158 142.62 7.72 1.7
6 185.81 3491 71.48 3.40 470.19 158 169.31 9.17 1.7
7 126.99 113.99 31.51 2.05 340.51 126 142.09 7.69 114
8 188.39 91.22 31.31 3.12 388.48 119 151.65 8.21 1.9
9 174.01 108.8 100.26 2.63 508.53 112 165.46 8.96 2.1
10 191.31 39.32 89.85 3.18 636.99 158 179.17 9.70 1.7
11 221.30 224.6 116.91 3.64 553.33 112 181.48 9.83 2.1
12 248.87 117.1 77.75 3.95 599.46 119 177.96 9.64 1.9
13 217.15 106.7 93.77 3.74 430.38 112 171.00 9.26 2.1
14 176.24 141.2 111.42 2.25 451.42 152 153.32 8.30 1.7
15 105.14 41.06 44.32 1.71 364.47 160 130.17 7.05 11
16 38.37 14.51 13.55 0.73 234.55 126 105.80 5.73 114
17 17.55 5.52 6.47 0.35 208.71 125 91.82 497 20.7
18 218.28 158.5 88.47 3.66 429.17 113 173.10 9.37 11.4

When Table 4 is examined, it is seen that the performance value of the alternative
corridor 17 has the best value in almost all evaluation criteria. However, a multicriteria
problem must be solved in order to determine the best corridor alternative. Therefore, the
best corridor alternative was determined by using AHP and TOPSIS in this study:.



Sustainability 2021, 13, 1859

12 of 17

5.3. Analysis of Analytical Hierarchy Process

AHP method was used to calculate the weights of the evaluation criteria. Firstly, a
decision-making team was established and pairwise comparison matrices were formed
according to the Saaty Scale. The final criterion weighting was obtained by averaging the
weights obtained as a result of pairwise comparisons. CR was calculated using Equation
(3) to analyze the consistency of pairwise comparison matrices. In this study, CR was
calculated as 0.049. Weighted total vectors and priority vectors were obtained, and the
weights of the evaluation criteria were calculated and presented in Table 5. For simplicity,
steps of the AHP method were not presented. However, they are available upon request.

Table 5. Weights of evaluation criteria.

Criteria C.1 C2 C3 C4 C5 C6 Cc7 C8 C9
Weight  0.155 0.129 0.046 0.043 0.102 0.243 0.068 0.059 0.154

According to the AHP results, it is seen that the most important evaluation criterion is
C.6—Vehicle Safety. The least significant evaluation criterion was observed as C.4-Stops.
The order of importance of the criteria is C.6-C.1-C.9-C.2-C.5-C.7-C.8-C.3-C 4.

5.4. Analysis of Technique for Order Preference by Similarity to Ideal Solution

Performance values of the alternative corridors were obtained with the help of VISSIM
and expert opinions. The ranking of the alternatives was done by TOPSIS. First, the
benefit/cost aspects of the evaluation criteria were determined. In this study, all evaluation
criteria were cost aspects. The decision matrix was established and then normalization
process was obtained. After this stage, weighted normalized decision matrices were formed.
The PIS and NIS clusters of the evaluation criteria were formed according to the cost aspect
of the criteria and are given in Table 6. In addition, calculation steps of TOPSIS method are
available upon request.

Table 6. PIS and NIS clusters.

C1 C2 C3 C4 C.5 C.6 C7 C.8 C.9
AT 0.004 0.002 0.001 0.001 0.011 0.048 0.010 0.008 0.006
A~ 0.054 0.064 0.017 0.015 0.035 0.069 0.019 0.016 0.079

The positive and negative ideal distinction matrices were created by using PIS and
NIS cluster. The ranking of the alternative corridors was made according to the distinction
criteria. The ranking process was done by ranking from large to small according to C;"
parameter. The ranking of alternatives was made according to the performance values and
are given in Table 7.

Table 7. Ranking of alternative corridors.

