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Introduction

As cities aim to become smarter, safer, and more
sustainable, public transportation systems are
emerging as key enablers of this
transformation.

However, choosing the most suitable public
transport mode is a complex task. Each city faces
unique challenges, e.g., demographic and spatial
characteristics, socio-economic and cultural
factors. Therefore, any transport investment must
consider both technical feasibility, local needs, anc
long-term sustainability. A challenge in transpori
planning is how to evaluate and prioritize
alternative systems.

Should a city invest in metro, bus rapid transit
trams, buses, etc? Which solution offers the
best balance among cost, efficiency,
environmental impact, and user satisfaction?
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Researchers are increasingly turning to MCDM
methods, as they are promising in the urban transport

sector (e.g., selecting project alternatives, evaluating T,anspo,tat,on“
service quality, and identifying user-preferred transport 18 or younger?

systems), where decision-making involves multiple

stakeholders, conflicting objectives, and We.wa nt.

uncertainty.

Various MCDMs have been developed: To ® H ea rQ
 Value-based methods (e.g., SAW, AHP, MAUT)

based on additive models; F ro m 'Yo U @
+ Outranking methods (e.g., ELECTRE, Abo Ut.

PROMETHEE) compare alternatives pairwise

@
for each criterion to determine preferences; Tra n s I t.

« Goal-based methods (e.g., TOPSIS, VIKOR)
assess how close each alternative is to an
ideal solution.
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Key limitations in current research & o Jiiee GEE
e

1 | Comparative analysis of MCDM methods across different city types or contexts is lacking,

making it difficult to identify recurring patterns or best practices (Manzolli et al., 2021; Shabani et
al., 2022; Ullah et al., 2018).

2 | The best-performing alternative is not always the most feasible for implementation as

contextual factors, such as funding, social acceptance, and long-term maintenance, are often
under-considered (Barbosa et al., 2017; Lee, 2018; Nassereddine & Eskandari, 2017)

3 | Assessments tend to rely solely on expert opinions, with limited stakeholder engagement, a

key point for legitimacy, acceptance, and successful implementation, as highlighted in the EU’s
SUMP principles (Duleba & Moslem, 2021; Imam, 2014; Shabani et al., 2022)
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MCDM METHODS PROCESS TYPES
Five Multi-Criteria The ranking process The proposed approach
Decision-Making uses a combination of is implemented in 2 case
methods are applied to the criteria weighted by studies: a megacity (Ho
select the most suitable users through a survey Chi Minh City) and a
public transportation. and criteria weighted by mid-sized city (Brescia).

experts from the
literature.
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Weighting criteria & citizen participation

— Public survey
— Weight criteria (AHP)

1

Set of alternatives and criteria J .

Ranking alternatives

— SAW

— PROMETHEE I
— TOPSIS

— VIKOR

This study applied an integrated methodology to support
the selection of the most appropriate public transport
system across different urban contexts. The framework
consists of three main phases.




Methodology | Phase 1

Defining Alternatives and Criteria

From an extensive literature review are derived:

Alternatives, range across different performance levels, and
reflect various degrees of investment, sustainability, and
technological advancement.

Criteria, defined to assess these options meaningfully as they
represent alternative characteristics. Criteria may be split into
sub-criteria to make the decision process more structured and
manageable.

Table 3. Example of the survey.

Criteria 1 Rating scale Criteria 2
Investment costs 5 4 2 1 2 3 4 5 Number of stops
Number of stops 5 4 2 1 2 3 4 5 Demand
Operating costs 5 4 2 1 2 3 4 5 Road safety
Table 4. The adjusted semantic scale rating scale.
Intensity Judgment Explanation

1 Same importance Two criteria contribute equally to the objective

2 Low importance Intermediate situation between 1 and 3

3 Medium Importance Experience and judgements slightly favour one criterion over the other

4 More than moderate Intermediate situation between 3 and 5

5 Strong importance One criterion is strongly favoured over the other
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Weighting criteria and citizen participation

Citizens are involved through surveys via Google forms and the
AHP-OS platform.

