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What is the Future Cities Laboratory (FCL)?

First foreign centre of the ETH Zurich

It promotes future-oriented strategies in building technology, urban 
design, and territorial planning.

FCL is scheduled for five years and was launched in September 2010.

Sponsored by the Singaporean National Research Fund(NRF)



Who?
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35 PhD students
9 research modules
9 professors (12 months in Singapore)
3 assistant professors
10 post-docs
Management & support staff



Singapore – some statistics

Population: 5.1 million people

Of which: 3.2 million Singaporeans, 400,000 Permanent Residents

Area: 710 km2 (40 x 25 km)

Density: 7,148 in/km2 

GDP:  US $ 45,200 per capita

Vehicles: 597,746  cars, 1 million vehicles

Public transport: 2.07 million MRT trips, 3.2 million bus trips

7
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What?  Where?  When?  Why?



MATSim: A GNU public licence software project

Main partners
• TU Berlin (Prof. Nagel)
• ETH Zürich  and FCL Singapore
• senozon (Dr. Balmer, Rieser)

Coordination via:
• User meeting
• Developer meeting

Help for new users
• Tutorials
• www.matsim.org



MATSim: A GNU public licence software project

Currently known implementations:

• Switzerland (Zürich) 
• Berlin
• Munich
• Gauteng province (Johannesburg and environs)
• Singapore

• Tel Aviv  (& Bowman-style ABM)
• Toronto (& ILUTE)
• Netherlands (& Albatross)
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Activity scheduling with Vickrey-style utility function

Number and type of activities
Sequence of activities

• Start and duration of activity
• Composition of the group undertaking the activity
• Expenditure division
• Location of the activity

• Movement between sequential locations

• Location of access and egress from the mean of transport
• Parking type

• Vehicle/means of transport
• Route/service
• Group travelling together
• Expenditure division

SUE ....



Current Vickrey-type utility function
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Simulate the diversity: Multi-agent transport simulation

14Video available at http://www.vimeo.com/24822377



Research Framework
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Implementation��of��MATSim Singapore

(M)edium Term (L)ong Term

Preparatory work

Research



(M)edium term

Simulation based optimisation

Towards a weekly model: MATSim+
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(M)edium term

Simulation based optimisation

Towards a weekly model: MATSim+
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(L)ong Term

19

Hedonic regressions/facilities

Residental location choice
- object-fine
- social network informed
- secondary location choice

Service provider agent
- location choice
- choice of location size
- regulations

Social network
- evolution
- ageing

Processing
Analysis, 
figures, 
evaluation

Initial demand year n

Information year n+1
- new housing
- new work places
- new service locations

Initial demand year n+1

Information year n+2
- new housing
- new work places
- new service locations
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MATSim iterationsMATSim iterations

Initial demand modelingInitial demand modeling

Supply��data

The MATSim framework
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Behaviour

Population
DemandFacilities

Plans

Execution

Scoring

Replanning

Analysis
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Initial demand modeling

SingStat

HITS

Work Facilities 
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Other  Facilities 

Pop. synthesis

Driver license
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Mode choiceMode choice sp

Home Facilities 

Synthetic Pop.

Synthetic Pop. +1

Synthetic Pop. +3Pop. distribution

Primary location Synthetic Pop. +4

Second. location Synthetic Pop. +6
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Initial demand
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DemandDemand SupplySupply
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MATSim iterations:

Initial demand

Execution

Scoring

Replanning

Network

Capacities

PT schedule

ERP

Plan scoring model

Relaxed state

Special Matrices

Facilities 

Turning restric.

Traffic lights

HITS
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Population synthesis

SingStat

HITS

Work Facilities 

Educ. Facilities 

Other  Facilities 

Pop. synthesis

Driver license

Car ownership

Mode choiceMode choice sp

Home Facilities 

Synthetic Pop.

Synthetic Pop. +1

Synthetic Pop. +3Pop. distribution

Primary location Synthetic Pop. +4

Second. location Synthetic Pop. +6

Activity assign. Synthetic Pop. +2

Initial demand

EZ Link

REALIS/Streetdir



Population synthesis: concept

25

Marginal totals from SingStat
e.g. sub-DGP / age group / sex

Correlation structure of persons 
and households from HITS

Iterative proportional fitting

Validation

Generate Foreigners



Results: control (top) vs synth(below)
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Control: 21k households in 4 room HDB, Bedok

27



Synth: 21k HITS households in 4 room HDB, Bedok

28



Drill-down: Dwelling type x DGP x Household income

29



Special case: Foreigners

Challenge:
• 1.39 Mio people not covered in SingStat publications
• Not clearly identifiable in HITS
• Heterogeneous travel patterns

