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VRIJE UNIVERSITEIT BRUSSEL
MOBILISE RESEARCH GROUP

• To accelerate the transition to a more sustainable and socially just mobility and 
logistics system:
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REAL LIFE PROBLEM
BD DE LA PLAINE
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REAL LIFE PROBLEM

• A street along the university campus:

• Connected to a high-capacity boulevard; 
• Diverse types of vehicles;
• Heavily utilized by pedestrians and cyclists.

BD DE LA PLAINE
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DECISION-MAKING
STAKEHOLDERS

Stakeholder group

𝑔𝑔1 Local authority

𝑔𝑔2 Drivers

𝑔𝑔3 Cyclists

𝑔𝑔4 Pedestrians
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STAKEHOLDER INVOLVEMENT
MULTI-ACTOR MULTI-CRITERIA ANALYSIS

(Macharis, 2004)

Define alternatives

Define criteria and weights

Criteria, indicators and 
measurement methods

Overall analysis and ranking 

Stakeholder analysis

1

3

4
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2

6 Result

7 Implementation 

MAMCABM
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STAKEHOLDER INVOLVEMENT
MULTI-ACTOR MULTI-CRITERIA ANALYSIS

MAMCABM



19-6-2023 | 8

CHALLENGES IN MAMCA
MULTI-ACTOR MULTI-CRITERIA ANALYSIS

MAMCABM

Target: micro-level transportation and mobility planning.
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DATA SUPPORT
CHALLENGES IN MAMCA
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MAMCABM
SCENARIOS
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MAMCABM
SCENARIOS
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MAMCABM
SCENARIOS
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AGENT-BASED MODELLING
DATA SUPPORT
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MAMCABM
AGENTS
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UNCERTAINTY
CONSIDERING UNCERTAINTY

?

• Stochasticity:

• Pedestrian speed = 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 0.5, 1 m/s;

• Drivers’ decision to turn in the junction;

• Arrival patterns.

• Imprecision in MAMCA:

• Exhibiting imprecision as the subjective nature 

of human judgment.

Such stochastic values are defined in 

agents’ behaviour logic and the 

environment in the ABM.
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RANK BASED WEIGHT ELICITATION METHOD
CONSIDERING UNCERTAINTY

• Revised Simos method:

• The stakeholders set z value expresses how 

the most important criterion relates to the 

least important criterion.

(Aşılıoğlu, 2021)
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MAMCABM

• Data-driven robust stakeholder-based group-decision 
making:

• Agent-based model;
• MAMCA frameworks;
• Robustness analysis.

DSS
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MAMCABM
CRITERIA SELECTION
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MAMCABM
PARAMETER SETTING AND OUTPUT
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MAMCABM
CRITERIA TABLE
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MAMCABM

𝑃𝑃 𝑎𝑎𝑚𝑚 = �
𝑛𝑛=1

𝑁𝑁

𝑤𝑤𝑛𝑛 × 𝑝𝑝𝑚𝑚,𝑛𝑛.

WEIGHT ELICITATION AND APPRAISAL

• Weight elicitation: Revised Simos method

• Alternative appraisal: Preference ranking organization 
method for enrichment evaluation (PROMETHEE) 
(Brans & De Smet, 2016)

Preferences aggregation (for one stakeholder group):
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MAMCABM
WEIGHT ELICITATION AND APPRAISAL

Bikers Weight SC1 SC2 SC3 SC4

Emission of GHGs 0,26 0,1767 0,41 -0,4653 -0,1214

Emission of NOx, CO, VOC, 
PM 0,2 -0,3292 0,4336 -0,052 -0,052

Biodivesity 0,14 0,2 -0,0667 -0,0667 -0,0667

Traffic Noise 0,08 0 0 0 0

Ambient Safety of Cyclists 0,32 -0,9657 0,355 0,4817 0,129

Overall 1 -0,30092 0,297582 0,013428 -0,01002

Table. Criteria weight elicitation and alternative appraisal result
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MAMCABM
MAMCA VIEW