STEP 1-Public survey C, G, S Gy
C, 1 W, /W, .. W, /W; .. W, /W,
| C, W, /W, 1 W, /W, W, W,
STEP 2 - AHP
G Wi/W, wi/w, wilw; Wi/W,,
Built pairwise comparison matrix
' C, Wolw,  wy/w, Wi /W; 1
Normalize matrix
'
_ Step 1. Involves citizens who can provide valuable insights
YN Sy » _ based on their daily operational judgment from their respective
' : W; = /Hj e W Vi€l (1) perspectives. It consists of a web survey to involve them.
Compute Group Dedision Making Wi Step 2. Data from citizens is processed, and criteria weighting is
[Zjel(aij*wj)] calculated using the AHP method (Saaty, 1980; 1987; 1994;
2iel Wi 1l Hens & De Wit, 2003; Wang & Lee, 2009; Carra et al., 2022;
CR = Ry-l(lll—l) (2) Borghetti et al., 2024)
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Ranking alternatives STEP 1 - Built decision matrix
STEP 2 - Built utility matrix
[ - T | S ' R T -
SAW { PROMETHEEII TOPSIS VIKOR
Step 2., Normalize values | ‘ STEP 2, , Normalize values M Normalize values -
|
| =1
STEP 3 - Compute global score
|| Y
STEP 3,,,, Compute preference function STEP 3,,,, Weight scores
' Y
STEP 3, Combine preference function STEP3,,, Compute Ideal solution | STEP3,, , Compute best/worst values
v . ? v
STEP 3, , Compute outranking flows STEP 3m Compute relative closeness - STEP3,,  Compute the Utility and Regret
Y Y ‘ Y
I Step 3., Compute global score ’ STEP 3, , Compute global score STEP 3, Compute global score STEP 3, , Compute global score
& < | & = I £ 4 =
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Normalization Parameter Global score
SAW = Xij
19) -
Max(xl-j,...,xi]) n
vij = Wity v(4) = Z PR
_ Min(xl-j, ...,xl-])
TOPSIS o= YU
ij = -
d;
7:1 xizj CG ds -ll- df
L L
Vij = WjTij
VIKOR x¥ = maxux;; < xF—x S; — mln(S)
Cy SL=ZW]-[;*_X‘1] Q=v—o :

if x;j is the benefit criteria e

J
X; = minx;;
. . . . ] i J
if x;j is the cost criteria -

j = Mmax X,

= min Xij
i

max(Sl) - min(Sl-)

RL' - mll’l(Rl)

+1-v) max(R;) — min(R;)

PROMETHEE I

0 ,ifxij <xkj
.(A.’A ): ]
p] vk P(xl-j—xkj),lfxl-j >xkj

(4, Ar) = ij [p; (A, A)]
=1

B(A;) =% (A) — 0~ (A)



Case studies

TN

£ % Universita
& j diBrescia @ ArtMED

Co-funded by
the European Union

iteireg
Euro-MED

. ORDINE

A N il oroine ARCHITETTI
(\k 2 L ALOT DEGLI INGEGNERI r PIANIFICATORI
==/ ) == DELLA PROVINCIA PAESAGGISTI
CeSCAM DI BRESCIA Y SoNaanvATORI

Popolation density (Ho Chi Minh) [p/ha]
[ Jo-2t
[ Ja-92
[ 92-200
B 200- 367
[l 357 -537

Popolation density (Brescia) [p/ha] Legend
[]39-112
B 112-223
I 223-353

[ JEEEEES +  Busstop
B 551252 Ferry ter
7 1 = " < : 5 2 P x

Rail line

oA T

@ Railway_station

= Highway and bypass

Main road

—— Road

minal

3

¥F




% Universita Interre Co-funded by
-/ diBrescia @ ArtMED Euro-MED g the European Union

Results | Phase 1 & faor I e QNG

- - = - - Categories Criterion # Sub—criterion
Defining Alternatives and Criteria
Individual Vehicle 1.1 Comfortability
1.2 Passenger capacity
Safety 2.1 Onboard
. . . . . 2.2 Atstops
Criteria were grouped into two main categories: _ _ 23 Of vehicle
« Individual criteria, which reflect the needs and preferences of public Travel time g; G;:C_e_ssme
. ating time
transport users o 33 In-vehicle time
« Provider-public criteria, which relate to broader considerations relevant Availability :; ,‘r’iifa:mghwfs
. . . . . 1CKeE
to service providers and the public interest. Reliability 5.1 Regularity
5.2 Tracking availability
Directness 6.1 Transfer
6.2 Integration
. o ; : 6.3 Distance
Alternatives were classified by performance level following Vuchic (2007) Providerpublic  Tvestment cost S

framework: City development 7.2 -
« low (Regular Buses, trams)

« medium (Bus Rapid Transit, Ligh Rail Transit)
« high (metro, Automatic Light Rail Transit).

HO CHI MINH

Technical data were drawn from official sources/reports, while qualitative RB, BRT, LRT, and Metro

performance was evaluated using a linguistic scale based on prior
research. Finally, assumptions were standardized to ensure comparability;
e.g., access times were longer for high-performance modes, assuming BRESCIA

greater walking distances in exchange for faster services. RB, BRT, ALRT, and Tram
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Welghtmg criteria and citizen part|C|pat|on The most relevant criteria included Travel time and Directness,

suggesting that users favor transport options that offer save time and
connected experiences. City development emerged as the highest priority
for the Provider-public criteria, followed by Investment cost.

