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Abstract 

Choosing and adopting “a” transportation system among different transit systems is a 

complex and uneasy work, especially for guided surface transit systems cause they offer 

nearly equivalent services for users and “correct” information is not usually communicated. 

So, careful decision-makers should not only take into account simple advantages and 

inconveniences of systems but also try to realize unveiled information on each system in 

order to recognize better differences between one system and another ones. In this paper, we 

compare the guided surface transit systems, now being in vogue under recent environmental 

and economical challenges, to better understand their different characteristics so that we 

could adopt them better at any given urban context. Under this object, we try to carry out our 

research as objective as possible vis-à-vis diverse local contexts for ensuring reasonable and 

acceptable results by using a multi-criteria analysis method (MCAM) with information 

obtained from transport authorities and operators of certain cities. 
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The need for reflective knowledge of public transit systems is an ongoing issue to choose and 

implement an (sometimes several) appropriate option. This issue has become by no means 

more crucial considering today’s financial, economical and environmental concerns being 

repeatedly mentioned. Our research is an attempt to find more comprehensive, reasonable and 

consensual comparison for the public transit systems, especially guided ones from bus-based 

ones to rail-based so that we could choose an adequate transit system for our cities. 

 

1. Transit systems to study 

The systems we will study are surface guided transit systems, which can be usually seen in 

our daily life although we don’t recognize them well: 

 ‘Modern’ Tramway on rail1: this is a classical streetcar but with many modernized 

material like development of more efficient electric supply and low-floor vehicles, 

now becomes one of the modern urban transit system. Tramway vehicles operate, in 

general, both in street traffic and on their own track of different types at a high 

average commercial speed with enhanced quality of service. For example, 32-meter 

tramway can transport 3000-4000 passengers per hour per direction depending on the 

headways (3 or 4 minute) with the commercial speed around 20 km/h under different 

Right-of-Way categories. It is obvious that the unit capacity goes up and the unit cost 

of tramway goes down as we use a longer tramway. So, in this research, we just take 

the tramway of 32 m that allows us not only to limit our comparison span in terms of 

capacity but also to evaluate between something comparable. 

 Tramway on tire (Translohr2): this is a new type of transit system made by Lohr 

Industrie. This uses a guidance system originated from rail-based system and a 

rubber-tyred traction system from road-based vehicle. So we call it tramway on tyre.A 

32-meter Translohr (STE4) can carry 2250-3400 passengers per hour per direction 

according to the headway under the exclusive R/W (category B) and the commercial 

speed is nearly same as that of tramway while it requires less space to implement and 

less capital cost than tramway. 

 TVR3 (Transport sur Voie Réservée: Transport on reserved route): this is a system 

invented by Brugeoise & Nivelles and then bought by Bombardier, which can be said 

a kind of bus with several cars and with a physical guidance system at the bottom of 

vehicle using one rail. The TVR can carry approximately 2600 passengers per hour 

per direction thanks to his 24-meter length, but the commercial speed on the exclusive 

R/W section is not as high as the tramway or Translohr due to technical problems 

highly linked to the guidance system. 

 CIVIS (Bus with optical guidance): this is a bus system with an optical guidance 

situated at the up front of the bus. This was invented by Irisbus and Siemens, and now 

is available as an option for several urban bus vehicles (not only for the Irisbus). This 

Civis can carry around 2100 passengers per hour per direction on the exclusive R/W 

                                                             
1 A formal definition was adopted in 1989 and placed in the TRB's Urban Public Transportation Glossary: "A 

metropolitan electric railway system characterized by its ability to operate single cars or short trains along 

exclusive ROW at ground level, on aerial structures, in subways, or occasionally, in streets and to board and 

discharge passengers at track or car floor level." 
2 http://www.lohr.fr/transport-public-tech.htm 
3 This system is on the way of disappearing cause the rolling stock maker, Bombardier, doesn’t make it any 

longer officially. 
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with less operating cost than the systems mentioned before. The DKE4 of Civis is 

larger than these systems because of the lack of the physical guidance while this gives 

the flexibility of service when any interruption happens. 