870k lower-skilled workers
• Special trip matrices

240k EP + 195k DP/LTVP holders:
• Dwelling type: 10% HDB, 80% Condo, 10% landed
• 98k S-Pass holders

�ƒ Income 2k – 3k
�ƒ Only occupations that suit skills list by MOM
�ƒ Age: 18y < x < 65y

�ƒ 142k EP holders
�ƒ Income > 3k
�ƒ Occupation: managers, professionals, technician

�ƒ 195k DP/LTVP
�ƒ No income

30

Draw from special segments
In general population
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Driver license availability model and application

SingStat

HITS
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Driver’s license model – Weighted MNL model
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No driver license Driver license*

Constant -26.60

HDB small -0.570

HDB medium (ref) -

HDB large 0.486

Condo 1.27

Landed property 1.82

#members household 0.032

Economic activity home -0.754

Economic activity retired -0.674

Age -0.246

Age * Male 0.037

Ln (age) 9.650

Income k -0.103

Adjusted rho square 0.29

* License available to persons over 17 and non-domestic workers



Driver’s license model – Influence of sex
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20

21

22
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28
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Car ownership model and application

SingStat

HITS

Work Facilities 

Educ. Facilities 

Other  Facilities 

Pop. synthesis

Driver license

Car ownership

Mode choiceMode choice sp

Home Facilities 

Synthetic Pop.

Synthetic Pop. +1

Synthetic Pop. +3Pop. distribution

Primary location Synthetic Pop. +4

Second. location Synthetic Pop. +6

Activity assign. Synthetic Pop. +2

Initial demand

EZ Link
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Household car ownership model – Weighted MNL
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No car Car*

Constant -1.21

Income k 0.180

Persons under 19 0.325

Persons from 19 to 39 -0.189

Persons from 39 to 64 -0.203

Persons above 65 -0.205

Number of licenses 0.784

Number of bikes 0.142

HDB small -0.294

HDB medium (ref) -

HDB large 0.511

Condo 2.05

Landed property 1.82

Postal sector 1 to 4 -

Postal sector 12 to 16 -0.464

Postal sector 17 & 18 -0.114

Postal sector 19 -0.251

Adjust rho square 0.31

* Car available to households with license



Market shares
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HITS –
Actual 
sample

HITS -
Simulated

Synthetic 
population
- resident

Synthetic 
population 
- foreigner

SingStat -
2010

No driver license 71.1 71.3 76.6 63.9

Driver license 28.9 28.7 23.4 36.1

No car available 56.9 51.9 60.1 48.9 61.7

Car available 43.1 48.1 39.8 51.1 38.3
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Assignment of activity chains

SingStat
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Assignment of activity chains

Objective:
• Assign activity chains to agents
• Include specific information on agent demographic profile

Method:
• Activity chains reported in HITS as sample space
• Segmented random-draw
• Segments according to

• Age group
• Sex
• Occupation type
• Car availability

38
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Generation of activity locations / facilities

SingStat

HITS

Work Facilities 

Educ. Facilities 

Other  Facilities 

Pop. synthesis

Driver license

Car ownership

Mode choiceMode choice sp

Home Facilities 

Synthetic Pop.

Synthetic Pop. +1

Synthetic Pop. +3Pop. distribution

Primary location Synthetic Pop. +4

Second. location Synthetic Pop. +6

Activity assign. Synthetic Pop. +2

Initial demand

EZ Link

REALIS/Sdir/HDB



Facilities

40



Facilities – Matching buildings with the Navteq network

41



Residential facilities – How good are we?

42
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Generation of activity locations / facilities

SingStat

HITS
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Household location

Synthetic population gives dwelling type (hdb1, hdb3, condo).

Within a sub-DGP, a similar dwelling type is drawn.

Dwelling types with a higher number of units on a postal code, have 
a higher probability of being drawn.