Categories Criterion # Sub-criterion Overall normalized weight
Ho-Chi-Min Brescia
Individual Vehicle 1.1 Comfortability 0.027 0.032
1.2 Passenger capacity 0.014 0.017
® Ho Chi Minh = Brescia Safety 2.1 On board 0.034 0.040
2.2 Atstops 0.022 0.026
2.3 Of vehicle 0.021 0.025
Travel time 3.1 Access time 0.033 0.039
) . 3.2 Waiting time 0.019 0.022
e il e Ho Chi Min - 3.3 In-vehicle time 0.028 0.033
Himencione Availability 4.1 Operating hours 0.040 0.047
4.2 Ticket 0.018 0.021
Reliability 5.1 Regularity 0.040 0.047
5.2 Tracking availability 0.024 0.029
Directness 6.1 Transfer 0.031 0.037
6.2 Integration 0.030 0.036
6.3 Distance 0.016 0.019

Brescia e and user- Provider-public Investment cost 71 - 0.128 0.138
centered criteria City development 7.2 - 0.476 0.392
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Ranking alternatives

The final step applied four
MCDM methods to rank the
public transport alternatives for
each case study.

Each method involved the
construction of a decision
matrix, where the performance
of each transport mode was
assessed against each sub-
criterion. Qualitative values were
translated into numerical scores
using established linguistic
scales to enable normalization
and comparison.
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# Unit +/- RB LRT Metro ALRT Tram
* w* % * % *® *® * % %

1.1 - - A A G G E O E G
1.2 space/h/line + 3000 3000 6000 6000 10000 50000 17000 10000
2.1 - + A A VG VG VG O O VG
22 - - A A VG VG VG O O G
23 - + A A G G VG O O VG
3.1 Mins - 5 5 10 10 10 10 10 10
3.2 Mins - 20 15 10 12 10 5 6 9
3.3 Mins - 42 25 29 15 18 10 10 16
4.1 Hours + 16 16 17 18 19 19 18 18
42 S - 0.5 1.4 1 1.4 2 2 1.4 1.4
51 - - G A VG VG VG O E VG
52 - - A G VG E VG O O E
6.1 - - 2 2 1 1 1 1 1 1
6.2 Times + O O G G A O G G
6.3 Km - 0.2 0.2 0.3 0.4 0.5 1.2 0.5 0.5
7.1  Mil-$/km - 1 1 11.5 10 45 100 78 31
72 - - A A G VG VG O E E

* Ho Chi Min case and ** Brescia case; + (Benefit) and - (Cost); A (Average), G (Good), VG (Very good),
E (Excellent), O (Outstanding).
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Ranking alternatives

Ho Chi Min Method Case # Bus BRT LRT Metro
1000 SAW Ho-Chi-Min G 0371 0385 0480  0.831
0 Rank 4 3 2 1
o 0750 Brescia G 0425 0581  0.795  0.713
1S
8 0,500 Rank 4 3 1 2
7 S TOPSIS Ho-Chi-Min Gio 0247 0339  0.503  0.756
= Rank 4 3 2 1
s 0,000 Brescia Gios 0368  0.690  0.632  0.785
® -0.250 I Rank 4 2 3 |
0,500 VIKOR Ho-Chi-Min G 1.000 0359  0.393  0.000
, SAW TOPSIS VIKOR PROMETHEE |I . Rank 4 2 3 1
Brescia G 1.000 0251  0.124  0.039
mBus EBRT mLRT ®Metro Rank 4 3 2 1
Bresci PROMETHEE II Ho-Chi-Min G -0.343  -0.104  -0.008  0.455
escia Rank 4 3 2 1
1,000 Brescia G -0.487  0.046 0223  0.219
8 0,750 Rank 4 3 1 2
1S
§ 0,500
= 0,250 B Results were largely consistent across the different methods. In Ho Chi
2 0,000 Minh City, Metro emerged as the top-ranked solution in all four approaches.
® -0,250 I The gap between Metro and other alternatives was significant, reaffirming its
-0,500 suitability in a high-density urban environment. In Brescia, ALRT and Tram
SAW TOPSIS VIKOR — PROMETHEE | alternated in the top positions depending on the method used.

mBus mBRT mALRT =Tram
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This study proposes an integrated MCDM framework that combines citizen input to support
transport planning in both large and medium-sized cities, and demonstrates how contextual
differences shape mobility needs and influence decision outcomes.

Main implications

= it emphasises the value of including citizen perspectives in decision-making, often
underrepresented in traditional MCDM applications.

= it shows how method selection is crucial, mainly when alternatives perform similarly

= it adds valuable regional insight since is the first study of this type on Vietnam

= it provides a replicable method for other cities, particularly in developing countries

Future Research:

= improve data accuracy, expand public participation through more intuitive tools
= Expand the citizens sample to a more representative ones (e.g., Monte Carlo simulation)
= Use expert-only surveys for technical criteria to ensure consistency
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