Local authority Drivers Bikers Pedstrians
SC1 0,09 0,27 -0,30 -0,20
SC2 0,01 -0,08 0,30 0,18
SC3 0,05 -0,01 0,01 -0,05
SC4 -0,15 -0,18 -0,01 0,07
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CONSENSUS REACHING
MULTI-ACTOR MULTI-CRITERIA ANALYSIS

MAMCABM
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HOW TO ADDRESS CONFLICTS OF POINTS OF VIEW
CONSENSUS REACHING MODEL

Find a consensus based on the use of a 
weight sensitivity analysis model (Huang et 
al., 2021).

Consensus reaching process (CRP) 
featuring minimum modifications (Zhang 
et al., 2019).
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MAMCABM
MAMCA VIEW

Local authority Drivers Bikers Pedstrians
SC1 0,09 0,27 -0,30 -0,20
SC2 0,01 -0,08 0,30 0,18
SC3 0,05 -0,01 0,01 -0,05
SC4 -0,15 -0,18 -0,01 0,07
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MAMCABM
OPTIMIZATION

𝑚𝑚𝑚𝑚𝑚𝑚 𝑧𝑧𝑘𝑘𝑚𝑚 = �
𝑛𝑛𝑘𝑘=1

𝑁𝑁𝑘𝑘

𝜔𝜔𝑘𝑘,𝑛𝑛𝑘𝑘 − 𝜔𝜔𝑘𝑘,𝑛𝑛𝑘𝑘
′ .

(Huang et al., 2021).

Bikers Emission of 
GHGs

Emission of 
NOx, CO, VOC, 

PM

Driving 
behavior

Driving 
experience

Fuel 
consumption

Before 
optimization 0,26 0,2 0,14 0,08 0,32

After 
optimization 0,26 0,112 0,548 0,08 0

Local authority Drivers Bikers Pedstrians
SC1 0,09 0,27 -0,30 -0,20
SC2 0,01 -0,08 0,30 0,18
SC3 0,05 -0,01 0,01 -0,05
SC4 -0,15 -0,18 -0,01 0,07
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Local authority Drivers Bikers Pedstrians
SC1 0,09 0,27 0,12 -0,20
SC2 0,01 -0,08 0,12 0,18
SC3 0,05 -0,01 -0,16 -0,05
SC4 -0,15 -0,18 -0,07 0,07
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MAMCABM
CONSENSUS REACHING

0

1

2

3

4

5

6

7

8

9

10

0 0,5 1 1,5 2 2,5 3 3,5 4

Ra
nk

in
g 

di
st

an
ce

Weight distance

SC1

SC2

SC3

SC4
The sum of their current 
rankings compared to 
the first position

When rank distance is 
0, the alternative is 
ranked as 1st for all 
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MAMCABM
CONSENSUS REACHING

Drivers Emission of 
GHGs

Emission of 
NOx, CO, VOC, 

PM

Driving 
behavior

Driving 
experience

Fuel 
consumption

Before 
optimization 0,133 0,068 0,333 0,267 0,200

After 
optimization 0,133 0,068 0,152 0,267 0,380

Local authority Drivers Bikers Pedstrians
SC1 0,04 0,06 -0,30 -0,20
SC2 0,04 0,06 0,30 0,18
SC3 0,04 0,04 0,01 -0,05
SC4 -0,12 -0,17 -0,01 0,07
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MAMCABM
CONSENSUS REACHING
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Compromise solution: SC2
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MAMCABM
CONCLUSION

• A data-driven stakeholder-based decision-support system :

• Leverages data generated by simulations to inform decision-making;

• Considers uncertainties that arise from both the complexity of Agent-Based 

Modelling (ABM) and the inherent variability of human judgments;

• Suggests consensual solutions that align with the priorities of stakeholders;

• Future research:

• Digital twins;

• Consider other indicators.
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