 Trolleybus: this is a kind of bus but using overhead energy supply system coupling 

with electric engine more powerful and less pollutant. Trolleybus can carry as many 

passengers as Civis. However its layout is limited since it uses the electric power 

supplied by overhead catenaries reducing local pollution and noise. 

 Standard Bus: this is a well-known road vehicle designed to carry passengers and 

widely used in public transportation field. Its unit and hourly capacity is same as Civis 

and Trolleybus. However, if bus doesn’t use exclusive bus lanes, the traffic 

perturbation occurs randomly and the quality of service will be going down rapidly. 

 

Beyond this simple description, it is worthy to mention more detailed technical information 

about each system we will study. In general, the maker of a transit system doesn’t propose 

only one option we could choose but several different ones. This is why we usually encounter 

an impasse or severe critics when doing a comparative analysis between different transit 

systems. Just taking an extreme option of transit systems could disturb and even destroy our 

whole thought process. Hence, we take into account one hypothesis which makes us carry out 

a veritable comparison between something comparable: 

 The tramway in this research is 32 m long, Cidadis 302 type 

 Tramway on tire is also 32 m long, Translohr STE4 type, 

 The other road-based systems are maximum 24.5 m long allowed by French law. 

 

After taking into consideration these hypotheses, we have prepared the technical 

characteristics of transit systems in our research shown in Table 1: 

Transit system Unit 
Tramway: 

Citadis 302 

Tramway on 

tire: Translohr 
TVR CIVIS Trolleybus Bus 

Power  750 D/C 750 D/C 
750 D/C & 

ICE 
ICE5 750 D/C ICE 

Height m 3.20 2.89 3.22 3.22 2.90 2.90 

Width m 2.40 2.20 2.50 2.55 2.50 2.50 

Floor level mm 320 250 290 320 320 340 

Min. radius m 25 11.80 12 12.50 12.50 12.50 

Max. Gradient % 10 13 13 13 13 13 

DKE
6
 m 5.85 5.46 6.147 6.80 6.80 6.80 

Overall length m 32-33 32 24.50 18 18 18 

Unit capacity 4 p/m2 200 170 130 105 105 105 

Table 1: Technical characteristics of 6 transit systems 

                                                             
4 DKE: Dynamic Kinetic Envelop. 
5 ICE: Internal Combustion Engine. 
6 DKE: Dynamic Kinetic Envelop (Source: SYSTRA, EREA, Ingérop, LACUB (2005)) and this could be varied 

depending on the context. 
7 With the guidance system. 
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2. Methodology to apply: ELECTRE III 

Multi-criteria analysis is widely used in selecting the alternatives to meet given objectives 

from a finite set of decision alternatives with respect to multiple, usually conflicting criteria. 

Transit system choice process is a multi-objective task in nature; maximize transport offers 

under limited cost and environmental constraints encircling many stakeholders. In addition, 

as it doesn’t exist unique solution for a transport project but several compromises, decision 

makers only choose one solution among these compromises. So it is obvious to use multi-

criteria analysis to assess transit systems among different alternatives. 

In this research, we use one of multi-criteria analysis methods which called ELECTRE III to 

compare 6 surface guided public transit systems. The ELECTRE III method is a highly 

developed multi-criteria analysis method, which takes into account the “reality” such as 

uncertainty and hesitation by introducing a notion of “flou” (fuzzy, vagueness, unclearness) 

generally explained by pseudo-criterion. ELECTRE III method, therefore, allows us to do a 

comparison considering every intermediate outranking is possible (Roy 1985). The pseudo-

criterion is associated with the criterion function g  and two threshold functions:  

p : Preference threshold, 

q : Indifference threshold. 

And, for not ignoring incomparability or misleadingly-obtained expression of relation, this 

method also introduces a veto threshold, v . Using these functions, 4 binary relations 

between each pair of actions can be found. 

P : Strong preference, 

Q : Weak preference, 

I : Indifference, 

R : Incomparability. 

ELECTRE III method rests on the following steps (Maystre, Pictet et al. 1994). 

