
Agent-based Simulation
with Mobility Personas

An LLM-based Persona Labelling Approach
for MATSim Synthetic Populations

Jingjun Li
Shiqi Sun, Francesco Ciari, Chengqi Lu, Guy Walker,
John Easton, David Flynn, Philip Greening

MATSim User Meeting 2026 28 Sep 2026



UK National Research Hub 
TransiT

• Duration: 2024 – 2029;
• 22 PDRAs and 16 PhDs
• 8 leading universities in the UK;
• 67 partners from research institutions, 

public and private sectors;
• Led by Heriot-Watt University and the 

University of Glasgow

Digital twin federations for UK 
transport decarbonation and 

integration of transport solutions



Running Agent-based 
Simulation

Agents compete and interact during MATSim run

Each agent
has a profile

Each agent
performs 
activities

Each agent 
responds
to the network

Disaggregated individual decisions Aggregated system performance

Factors considered

Time, distance, fare…



Different preferences, similar 
choices(?)

Agent A

Young urban families
with children

Agent B

People with mobility
impairment tend to 
use
cars as their primary
mode of transport

Same observable travel context

Car available       PT journey: 40 min / £2       Car journey: 20 min / £15

Would they make the same choices?



Could segmentation 
help?

LITERATURE TELLS US

Attitudes and constraints shape travel choices

Segmentation provides a practical way to represent travel behavioural heterogeneity without 
understanding every individual independently

A standard segmentation process

Surveys on a topic
Behaviours, attitudes and circumstances

Clustering

Segments
Aggregated representations of heterogeneous behaviours



UK Mobility 
Persona



Assigning Persona to Synthetic 
Populations

MATSim synthetic agents DfT persona

Agent attributes

Age, gender, household status and other 
socio-demographical information

Typically missing
Attitudes and perceptions

Nine travel behaviours segments

General transport habits, enablers and 
barriers to different transport modes & 
opportunities for change

LLM
?

Pre-trained Knowledge

Research question

Can we use LLMs to label mobility personas across different synthetic populations so 
that they can be used as an aggregated behavioural layer in MATSim? 



Methodolog
y
Original DfT survey data
5000 respondents × 400+ attributes

01 Original DfT persona allocation

Clustering & discriminant analysis

Each individual has an assigned persona

02 Persona labelling using different LLMs

20 synthetic population attributes
Descriptions of the mobility habits of 9 segments

Independent LLMs

03 A probability distribution across 9 segments
and a confidence level



LLM for Persona – decision 
fusion



LLM for Persona – decision 
fusion



LLM Prompt 
improvement 

Add prior knowledge
Distinguish inherently similar segments for more accurate classification



LLM Prompt 
improvement 

Add prior knowledge 
Distinguish inherently similar segments for more 
accurate classification 

Boundary rules:

• Health-related mobility constraints outweigh demographic characteristics 
travel primarily driven by leisure

• When mobility limitations clearly influence travel behaviour, favour 
Segment 1 over other car-user segments unrestricted multimodal travel

• The existence of a health condition alone is insufficient; travel behaviour 
must be affected



Outcom
e

Before After

2022 accuracy Segments 1–6: 78.9% Segments 7–9: 91.7%



Synthetic population attributes 
input

Current survey input set: 23 attributes

6 General demographic Age, education, household cars, perceived 
income

5 Health and mobility limits Difficulty walking, cycling, using buses or entering 
a car

3 Travel and purchasing habits Annual driving mileage, recent flights, home 
delivery

9 Preferences and perceptions Mode safety, car priorities, willingness to cycle



Future 
research
Mobility personas

Introducing interventions
Possible replanning choices

Car-reliant
traveller

Low-income 
traveller
without a car

Urban professional
without a car

LLM replanning in MATSim

Keep
driving?

Use the
improved 
bus?

Combine
walking + 
bus?



Thank 
You!

Contact: jingjun.li@hw.ac.uk 
Let’s connect 
on LinkedIn 

☺

01 LLMs can understand a persona report and 
reproduce predictions, even using different 
attribute sets.

02 Accuracy is mainly affected by the fact that some 
segments are inherently similar.

03 With personas, (potentially) more heterogeneous 
MATSim agent logic reflects different individual 
preferences?
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