Ranking 1 2 3 4 5 6 7 8 9

Alternative 5 16 6 8 10 9 15 13 14
C;r 0.738 0.705 0.656 0.644 0.628 0.616 0.608 0588 0.570

Ranking 10 11 12 13 14 15 16 17 18

Alternative 1 17 12 2 4 7 11 3 18
Ci+ 0.554 0.550 0545 0534 0525 0522 0473 0451 0.383

As it clear from Table 7, it is seen that the alternative 5 has the best value according
to performance ranking. The worst alternative is the alternative 18. When the best six
alternative corridors were examined, it is seen that the signal status of intersection 1 is
VISSIM Signal Optimization. When the ranking of the most suitable alternative corridor



Sustainability 2021, 13, 1859

13 0f 17

was examined, it is seen that the current geometric and signal system designs of intersection
2 are insufficient and need to be changed. No geometric design was made due to the
restriction of traffic volume values of intersection 3.

The reason for the low performance values of alternative 18 is that intersection 1
is grade separated and intersection 2 is current status. Since the traffic flow speed at
intersection 1 is high, intersection 2 cannot meet the traffic volume coming from intersection
1. Intersection 2 is not designed as suitable the traffic flow speed at intersection 1. The
performance values of the current and best corridor design are given in Table 8. While
analyzing the corridor designs, the analysis values of the other evaluation criteria except
the C9 evaluation criterion were obtained via the VISSIM program. The analysis value of
the C9 criterion was determined with the help of the decision-makers.

Table 8. Performance values of the current and best alternative corridor.

Coridor Vehicle  Queue Stopped Travel Vehicle .CO. Fuel C.o ™" Construction
. Delay Length Delay Stops . Emission  sumption
Alternative Time (sn) Safety Cost
(sn) (m) (sn) (gn) (1t)
1 176.08 165.98 100.24 2.62 497.775 112 166.17 9.00 2.1
5 120.98 34.64 48.72 2.09 371.875 158 142.62 7.72 1.7
Y% 44.79 79.13 72.75 31.83 25.29 —41.07 12.01 12.01 19.05

Note: % means that percent of improvement of corridor performance values.

When the corridor designs 1 and 5 were handled, it was observed that all the criteria
except vehicle safety criterion were improved. When the improvement rates were examined,
it is seen that it is possible to make an improvement of approximately 80%.

5.5. Sensitivity Analysis

The evaluation criteria significantly affect the accuracy of the study. For this reason,
effectiveness analysis should be done on the criteria. Therefore, various scenarios were
established for the sensitivity analysis of the criteria and the analysis was carried out. The
scenarios were created by changing the weights of criteria and their effects on the most
suitable corridor result were examined. The scenarios are as follows.

Scenario 1, the current version of criteria weights is considered;

Scenario 2, all criteria weights are equal;

Scenario 3, the weight of the C.1, C.2 and C.3 criteria is decreased by 50%;

Scenario 4, the weight of the C.4, C.5 and C.6 criteria is decreased by 50%;

Scenario 5, the weight of the C.7, C.8 and C.9 criteria is decreased by 50%;

Scenario 6, the weight of the first three criteria (C.6, C.1 and C.9), which currently
have the highest weight of the nine criteria, is decreased by 25%.

Sensitivity analysis was performed for TOPSIS considering the criteria weights in the
scenarios. The sensitivity graph obtained according to the results of the analysis is given in
Figure 4.

It was observed that the results are sensitive in Figure 4. Thus, it is seen that the effects
of the evaluation criteria are independent variables. The total of criteria weights for all
scenarios is 1. In the sensitivity analysis, it was observed that the ranking of alternative
corridors design changes according to the scenarios. The analysis shows that the criteria
are acceptable.

In this study, Vatan street corridor, which is one of the densest regions of Istanbul
(reflects Turkey as a whole), was chosen as the study area. The most suitable alternative
corridor designs to be obtained by the design of the intersections on this corridor were
determined by microsimulation and MCDA methods.
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Figure 4. Sensitivity analysis graph.