 

2.1. Calculation of the global concordance index 

The concordance index c j , assert to what extent the action ai is at least as good as action 

ak for the criterion j . And then using this index, we obtain the global concordance index 

which assert to what extent a concordance exists with the hypothesis “action ai outrank action 

ak ” and defined as follows:  

Cik 

Pj  c j (ai ,ak )
j1

m



Pj
j1

m


 

where: 

 Cik : Concordance index, 

 
Pj : Weight of each criterion, 
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C j (ai ,ak )  0 p j  g j (ak ) g j (ai ) , 

0 Cj (ai ,ak ) 1 qj  gj (ak ) gj (ai )  pj , 

which means that : C j (ai ,ak ) 
g j (ai ) g j (ak ) p j

p j  q j
 

C j (ai ,ak )  1 g j (ak ) g j (ai )  q j  

2.2. Calculation of the disconcordance index 

The relationship of concordance defined above must be weakened by a notion of 

disconcordance expressed by the veto threshold. The veto threshold for criterion j , written 

as v j , is, by definition, the value of the difference g j (ak ) g j (ai )  from which it appears 

reasonable to refuse any credibility that outranks action ak  over ai , even if all other criteria 

are consistent with this outranking. 

We calculate the disconcordance index d j , with using this order qj  pj  vj : 

d j (ai ,ak )  1 v j  g j (ak ) g j (ai ) , 

0  d j (ai ,ak ) 1 pj  gj (ak ) gj (ai )  vj , 

which means that : C j (ai ,ak ) 
g j (ak ) p j  g j (ai )

vj  p j
 

d j (ai ,ak )  0 g j (ak ) g j (ai )  p j  

 

We can formulate these two indices simply like this: 

C j (ai ,ak )  Min 1,Max 0,
g j (ai ) g j (ak ) p j

p j  q j






















, 

d j (ai ,ak )  Min 1,Max 0,
g j (ak ) g j (ai ) p j

v j  p jj





















  

 

2.3. Calculation of the credibility index  

In ELECTRE III, there is always an outranking relation established between two potential 

actions, but this relationship is unclear as there are couples seem to be unarguable and very 

unconvincing. This “credibility” that varies from couple to couple and also influences the 

final ranking. So it is important to take this credibility into account, which called the 

credibility index and defined as follows: 

ik  Cik 
1 d j (ai ,ak )

1CikjF

  

where: 
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F  j j F,d j (ai,ak ) Cik  and F F  

F: fuzzy outranking, 

If not,  ik  Cik  

 

The next step is to make a hierarchy rank by using the credibility matrix. This rank can be 

obtained by using the superiority ratio which is the fraction of the elements’ sum of every line 

to the sum of the elements’ column. 

After having done these steps, we can obtain a final ranking order which could be a good 

compromise among the actions. But before concluding, it is necessary to check the 

“subjectivity” of deciders. The determination of the importance coefficient is a function of 

the decision makers’ preferences. For this reason, the application of a multi-criteria model 

should be followed by a sensitivity (robustness) analysis of the final outranking order by 

varying the preference, indifference and veto thresholds, as well as the weight of criterion 

(Papadopoulos and Karagiannidis 2008).  

 

3. Data collection and criteria selection 

The data we are using have been obtained and collected entirely from French cities: 

Clermont-Ferrand, Grenoble, Limoges, Lyon, Le Mans, Nancy, and Rouen. Table 2 shows 

these data information concerning transit systems and cities where these data come from. The 

figures we are going to use for our comparison research are the average values if the data 

come from several cities, if not, the ‘representative’ values will be taken such as the 

information about TVR and Civis.  

Transit systems Cities 

Tramway Grenoble, Le Mans, Lyon 

Tramway on tire (Translohr) Clermont-Ferrand 

TVR Nancy 

CIVIS Rouen 

Trolleybus Lyon, Limoges 

Bus Clermont-Ferrand, Grenoble, Lyon 

Table 2: Sources of Data 

 

For the criteria for our comparison, we have divided criteria into 3 parts in this research: 

performance/service, costs and environmental terms. This division can be generally accepted 

and used in France for practical reason without severe critical objection and relatively clearly 

represent different characteristics of surface guided transit systems. Before we start, it is 

indispensable to precise that the bus system in this research is not a BRT8 but an ordinary bus 

service with articulated bus providing that the local context: urban area. Furthermore, in 

