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Land-UseandSocio-EconomicBehaviour

The demandfor transportation is inducedby peoplewishingto
participate in spatiallyseparated social, cultural, economic,. . .
activities.

) Land-usemodels(Burgess1925,Hoyt 1939, . . . )PSfragreplacements
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CBD = central businessdistrict
I = industry zone
L/M/H = low-, middle-, and high-class residents
C = commuter zone
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Land-UseandSocio-EconomicBehaviour

The demandfor transportation is inducedby peoplewishingto
participate in spatiallyseparated social, cultural, economic,. . .
activities.

) Land-usemodels(Burgess1925,Hoyt 1939, . . . )PSfragreplacements
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I = industry zone
L/M/H = low-, middle-, and high-class residents
C = commuter zone

)

Geosimulation2000
(sprawl)
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Trip-BasedTransportation PlanningModels

Classicalapproach,e.g., the four-stepmodel (4SM).
Travellersmake certain decisions,thereby undertakingtrips.

Trip generation

Trip distribution

Modal split

Tra±c assignment

) How many trips ? ) aggregation

) Whereare they going ? ) OD matrix

) What mode of transportation ?

) Which routes?
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Trip-BasedTransportation PlanningModels

Classicalapproach,e.g., the four-stepmodel (4SM).
Travellersmake certain decisions,thereby undertakingtrips.

Trip generation

Trip distribution

Modal split

Tra±c assignment

Routechoicebehaviouras dictated by
Wardrop's criteria:

Userequilibrium $ Systemoptimum
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Activity-BasedTransportation PlanningModels

Basicunits are not trips but householdactivity patterns.

Generationof a syntheticpopulation.
Generationand schedulingof activity patterns) agentplans.
Physicalpropagationof agents(plan execution).
) Day-to-day and within-day dynamicslead to rescheduling.

Multi-agent simulation
+

\Switzerland at 08:00"
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MacroscopicandMesoscopicTra±c Flow Models

Describe how tra±c propagatesphysicallyon a road.
Basedon partial di®erentialequations(high levelof aggregation,
low levelof detail).

Macroscopic:
Fluid-dynamicmodelstreat tra±c as a compressible
°uid (Navier-Stokes).

Mesoscopic:
Gas-kineticmodelstreat tra±c as a many-particle
system,derivingmacroscopicequationsfrom
microscopicdriver behaviour.
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MicroscopicandSubmicroscopicTra±c Flow Models

Microscopicmodelsexplicitly considerinteractionsbeweenvehicles
in a tra±c stream(low levelof aggregation,high levelof detail).

Car-following submodel

Stimulus-response.

Optimal velocity.

Psycho-physiological
spacing.

Tra±c cellular automata.

Basedon queueingtheory.

Lane-changingsubmodel

Modellinggap
acceptance.

Mandatory versus
discretionary lane
changes.

Submicroscopicmodelsincorporate physicalcharacteristicssuchas
engineperformance,gearbox operations,. . . and humandecision
taking processes.
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Historic Originsof Cellular Automata

Introducedin 1948by von Neumannand Ulam; evolvingin the 70s
towards Conway's popular \Game of Life":

Lattice L .

States§.

Local neighbourhood N .

Local transition rule ±.

) Globalbehaviourarisesfrom
local rule-basedinteractions.

In the 80s,Wolfram providedpopularisation through an
abundanceof empiricalexperiments.
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Cellular AutomataModelsof RoadTra±c

Considera one-dimensionallattice L (¢ X = 7:5 m, ¢ T = 1 s,
vmax = 5 cells/time step), correspondingto a single-lanetra±c
cellular automaton(TCA). Supposethe following rule set applies:

R1: accelerationand braking

vi (t ) Ã minf vi (t ¡ 1) + 1; gsi (t ¡ 1); vmaxg

R2: randomisation

»(t ) < p ) vi (t ) Ã maxf 0; vi (t ) ¡ 1g

R3: vehiclemovement

xi (t ) Ã xi (t ¡ 1) + vi (t )

) Apply TCA rulesto all vehiclesin parallel.
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Executingthe RuleSet: An IllustrativeExample

Set of local rules ) car-follo wing submodel
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Executingthe RuleSet: An IllustrativeExample

! The greencar can acceleratefrom 1 to 2 cells/time step.
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Executingthe RuleSet: An IllustrativeExample

! The red car maintainsits speed.
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Executingthe RuleSet: An IllustrativeExample

