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ABSTRACT 
 
Urban public transport diversified increasingly with technology. Monorail, one of the latest technologies of 
urban mass transport, is the result of this diversity. The monorail which has been mentioned frequently in the 
recent periods among the rail systems in urban transportation and started to take place in the transportation 
plans is diversified by its physical and technical characteristics. Multicriteria decision-making techniques 
based on selection by making pairwise comparisons among alternatives and criteria are needed to select the 
best monorail technology around various technical and physical features. In this study, 3 different monorail 
technologies were considered and monorail technology selection was made for urban transportation with 
analytic hierarchy process (AHP) and the technique for order performance by similarity to ideal solution 
(TOPSIS) methods. The AHP is used to determine weights of the criteria, and TOPSIS method is used to find 
result ranking. 
Keywords: AHP, multicriteria decision making, urban mass transport, monorail technology, TOPSIS. 
 
 
1. INTRODUCTION 
 

One of the most important components of metropolitan city is urban transport. The urban 
mass transport is varied day by day. The public transport come to the forefront in urban transport 
with the expansion of urban areas, increasing traffic elements, waste of time in traffic and traffic 
accidents. At the same time, urban transport is trended higher-capacity and more reliable rail 
systems due to the ever-increasing demand. These systems try to meet the increasing demand in 
the urban area with its high capacities and are comfortable, safe and fast with rail system. 

The rail systems vary as suburban, tram, light rail system, metro and monorail within 
themselves in the urban transport. These systems, which are alternatives to each other, come to 
the forefront with their different characteristics. When we consider it all, there are taking place in 
urban transportation with their features as high capacity, reliability and comfort. 

Due to over population and urbanization in metropolitan, car ownership and personal vehicles 
lead to traffic congestion. So, to deal with such problems of moving large numbers of people and 
vehicle and air pollution public transport be a good solution to used. İn this point, a monorail 
which is urban mass transport system, is one of the last technology of urban transport. The 

                                                 
* Corresponding Author/Sorumlu Yazar: e-mail/e-ileti: hamurcu.mustafa.55@gmail.com, tel: (318) 357 42 42 / 1045 

 
Publications Prepared for Transist 2016,  

9th International İstanbul Transport Congress  



304 

 

monorail is a railway in which the track consists of a single rail, typically elevated [1]. This 
system has their own route on the elevated. So, it doesn't cut to traffic and other transport systems. 
This system, which is the application examples in the world, has been mentioned frequently in 
recent times. 

Some features that distinguish monorail from alternatives are: environmentally friendly, less 
space use, high capacity, safe, easy to install on busy streets and areas, low cost compared to 
alternatives, and ability to maneuver. A disadvantage of the monorail is high energy used. 

Application examples are in the world and they are operated in urban transport in many 
countries and especially Japan and China. In the Table 1 shows examples of monorail in the world 
[2]. 
 

Table 1. Examples of Monorail Application in the World 
 

Number Name of the Route 
Line 

Length 
(km) 

Speed 
(km/h) 

Opening 
Year 

Country 

1 Inuyama Monorail 1,3 35 1962 Japan 

2 Okinawa Monorail 13,1 60 2003 Japan 

3 Chongqing Monorail 19,2 75 2005 China 

4 Sentosa Monorail 2,1 60 2007 Singapore 

5 Palm Jumeirah Monorail 5,4 70 2009 
United Arab Emirates 

(UAE) 

6 Daegu Metro Line No.3 Monora 24 70 2015 Korea 

7 Düsseldorf International Airport 2,5 50 2002 Germany 

9 Tama Monorail 16 60 1998 Japan 

10 Jacksonville 7 48 1997 America 

 
This system which is not yet applied for urban transportation in Turkey is gradually included 

in the main transportation plans of our cities. Particularly in the Istanbul and Izmir are continued 
project design processes of monorail. In the Ankara and Kocaeli are undergoing preliminary 
assessments for projects. And the monorail system is considered for the other some cities. 

The monorail is preferred over alternative rail systems in terms of some features. Some 
features for metro, monorail, light rail system and tram are shown in Table 2 [3]. 