Since corridor design selection is a multicriteria problem, it is not sufficient to evaluate
alternatives by only VISSIM. Therefore, AHP and TOPSIS were used in this study to
determine the most suitable alternative corridor. AHP was preferred because it is an
accepted method for weighting criteria. TOPSIS was preferred because of its advantages
such as ease of use, easy interpretation and easy to understand results.

The current geometric and signal status in the corridor was observed to be problem-
atic. Therefore, Webster and VISSIM Signal Optimization were applied to intersections
signal systems and VISSIM microsimulation was used for geometric design of intersec-
tions. Strategic and scientific solutions were presented for the problems in the current
corridor with proposed methodology. As a result of the proposed methodology, significant
improvements were achieved in terms of traffic parameters between the most suitable
and the current corridor design. By analyzing all intersection/corridor designs in the
city with a scientific framework, it is possible to obtain a more sustainable transportation
and city model in terms of both environmental and energy. In addition, the study can be
expressed as a guideline for the big challenge facing local governments, so that the concept
of sustainable transportation reaches the wider community.

In this study, there are limitations that need to be discussed. When the data collection
period in the study is examined, the counts were made in January, one of the lowest months
in terms of traffic density. A more effective study can be obtained by considering the annual
average traffic counts. Driver behavior models used in microsimulation models limit the
accuracy of the study. VISSIM driver behavior patterns are not the same as real driver
behavior models, as they reflect German drivers. In simulation models, vehicle assignment
and route assignment are generally made in terms of passenger car unit. Considering that
this situation does not reflect the actual traffic conditions, the assignments were made
according to the vehicle types in this study. To increase of depth of the study, the most
suitable corridor selection can be made more effectively by increasing the number of
evaluation criteria (lane number, width and traffic signs, etc.) used in the study.

6. Conclusions

The most important areas in terms of urban transportation are intersections. Since
the traffic density is higher in intersection areas than other road sections, negative factors
such as traffic mobility, congestion and accidents are observed in these areas. Intersections
need to be carefully analyzed in a scientific and technical framework. The aim of this study
was to provide improvements for the corridor section, which is the most central part of
Istanbul, taking into account various traffic performance criteria. In this context, MCDA
and microsimulation method, which is an integrated approach for corridor analysis, were
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used. First of all, nine criteria that affect the intersection designs were determined utilizing
literature, author and expert opinion. AHP method was preferred for weighting process of
evaluation criteria. As a result of the weighing process, the most important criterion was
C.6—Vehicle Safety. The least important criterion was observed as C.4—Stops. The traffic
volume values were obtained by the counts. Considering these traffic volume values, the
designs of the alternative corridors were performed by PTV VISSIM. Using the performance
values of the evaluation criteria and expert opinions, the most suitable alternative corridor
designs were performed by ranking process by TOPSIS. According to the process, the
best corridor design was observed to be alternative corridor 5. When compared to the
performance values of the current and best alternative corridor, improvements of up to
80% for evaluation criteria are possible. As a result of these improvements, it is possible
to achieve a more sustainable transportation and city. These improvements contribute
to subjects such as economy, time, environment, and energy. Furthermore, if the most
suitable corridor design analysis is carried out on a large scale, it can provide a partial
solution to the various problems (environmental and noise pollution, waste of time, fuel
consumption) caused by vehicles especially in metropolitan cities. In addition, sensitivity
analysis was applied to the study to show that the results were sensitive according to the
criteria weights.

Future studies can be performed using other MCDA methods as VlseKriterijuska
Optimizacija I Komoromisno Resenje (VIKOR), Preference Ranking Organization Method
for Enrichment of Evaluations (PROMETHEE) and Complex Proportional Assessment
(COPRAS). Number of lanes, the width of lanes and traffic signs can be included in the
study as technical criteria. Undertaking the suitability analysis of the locations of the
intersections in the corridor with the help of Geographical Information Systems can be
evaluated with VISSIM. Finally, the study area of the VISSIM-based MCDM method in
other areas can be expanded.
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