! The yellow car must brake and stop to avoid a collision.
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SomeFlavoursof Tra±c Cellular AutomataModels

Stochastic

Velocity-dependentrandomisation

With brake-lights

) TCA+ JavaTM Simulator (http://smtca.dyns.cx)
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Numerical Analysis of Tra±c Data
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CollectingTra±c Flow Measurements

ConsiderFlanders'motorway road network:
Some1600loop detectors (with approximately 200 cameras).
On for eachlane, right before and after a complex.
¼ 106 measurements/year ¼ 3:24 GB.
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SingleInductiveLoop Detectors

Eachtime a vehiclei passesover the detectionzone,it is counted
and its on-time ot i recorded. After a period Tmp of oneminute,
the following measurementsare aggregated:

Number of cars qc (internal classi¯cation!).

Number of trucks qt (internal classi¯cation!).

Occupancy½.

Time-meanspeedv t (estimated!).
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Raw Tra±c Flow Measurements

Considerthe average°ows on all Mondays and Sundays in 2003:
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) The Monday morning and eveningpeaksare clearly visible.
) Sunday hasan afternoon peak, increasingin intensity.
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StatisticalOutlier Detection

As opposedto structural failuresof singleinductive loop detectors,
occasionalerrors occur as outliers in the data:
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Summary statistics for 2003

Maximum = 24.5 %
Mean = 7.5 %
Std. dev. = 4.4 %

) Automatically detect and removestatistical outliers.
) Fill in the missingvalues(e.g., referencedays, multiple

imputation, time seriesanalysis,non-parametric models,. . . ).
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AssessingDetector Malfunctioning

Basedon the Daily StatisticsAlgorithm (DSA) of Chenet al. 2003.
For example,considerthe following score for loop detector i :

High occupancysamples

S2(i ; TDSA) = #samplesduring TDSA with ½i > ½¤.

For the year 2001, the databasecontained1654detectors.

TDSA = 60 minutes.

½¤ = 35 %.

) Highly detaileddetector maps
(e.g., 24 hours£ 365 days = 8760pixels).
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IllustrativeDetector Maps

Horizontally: hour-of-year.
Vertically: detector ID.

+

Dark horizontal lines: detector failure during a certain time period.
Dark vertical lines: failure of severalneighbouring detectors.
Long vertical lines: archival failure at the central database.

Studying2001! 2005: more failuresat the central database.
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IllustrativeDetector Maps

Slantedstreaks: at successivedetectors at successivetime periods.
Short horizontal lines: high occupanciesduring day-time.
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TravelTime Estimation:ProblemDescription

We are interestedin the computationof travel times, basedon
historical °ow measurements?, obtainedat both endsof a
motorway sectionwithout on-/o® rampsin between.

(?) For single inductive loop detectors, total vehicle counts are the most reliable.
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TravelTime EstimationAlgorithm

Assumptions

There is conservationof the number of vehiclesin the section.

The ¯rst-in, ¯rst-out (FIFO) condition holds.

(1) Aggregate°ow measurementsoverall lanes.

(2) Convert°ow measurementsinto cumulativecounts.

(3) Synchroniseupstreamand downstreamcumulativecurves.

(4) Correct for systematicerrors betweenboth posts.

(5) Extract the distribution of the dynamictravel time.
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An Examplefor TravelTime Estimationon the E40

Considerthe E40 motorway betweenErpe-Mereand Wetteren
(three lanes),on Monday, April 4, 2003.
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An Examplefor TravelTime Estimationon the E40

Considerthe E40 motorway betweenErpe-Mereand Wetteren
(three lanes),on Monday, April 4, 2003.
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) There is a queuegrowing at approximately 11:00.
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Extractingthe Distributionof the DynamicTravelTime
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AssessingTravelTime Reliability

For a typical Monday in 2003, this becomes:
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Median = 5.16 minutes
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ConstructingTempo-SpatialCongestionMaps

For a givenmotorway, considerall measurementsmadeon similar
weekdays. Usethe meanspeedas an indicator for congestion.

Robustestimators to eliminateoutliers

The median(= 50% quantile) givesstructural congestion.
The 95% quantile givesincidentalcongestion.
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StructuralCongestionon the R0 RingRoad

Monday

Severemorning
congestionaround
Vilvoorde and
Strombeek-Bever.
Slower tra±c at
Machelen(E19) and
Merchtem (E40).