In the second section of the study, the technology selection problem is explained. In the third 
section, multicriteria decision making methods used in the study are briefly explained. The fourth 
section is contained the application of study. In the fifth section, the conclusions of study are 
given. Finally, given suggestions for future studies. 
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Table 2. Char acteristics of Alternative Rail Systems 
 

Characteristics Metro Monorail Light rail system Tramway 

Capacity of vehicle  140-280 140-280 140-280 100-180 
Passenger capacity of 
vehicle (*1000) 32-70 max.35 15-35 max.15 

Headway(sec) 90 120 120 120 

Maximum speed (km/h) 80 80 80 50 

Mean speed(km/h) 35-40  30-35 30-35  20 

Stopping distance (m) 500-200 --- 500-200 250-500 

Max. slope 4.50% %6-7 5.50% %6-7 

Radius of curvatureı(m) 300 50-60 250 35 

Line strip width(m) 3.70-4.30 80-90 cm 3.70-4.30 3.0-3.5 

Supply system Kataner 3.rail 3. rail Kataner 3.rail Kataner 

Number of vehicles 4-6-8-10 2-4-6-8 3-4 1-2 

Time of shear(sec) 0.6 15 0,6 0,6 
 
2. TECHNOLOGY SELECTION PROBLEM 
 

Technology is developing and advancing day by day. This development is causing diversity. 
Existing vehicles of transport are being developed and winning new features. Thus, it is in urban 
transport vehicles diverse with the increasing urbanization. Determining the best of the increasing 
alternatives reveals the need to make choices for decision makers / managers. A short description 
of technology selection can be made as a selection of the best among alternative technologies. In 
this study, we select the best technology for the determination of the systems which will provide 
improvement in the traffic by providing the user and manager demands. In the Figure 1, shows 
the monorail and monorail line operated in Dubai [4]. 
 

 
 

Figure 1. Monorail in Dubai 
 

The monorail has been used more and more in recent years for existing urban transport 
networks are more efficient. It is introduced for urban transport as could be understood from the 
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academic studies about the monorail, and is mentioned its technical features and suggested for 
urban transport. About the describing features of the monorail [5], to observing recent 
developments about the monorail, evaluating the potential of urban transport alternatives [6], in 
evaluating the economic effect of monorail [7], from short construction time and low cost 
advantages of monorail [8-9], the advantages of the monorail system [10], to introduce the 
monorail system its technical characteristics [11], about the distinguishing features of monorail 
from other urban transport systems [12], to inform about monorail [13], application of Monorail 
as an urban transport vehicle [14], to advise of monorail for urban transport[15], from the features 
that make the monorail popular in urban areas [16],  about the similar and different features of 
monorail and other transport systems [17], about the increasing the popularity of monorail [18], 
about the application for mass transport in different areas [19]. Monorail and other public 
transportation vehicles have been compared [120-24] and multicriteria decision making methods 
have been applied to determine of the monorail route [25-27], selection of monorail projects in 
urban transport [28-29], scenarios with simulated application for monorail have been produced 
[30]. Finally, ANP (Analytical network process) was used to select monorail technology from 
multi-criteria decision making [31]. In this study, the best suitable vehicle has been selected for 
the monorail among developed and diversified urban rail public transport vehicles. 
 
3. MULTICRITERIA DECISION MAKING 
 

Multicriteria decision making methods based on pairwise comparison involve decision 
makers in the decision process by gathering the different criteria and factor in a model. It helps 
decision makers to ensure that alternatives are selected, sorted or weighted. Nowadays, 
multicriteria decision making is often used in many areas and in this method, AHP, ANP, 
TOPSIS, VIKOR and PROMETHE are coming the front of and these methods are frequently 
used. 
 
3.1. The AHP Method 
 

AHP, developed by Saaty in 1980 [32], is a multicriteria decision problem that addresses how 
to determine the relative importance of a set of actions in this process. In the literature, AHP, has 
been widely used in solving many complicated decision-making problems [33]. The process 
includes that it possible to incorporate judgments on intangible qualitative criteria alongside 
tangible quantitative criteria [34].  