France, we are more familiarized in the BHLS9 term than BRT and, nowadays, TVR, Civis 

and Trolleybus with separated R/W are considered as BHLS. If someone wants to upgrade a 

                                                             
8 BRT: Bus Rapid Transit. 
9 BHLS: Bus with the High Level of Service. The European term of BRT which emphasizes more the level of 

service and the quality of service than simply the speed. We can call it a tram-like bus. 
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conventional bus service to BRT or BHLS, it is required to use higher R/W10 category, for 

example, better than C. This upgrade absolutely improves bus service and could promote a 

conventional bus system to a more rail-like one having the same level of service as TVR and 

Civis in France. 

 

3.1. Performance and service Criteria: technical characteristics 

We have chosen some criteria concerning performance in regard to offered service that could 

be measured, as we do generally, by using the category of Right of Way, capacity, comfort 

and other physical constraint of each rolling stock. This is much linked to technical aspect of 

each transit so we can call it technical characteristics. The criteria concerning performance 

we have chosen are shown in Table 3: 

 

 Unit 

Tramway: 

Citadis 

302 

Tramway 

on tire: 

Translohr 

TVR CIVIS Trolleybus Bus 

Hourly 

capacity
11

 
passengers/hour/direction 3000 2550 2600 2100 2100 2100 

Min. radius M 25 11.80 12 12.50 12.50 12.50 

DKE
12

 M 5.85 5.46 6.1413 6.80 6.80 6.80 

Comfort 0-10 9 8 5 4 6 4 

R/W 

category 
0-10 10 10 7 7 5 4 

Table 3: Characteristics concerning performance and service 

 

For this outcome, we use 4 persons/m2 to make an harmony between rail-based and road-

based transits since these two fields generally use different methods for capacity calculation: 

4 p/m2 for rail and 6 p/m2 for road. Moreover, we have used hourly capacity as pessimistic 

regard as possible in order to give more comfort to passengers. This is contrary to the 

engineering point of view which emphasizes only more offered seats: “the more passengers 

we transport means the better transport systems we have.”  

The hourly capacity is, therefore, measured by using the headway at peak-hour: 4 minutes for 

rail-based transits such as tramway and Translohr and 3 minutes for other road-based systems 

to reflect a practical transport condition not a theoretical maximum one. In other word, we 

take into account more the comfort factor by using the ‘conventional’ or ‘practical’ capacity 

rather than maximum capacity in this research. 

 

                                                             
10 For the categories of R/W, we use the definition of Dr. Vulkan Vuchic but the points we attribute to each 

system contain special treatment of infrastructure such as barriers and the priority signal system.  
11 4 p/m2 
12 DKE: Dynamic Kinetic Envelop (Source: SYSTRA, EREA, Ingérop, LACUB (2005)) and this could be 

varied depending on the context. 
13 With the guidance system. 
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3.2. Cost Criteria 

This criterion is one of the most important factors when we are involved in choosing a transit 

system. The costs, generally used in order to achieve a transit project, directly reflect the 

efficiency of public budget allocation. If a same or equivalent result is obtained with less 

money expense, it is considered very efficient and good for our society. Despite the fact that 

cost factor is a well-known and easily-accepted criterion, there is a kind of culture that veils 

‘real’ cost of transit systems, especially the operating cost.  

Moreover, there exist so many other aspects we cannot measure as monetary value like 

environmental impact, amelioration of life style and image of city. We should pay attention to 

this disadvantage when selecting a transit system and must not take cost as an ‘absolute’ or 

‘supreme’ criterion, which gives a preference to any transit system. We should use cost issue 

with special care and attention.  

In this research, since it is not easy task to find operating costs and other non-monetary 

factors of each system, we have just used already treated data given by operators or the 

Transportation Authorities in France. A more detailed research using a cost structure of 

transit systems will be achieved in near future as the final result of our transit system 

comparison study. 