44



Residential capacities
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Population distribution
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Work location model: concept
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Detection of work 
activities (EZ-Link)

Mode share per 
zone (HITS 2008)

Number of work locations 
per zone

Distribution of work locations to 
commercial buildings in each zone



HITS 2008 activity durations (all vs. work) 
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Detection of work activities from EZ-Link
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7h-16h



Mode share from HITS 2008 (1092 zones -> 441 zones)
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Total number of workplaces (441 zones)
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Total number of workplaces (441 zones)
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Work facilities (number of workplaces)

53



O
ut

pu
t/

In
pu

t
O

ut
pu

t/
In

pu
t

M
od

el
s

M
od

el
s

In
pu

t d
at

a
In

pu
t d

at
a

Generation of activity locations / facilities
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Generation of education facilities

Sources:
• Streetdirectory -> Buildings
• Ministry of Education -> number of students in SMC/GRC

Method:
• Inclusion of  actual school sizes where available

• Specific information on Polytechnics, ITE and Universities
• Otherwise: assumption of uniform distributed school sizes
• EZLink based modeling is infeasible because of

�� Inconsistent tapping out
�� Less regular activity patterns
�� Other modes of transport



Educational facilities in Dover / Clementi Area
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Primary activity location: gravity model
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Trip distribution for primary activities (work, education)

Objective:
• Connect home and work facilities
• Include specific information on occupation and type of work 

facility

Method:
• Gravity-based model
• Estimation of model parameters based on HITS
• Probability based assignment of each agent to a single work/ 

education facility



Gravity model estimation: e.g. Car HBW
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Cumulative distribution

Trip distance [m]

Data for parameter estimation



Gravity model estimation: e.g. Public Transport HBW
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Cumulative distribution

Trip distance [m]

Data for parameter estimation
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Secondary activity location: gravity model
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Secondary activity location for iteration 0

Objective:
• Select suitable activity locations for shopping and leisure

Method:
• Randomly assign location based on home and work location
• Location choice will be optimised as part of the iterative 

process
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Mode choice for given activity plan
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Mode choice

Objective:
• Select suitable mode for each subtour

Method:
• Compute travel time both by car and public transport
• Assign mode based on best response

• Take into account car availibility/driver license
• Optimisation of mode choice through iterative process



DemandDemand SupplySupply
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Trip matrices imported from LTA models

Initial demand

Execution

Scoring

Replanning

Network

Capacities

PT schedule

ERP

Plan scoring model

Relaxed state

Special Matrices

Facilities 

Turning restric.

Traffic lights

HITS



Concept:
• Reproduce LTA special trip matrices between given zones with 

single trips
• 0.023 trips? -> Random rounding to integers

Heavy goods vehicle / light goods vehicles:
• Distributed between commercial and industrials buildings

Malaysia Checkpoint:
• Distributed to all buildings

Tourist:
• Distributed to hotels, shopping and leisure buildings

Time:
• According to dynamics as reported in HITS, slightly blurred

Special trip matrices



Special trip matrices – Validation against counts

CTE between Ang Mo Kio South Flyover and Braddell Flyover Towards PIE



Supply
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MATSim iterations: basic network information

Initial demand

Execution

Scoring

Replanning

Network

Capacities

PT schedule

ERP

Plan scoring model

Relaxed state

Special Matrices

Facilities 

Turning restric.

Traffic lights

HITS



Combine network information: map to map-matching
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Capacities assignment tool
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Results: Capacities changes

72

- 3550 veh/hr + 8000 veh/hr



Simlation: MATSim 1.0 demand on MATSim 2.0 network



DemandDemand SupplySupply
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Additional network information

Initial demand

Execution

Scoring

Replanning

Network

Capacities

PT schedule

ERP

Plan scoring model

Relaxed state

Special Matrices

Facilities 

Turning restric.

Traffic lights
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Public Transport Vehicles

Line

Departure

Vehicle

Vehicle type

Description Capacity

Seats

Standing

Dimension Max. Speed Engine

Type

Consumption

Access and 
Egress time

Doors 
information

75



MATSim Public Transport Vehicles XML file
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Schedule with vehicle

Vehicle type

Which vehicle?



ERP location



ERP in MATSim



DemandDemand SupplySupply
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Towards complete network information

Initial demand

Execution

Scoring

Replanning

Network

Capacities

PT schedule

ERP

Plan scoring model

Relaxed state

Special Matrices

Facilities 

Turning restric.

Traffic lights

HITS



Traffic lights
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Outlook (1)

Finalising MATSim 2.0
• Inclusion of Masterplan 2008
• Secondary activity location choice
• Formulation utility function to account for strict work time 

scheme
• Simplified traffic light model

Update to MATSim 2.1
• Inclusion of HDB data
• Trip distribution using LTA estimates and actual routing
• Validation and calibration
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Outlook (2)

MATSim Singapore Workshop (0.5 – 1 day)
• General modeling process
• Details of submodels
• Most probably in late January
• Audience:

• LTA, URA, NRF, HDB (?)
• SMART MIT, TUM CREATE, NUS
• SMRT,SBS, Comfort Delgro
• CarSharing industry
• Siemens, IBM (?)

• Invitation early Dec
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Discussion
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