The AHP method process is include three principles: first, structure of the model; second, 
comparative pairwise among of the alternatives and the criteria; third, analysis. The multiple 
pairwise comparisons are based on a standardized comparison scale of nine levels find by Saaty in 
AHP [35]. 
 
3.2. The TOPSIS Method 
 

This method is developed by Hwang and Yoon (1981), it is based on the idea of selecting 
alternative the shortest distance from the positive ideal solution and the longest distance from the 
negative ideal solution. The TOPSIS method, which is one of the multicriteria decision making 
methods, is frequently used in decision making processes. The assumption is that every measure 
is either a monotone increasing or monotonously decreasing one-way benefit in this method [36]. 
TOPSIS method is follows general 6 steps [37]; 
 

Step 1: Establish a decision matrix for the ranking 
Step 2: Calculate the normalized decision matrix 
Step 3: Calculate the weighted normalized decision matrix 
Step 4: Determination of ideal (A+) and negative ideal (A-) solution 

M. Hamurcu, T. Eren / Sigma J Eng & Nat Sci 8 (4), 303-314, 2017 



307 

 

Step 5: Calculation of the separation measure 
Step 6: Calculation of the relative closeness to the ideal solution and final rank (C*). 
 

TOPSIS method is used in some study area such as to select the location [38], service 
provider selection [39], staff selection [40], project evaluation [41-43], performance evaluation 
[44-49], multi-criteria inventory planning [50], vendor selection [51], ship design [52], 
scholarship student selection [53], transshipment site selection [54], maintenance strategy 
selection [55] and evaluation of the renewable energy investments [56]. 
 
4. AN APPLICATION 
 

Monorail is an increasingly popular type of public transport in the metropolitan area. This 
system stands out with their own characteristics to survive in the competitive environment and 
can being preferred to with their vehicles. In this diversity that emerges with technological 
developments, managers are going to choose the best technology with the execution of the 
decision processes. The three different monorail technologies discussed in this study are evaluated 
with their different characteristics. One of these monorail vehicles comes to the forefront with its 
high capacity, the other is the aesthetic appearance, and the other is a combination of these two 
features. The dimensions of the lines that these vehicles have changed also change with the 
different features of the vehicles. At the same time, it reflects capacity, speed and 
maneuverability. The raising of the monorails from the ground makes it difficult to evacuate the 
passengers in a disruption that may arise, and it seems that there is a need for evacuation systems. 
This evacuation is carried out by some monorail vehicles in some systems while in some systems 
it is provided by means of intermediate walkways. This system distinguishes from other systems 
and diversify within themselves with features such as sudden stop, acceleration and stopping 
maneuvers, maneuverability, applicability for sloping areas, and minimum turning radius. In this 
study, all these features were considered and monorail alternatives ranked for selection with 
multicriteria decision making techniques. 
 
4.1. Research Methodology 
 

The process of monorail technology selection begins with the identification of alternatives. 
The selection criteria were determined in the light of literature survey and expert opinion.  In the 
next step, it comes up the gathering of the information of alternative technologies and creating the 
hierarchy around the specified criteria.  Firstly, weights of criteria were found by making pairwise 
comparisons of the among the criteria through the AHP method. These calculated criteria weights 
will be input for the TOPSIS method in the its first step.  In the last stage, the TOPSIS method is 
solved and the order of alternative technologies to be selected is found. it is shown the research 
methodology in the Figure 2. 
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Figure 2. Research Methodology 
 

4.2. Determination of Alternatives 
 

The technology is diversifying and developing at the point of meeting the emerging 
transportation needs and meeting the demands. The capacity, aesthetic appearance and, depending 
on these, the dimensions of the vehicle, the speeds, the weights and the passenger evacuation 
patterns of the vehicles vary. Choosing the best one in terms of your goals and criteria from all 
these differences constitutes the most important step of transportation planning. In this study, 
evaluated 3 different the monorail vehicles were ranked and selected the best. The characteristics 
of the 3-different technology are shown in Table 3. 