Year of 2007 Unit 
Tramway: 

Citadis 302 

Tramway on 

tire: 

Translohr 

TVR CIVIS Trolleybus Bus 

Capital costs M€/km1415 23.8 21.9 17.1 7.2 8.7 6.0 

Operating costs €/km 7.15 6.9 6.2 5.7 5.7 5.53 

Table 4: Costs of 6 transit systems 

 

We have taken into account costs for the 6 systems including just the necessary 

infrastructures in order to operate the system on separate R/W without special and heavy civil 

engineering like bridges, tunnels, and etc. The capital cost we use includes the cost of rolling 

stocks.  

 

3.3. Criteria concerning environmental aspects 

Environment aspects are not a criterion only concerning to the Nature but also to the 

atmosphere of human beings that influences our daily social life. In this research, we consider 

the environmental criteria as context that can be significant to give a different transit 

perception to transit users such as accessibility and urban changes due to an implementation 

of new transit system. In terms of pollution, we just used a simple scale from 0 to 10 just for 

practical reason but a more refined approach will be done in the near future by using a French 

method proposed by ADEME16. 

 

                                                             
14 Million euros per kilometer. 
15 Rolling stock included. 
16 ADEME : Agence de l'Environnement et de la Maitrise de l’Energie, www.ademe.fr 
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 Unit 
Tramway: 

Citadis 302 

Tramway on 

tire: Translohr 
TVR CIVIS 

Trolley

bus 
Bus 

Impact on 

urban change 
0-10 9 9 6 5 4 2 

Local pollution 0-10 9 9 8 6 9 6 

Table 5: Criteria concerning environmental aspects 

 

Table 5 presents the environmental criteria considered in our research. Although the 

determination of these criteria is little bit subjective, the rail based transportation systems 

could have more solid impact on urban change in terms of economic growth (Hass-Klau, 

Crampton et al. 2004). Therefore, our thought process could make sense. 

 

4. Results 

Now we start to make a comparison of different transit systems we selected and mentioned 

before by using ELECTRE III method (software ELECTRE III of LAMSADE17). The criteria 

we have finally chosen and their ‘performance records’ are shown in Table 6. One thing to 

keep in mind is that we have tried to use as minimum criteria as possible because this study 

concerning, firstly, reviewing every surface guided transit system under operation in France 

and secondly selecting an appropriate system which means that the selected system should be 

invariable whether we add another criteria or not, provided that our criteria selection method 

is pertinent. So, in this research as just a first step for transit system comparison, we have 

used only 9 criteria judged pertinent by authors and will gradually ameliorate our criteria 

selection and method as well for the future study. Table 6 also summarizes every criterion we 

have selected and other criteria necessary to apply ELECTRE III method: weight and 3 

different thresholds. 

 

Hourly 

Capacity 

(p/h/d) 

DKE 

(m) 

Radius 

(m) 

Comfort 

(0-10) 
R/W 

Capital 

costs 

Operating 

costs 

Urban 

impact 

(0-10) 

Local 

pollution 

(0-10) 

Tramway 3000 5.85 25.00 9 10 23.80 7.15 9 9 

Translohr 2550 5.46 11.80 8 10 21.90 6.90 9 9 

TVR 2600 6.14 12.00 5 7 17.10 6.20 6 8 

CIVIS 2100 6.80 12.50 4 7 7.20 5.70 5 6 

Trolleybus 2100 6.80 12.50 6 5 8.70 5.70 4 9 

Bus 2100 6.80 12.50 4 4 6.00 5.53 2 6 

Weight 20 5 5 5 15 20 20 5 5 

Indifference 

threshold 
5% 0.50 5.00 1 1 20% 10% 2 5 

Preference 

threshold 
30% 1.00 10.00 3 4 40% 20% 4 3 

Veto 

threshold 
50%     90% 50%   

Table 6: Performance matrix as reference 

                                                             
17 Laboratoire d'Analyse et Modélisation de Systèmes pour l'Aide à la Décision, www.lamsade.dauphine.fr 
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 Tramway Translohr TVR CIVIS Trolleybus Bus 

Tramway 1.00 0.95 0.80 0.50 0.55 0.37 

Translohr 0.90 1.00 0.98 0.65 0.65 0.53 

TVR 0.74 0.81 1.00 0.80 0.80 0.78 

CIVIS 0.36 0.57 0.81 1.00 0.93 1.00 

Trolleybus 0.36 0.59 0.78 0.95 1.00 0.89 

Bus 0.30 0.52 0.66 0.88 0.93 1.00 

Table 7: Credibility matrix 

 

 Tramway Translohr TVR CIVIS Trolleybus Bus 

Superiority ratio 1.13934426 0.93918919 0.82902584 0.87238494 0.85802469 0.91247265 

Ranking 1 2 6 4 5 3 

Table 8: Superiority ratio 

 

The credibility matrix and the superiority ration by applying the performance matrix are 

shown above. The final ranking of 6 transit systems after applying the ELECTRE III method 

is shown in Table 9 before sensitivity analysis. Tramway and Translohr seem to be the most 

pertinent systems at first look under our research context.  

This result means that the rail-based surface transit systems, Tramway and Translohr, could 

be more favorable to road-based one in certain context such as in France. The bus’s ranking 

is third, better than other BHLS systems, could be expressed that if the performance 

conditions are same, the less costly system is favorable to other surface systems except a 

significant urban impact and highly developed R/W condition.  

If we took into more account the guidance system to distinguish Civis/TVR and bus system, 

the results could be different. But nowadays a conventional bus if we consider just rolling 

stock, this system is as highly developed as other transit system that our result makes sense. 

A conventional bus system seems to be relatively a good option amongst road-based surface 

transit systems.  

Ranking Transit systems 

1 Tramway 

2 Translohr 

3 Bus 

4 CIVIS 

5 Trolleybus 

6 TVR 

Table 9: Final ranking of 6 transit systems 

 



CODATU 2010, Argentina  Jeong-hwa AN 

11/14 

4.1. Sensitivity analysis 

We now achieve a sensitivity analysis to check our final result with the rank above. This is 

required to confirm our result in detail whether it is invariable or not by changing variables. It 

is noted that, in this test, we are much interested in the weight change that could be relatively 

sensible and subjective at any project decision process than other threshold criteria. In 

addition, these thresholds we have chosen represented well the different features of decision 

makers’ subjectivity and did not seem to be variable when we change them. Consequently, 

we will just look into the weight change. 

 

4.1.1. Changing the weight: costs and environmental aspects 

We put more importance on urban impact and local pollution and less important on cost 

factors. The result below indicates that the first and second best option are not changed 

because these systems use a less pollutant energy source and have more impact on urban 

change, while, for the road-based surface transit systems, bus and Civis’s ranks significantly 

go down and TVR goes up. This result is reasonable because we didn’t put many accents on 

TVR’s infrastructure cost which is higher than bus and Civis. Since the bus system doesn’t 

have enough positive impact on environment, his rank also went down. However, Trolleybus’ 

rank is so ameliorated that the environmental aspects seem to compensate cost factors. 

Despite rank changes of the road-based transits, their superiority ratios are not great different. 

So we could consider them as same options. Accordingly, finding a good compromise 

between the cost and the environmental factors is most difficult task to decide the appropriate 

solution amongst the road-based transit systems.  

 

Hourly 

Capacity 

(p/h/d) 

DKE 

(m) 

Radius 

(m) 

Comfort 

(#/10) 
R/W 

Capital 

costs 

Operating 

costs 

Urban 

impact 

(#/10) 

Local 

pollution 

(#/10) 

Reference 

Weight 
20 5 5 5 15 20 20 5 5 

Weight 

change 
20 5 5 5 15 15 15 10 10 

Table 10: Weight change 

 Tramway Translohr TVR CIVIS Trolleybus Bus 

Superiority ratio 1.38392857 1.11778846 0.9375 0.92261905 0.93 0.92629482 

Ranking 1 2 3 6 4 5 

Table 11: Superiority ratio 

Ranking Transit systems 

1 Tramway 

2 Translohr 

3 TVR 

4 Trolleybus 

5 Bus 

6 Civis 

Table 12: Ranking of 6 transit systems 



CODATU 2010, Argentina  Jeong-hwa AN 

12/14 

4.1.2. Changing the weight : capacity, insertion, comfort and R/W 

The weight of hourly capacity, comfort, insertion and R/W don’t change our final ranking for 

rail-based surface transit systems even if we emphasize less the insertion criteria. Tramway 

and Translohr are generally situated on the upper level than road-based transit system and 

Tramway always remains the best option. This means that the rail-based transit systems keep 

their priority thanks to their higher hourly capacity and comfort. Generally, the capacity 

factor is not greater than 20-30% of the importance so that our decision of the capacity 

weight 20 remains convincing.  