 
4.3. Determination of Criteria 
 

The evaluation criteria were determined in the light of literature review and especially expert 
opinion, based on the technical characteristics of the monorail system. Line characteristics, 
capacity, vehicle size, speed, weight, safety and acceleration criteria were evaluated. The features 
that distinguish monorail technology from each other were taken into consideration. Of course, 
the different monorail technologies have different structures. It is necessary to consider the 
monorail as a whole system together with the line. Because of the vehicle's size will change, it 
will be needed different monorail vehicles as depending on the its installed line. 
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Table 3. Characteristics of Three Different Monorail Technology 
 

Monorail Technology Technology_1 Technology _2 Technology _3 

Size K1 
Length * Amplitude * 

Dimension (m3) 
456,0 383,3 951,6 

Passenger 
Capacity of 

Vehicle 
K2 0,33 m2/passenger 194 186 415 

Speed (km/s2) 
K3 Max. Speed 60 80 80 

K4 Mean speed 40 48 40 

Acceleration 
(m/s2) 

K5 Acceleration 0,97 1 1 

K6 Stop 1 1 1 

K7 Emergency stop 1,25 1,3 1,23 

Monorail Line 
Features 

K8 Height (m) 1,3 1,89 1,5 

K9 Amplitude (m) 0,7 0,66 0,85 

K10 Yard  4,5 5,1 5,15 

K11 Max. Slope 6 6,5 6 

K12 
Minimum Turning 

Diameter 
40 45 70 

K13 Line Supply(V) 750 750 1500 

Security K14 
Evacuation of 

passengers 
From train to 

train (3) 
Walking on the 

line (5) 
From train to 

train (3) 

Train Weight (ton) K15 Full Weight 72 80 160 

 
4.4. Hierarchy Structure and Finding of Criteria Weights 
 

The AHP is the evaluation process in the with respect to a hierarchy. Decision hierarchy 
consists of goal, criteria and sub-criteria levels. It was found criteria weights or importance levels 
with the model. In the Figure 3, is shown the hierarchy. Firstly, the criterions were compared with 
each other and the importance levels were found and then the sub-criteria were weighted by 
pairwise comparisons. 
 

 
 

Figure 3. The Decision Hierarchical of AHP 
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Creating the pairwise comparison matrix shown in Table 4 to find the weights of the criteria. 
In here, we will compare the line feature and the capacity of monorail vehicle technology. 
According to the comparison of Saaty's score of 1-9, 3 points are given for the capacity, which is 
more important compared to the capacity to line feature. 1/3 value is given for reverse 
comparison. These comparisons are done for all couples. 
 

Table 4. The Pairwise Comparison Matrix for Criteria 
 

 
Line 

Features 
Capacity Size Speed Weight Security Acceleration 

Line Features 1,000 0,333 3,000 3,000 3,000 0,333 3,000 
Capacity 3,000 1,000 5,000 3,000 5,000 0,333 3,000 

Size 0,333 0,200 1,000 0,333 3,000 0,333 0,333 
Speed 0,333 0,333 3,000 1,000 3,000 0,333 0,333 
Weight 0,333 0,200 0,333 0,333 1,000 0,200 0,333 
Security 3,000 3,000 3,000 3,000 5,000 1,000 3,000 

Acceleration 0,333 0,333 3,000 3,000 3,000 0,333 1,000 
 
4.5. Finding of Final Ranking with TOPSIS Method 
 

The initial matrix table of the TOPSIS method is shown in the Table 5. These values are 
purely numerical values of properties belonging to these technologies. Only for the "safety" 
criteria, it was scored "from train to train" by giving 3 point and “Walking on the monorail line" 
by giving 5 point with the intent of the evacuation of the passengers. 
 

Table 5. Decision Matrix for TOPSIS  
 

 
 

The weighted criteria by the weights of the AHP will be used for the TOPSIS method. This 
table is shown the criteria weights and the TOPSIS weighted matrix in the Table 6. 
 

Table 6. The Weighted Normalized Decision Matrix 
 

 
 

The ranking of the interim transactions and the evaluation results are shown in Table 7. The 
ranking of result is technology_3 with 48%, technology_2 with 39%, and technology_1 with 
13%. 
 