There is another thing to be noted that, in terms of insertion factors, if we change them, the 

rank of TVR becomes bad and even the worst while bus system seems to gain his superiority 

over other road-based systems. It is obvious result because we emphasize less the insertion 

conditions which influence largely on physically guided surface transit systems having less 

DKE. As same logic, if Civis doesn’t make significant efforts on insertion factors or R/W 

more than Bus or Trolleybus, the latter can be better solutions than Civis, which is absolutely 

logic provided that they have same hourly capacity and same insertion condition. 

 

Hourly 

Capacity 

(p/h/d) 

DKE 

(m) 

Radius 

(m) 

Comfort 

(#/10) 
R/W 

Capital 

costs 

Operating 

costs 

Urban 

impact 

(#/10) 

Local 

pollution 

(#/10) 

Reference 

Weight 
20 5 5 5 15 20 20 5 5 

Weight 

change 
25 2.5 2.5 7.5 12.5 20 20 5 5 

Table 13: Weight change 

 

 Tramway Translohr TVR CIVIS Trolleybus Bus 

Superiority 

ratio 
1,24 0,9752809 0,868 0,89484536 0,89669421 0,94143167 

Ranking 1 2 6 5 4 3 

Table 14: Superiority ratio 

 

Ranking Transit systems 

1 Tramway 

2 Translohr 

3 Bus 

4 Trolleybus 

5 CIVIS 

6 TVR 

Table 15: Ranking of 6 transit systems 
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4.2. Discussion on results after sensitivity analysis 

Tramway and Translohr have become more appropriate transit mode with any regard. If we 

emphasize environmental factors more, TVR seems to become more competitive mode 

amongst road-based ones due to his electrical energy resources but neither than tramway nor 

Translohr. Tramway always keeps his best position and Translohr is situated on the upper 

level than road-based transit systems.  

Bus could be the best second solution after rail-based transit systems under the condition that 

we put accents less on environmental criteria or intangible criteria such as urban impact and 

local pollution and more on cost factors. So finding a good compromise between the cost 

factors and the environmental factors is most difficult task to choose the appropriate solution 

amongst the road-based transit systems.  

The weights of capacity, insertion criteria and R/W much more influence on the guided 

transit system especially on TVR. With the less weight on insertion criteria, we obtained bad 

rank for TVR and good rank for Bus. The trolleybus  

 

Figure 1: Ranking of transits systems 

 

Ranking Transit systems  Transit systems  Transit systems 

1 Tramway  Tramway  Tramway 

2 Translohr  Translohr  Translohr 

3 Bus  TVR  Bus 

4 CIVIS  Bus  Trolleybus 

5 Trolleybus  Trolleybus  CIVIS 

6 TVR  CIVIS  TVR 

Table 16: Ranking changes 

 

So, the final rank of 6 surface transit systems is Tramway -> Translohr -> the road-based 

transits. If we count the sum of ranking in 3 cases above, we can say that the rank of the road-

based surface transits is Bus -> Trolleybus -> Civis/TVR. 
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5. Conclusion 

With the respect to the result obtained before, we can conclude that when there is an urban 

transit project to offer a capacity between 2000 and 3000 passenger per hour per direction, 

Tramway and Translohr would be the best solution to study first, Bus is the second and then 

Trolleybus, Civis, finally TVR. In any case, it is reasonable to consider firstly Tramway and 

Translohr as an appropriate transit system and it is not logical to assume TVR as a suitable 

transit system. We could also find that the Bus or Trolleybus which are not a kind of BHLS 

could be a better solution at some context because it improves considerably cost factors and 

pollution factor respectively.  

This study is just a first step of Ph.D. dissertation and an ongoing project so, perhaps, more 

detailed results by applying another criteria will be obtained in near future and presented 

during the conference.  
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