 
 
 
 
 
 

K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11 K12 K13 K14 K15

Technology_1 456,0 194,0 60,0 40,0 0,97 1,00 1,25 1,30 0,70 4,50 6,00 40,0 750,0 3,0 72,0

Technology_2 186,0 186,0 80,0 48,0 1,00 1,00 1,30 1,89 0,66 5,10 6,50 45,0 750,0 5,0 80,0

Technology_3 415,0 415,0 80,0 40,0 1,00 1,00 1,23 1,50 0,85 5,15 6,00 70,0 1500 3,0 160,0

Criteria
Alternatives

K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11 K12 K13 K14 K15

Weights of AHP 0,062 0,235 0,026 0,062 0,017 0,039 0,062 0,017 0,012 0,008 0,052 0,038 0,028 0,305 0,038

Technology_1 0,044 0,092 0,012 0,033 0,009 0,023 0,035 0,008 0,007 0,004 0,029 0,017 0,012 0,140 0,014
Technology_2 0,018 0,088 0,016 0,040 0,010 0,023 0,037 0,011 0,006 0,005 0,032 0,019 0,012 0,233 0,016

Technology_3 0,040 0,197 0,016 0,033 0,010 0,023 0,035 0,009 0,008 0,005 0,029 0,029 0,023 0,140 0,031

Alternatives
Criteria
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Table 7. The Final Ranking of TOPSIS Method 
 

 
 

In this study, according to expert opinion, the criterion weights are given as; size with 0,062; 
passenger capacity of vehicle with 0,235; max. speed with 0,026 and mean speed with 0,062; 
acceleration with 0,017-stop with 0,039- emergency stop with 0,062; height with 0,017, amplitude 
0,012, yard 0,008, max. slope, 0,052; minimum turning diameter with 0,038 and line supply with 
0,028; evacuation of passengers with 0,305 and full weight with 0,038. It seems that the most 
important criteria for planners are to provide safety and to meet demands with high capacity for 
urban transport. 

The study was conducted around the objectives of particularly having the capacity to meet 
demands, being safe, having good maneuverability and having a good aesthetic appearance. In 
terms of the weight of criteria, safety and capacity have the highest weight and the line features, 
acceleration, speed, vehicle size and vehicle weight follows respectively these criteria. The 
monorail technology_3 has been effective to be in the foreground with its high capacity. Despite 
its disadvantages such as excessive energy use and large size, this technology ranks first. The 
Planners who have aim to meet high demands in urban transport preferred to the high capacity 
monorail vehicles. At the same time, the select process was affected security, line features and 
maneuverability. As a result, monorail technology, which will be able to improve the urban 
transport, has been selected. 
 
5. RESULT AND DISCUSSION 
 

In this paper, an integrated AHP–TOPSIS methodology is proposed to make a selection 
among the alternative monorail technologies. The criteria determined with AHP were the input to 
the TOPSIS method and the order of technology_3, technology_2 and technology_1 were found 
in the result of TOPSIS method 

The monorail technology for transportation has not yet available in Turkey. However, it is 
taking place in the main transportation plans of the cities and the projecting processes are 
continuing in some cities, In the following years, for many cities will be thought to could prefer 
this type of transportation, and many municipalities are working on this area. The selection of the 
monorail vehicle, which will provide the desired characteristics among the monorail technologies 
that are diversified in the preliminary evaluation, feasibility and projecting processes for 
transportation projects, is important. At the same time, with the choice of monorail technology to 
provide improvement in urban transport, sustainable urban transport will be provided to be more 
livable cities and comfortable transportation. 

Finally, this study introduces an approach that integrates improved AHP with TOPSIS 
method to support technology selection decisions It is multidimensional thinking necessary in 
almost every decision process in urban transport. The usage of multicriteria decision making 
methods in other   transport modes and equivalent areas will yield beneficial results as well as the 
monorail technology selection. It will ensure that correct and best decisions are made in planning 
decisions. At the same time, it can be used together with multicriteria decision making and fuzzy 
numbers for this study and results can be compared. The monorail vehicles can be evaluated also 
financially in addition to the evaluation criteria used in the study. 
 
 
 

Alternatives A* A- Ci (A-/(A-+A*) Percent(%) Ranking
Technology_1 0,143 0,021 0,130 11 3
Technology_2 0,109 0,099 0,475 42 2
Technology_3 0,098 0,110 0,528 47 1
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