Severeevening
congestionaround
Vierarmenkruispunt,
Tervuren,
Wezembeek-
Oppem.
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StructuralCongestionon the R0 RingRoad

Friday

Typically a more
pronouncedevening
congestion, as
opposedto a milder
morning congestion.

Longer eveningrush
hour, especially near
Vierarmenkruispunt
and
Strombeek-Bever.
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Part III

Integrated Dynamic Tra±c Assignment
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Approachesto DynamicTra±c Assignment

It is important to capturethe temporal character of congestion
(i.e., its buildup and dissolution). Travel times depend on the
history of the system,implying dynamictra±c assignment(DTA):

Analytical versussimulation-basedDTA.

DeterministicversusstochasticDTA.

The integration encompassesthe following components:

Departure time choice(DTC).
Dynamicroute choice(DRC).
Dynamicnetwork loading(DNL).

) Incorporate a givensyntheticpopulation.
) Assumeheterogeneousunimodal tra±c, usingan e±cient DNL.
) (DTC + DRC) + DNL ) equilibrium.
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Overviewof the ProposedFramework

static OD matrix

create N agents

choose departure times

choose routes

execute DNL

W1 convergence ?

W1 convergence ?

STOP

(yes)

(no)

(yes)

(no)

ATIS

generate route set

network description

events

) SequentialDTC + DRC

(1) Disaggregatestatic OD matrix
into N agents.

(2) Generateset of feasibleroutes.

(3) Executedeparture time choice
(DTC) model.

(4) Executedynamicroute choice
(DRC) model.

(5) Executedynamicnetwork
loading(DNL) model.

(6) Checkconvergence.
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Departure Time Choice

choose departure times

W1 convergence ?

STOP

(yes)

(no)

dynamic route choice
+

dynamic network loading

Checkconvergenceusingan agent's
generalisedtravel cost:

Ctotal i (tdeparture i
) =

C¹ i (¹ i (tdeparture i
)) +

CT i (T i (tdeparture i
)) +

maxf C¯ i (tPAT i ¡

(tdeparture i
+ T i (tdeparture i

))) ; 0g +

maxf C° i (tdeparture i
+

T i (tdeparture i
) ¡ tPAT i ); 0g:

) Take scheduledelay costsinto account.
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DynamicRouteChoice

Assumingknown departure times, all agentsnow selecta route
from the set of feasibleroutesbetweentheir origins and
destinations.

choose routes

execute DNL

W1 convergence ?

(yes)

(no)

ATISevents
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An E±cient DynamicNetwork LoadingModel

We adopt a microscopicsimulationapproach.
BUT: Car-following and lane-changingsubmodelstypicallyentail a

high-computationalburden.

+

Considera tra±c cellular automatonas the underlyingDNL model:

Site orientedversusparticle oriented ) hybrid approach.

Flexiblearchitecturewith respect to the choiceof TCA model.

Slowdown probabilitieset ceteraare propertiesof the links.

JavaTM : performant and \write once,run anywhere".
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TacklingLargeScaleAspects

Evenwhenusingan e±cient microscopicmodel like a tra±c
cellular automaton, large-scalescenarios providea true challenge.

) Flandershas¼ 1300km of highway roads.
) This correspondsto ¼ 520,000cells(7.5 m/cell; 3 lanes/road).

Solution: divide the workload overdi®erentworkers.
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ParallellismThroughDistributedComputing

) We assumedeployment in a heterogeneousenvironment
(mixing grid-basedand high-performancecomputing).
Assignall motorways to separate computingunits:
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Part IV

Summary and Perspectives
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Summary andContributions

With respect to the state-of-the-art, we haveprovided:

A logicaland consistentterminologyand notation to tackle the
existinga `zoo of notations' (Chapter2).
An extensiveoverviewfor tra±c °ow theory, transportation
planning,and tra±c °ow modelling (Chapters2 and 3).
A completesurveyand classi¯cationof tra±c cellular automata
modelsfrom the behaviouralpoint of view (Chapter4).

Consideringtra±c °ow measurements,we haveprovided (Chapter 6):

A method to track statistical outliers.
A visualtechniquefor quick assessmentsof structural and
incidentaldetector malfunctioning.
A methodologyfor derivingtravel times basedon raw
cumulativecounts.

Sequentiallycombining departure time choiceand dynamic route choice,
we proposea framework for dynamic tra±c assignment,basedon an
e±cient dynamic network loading model (Chapter 7).
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Future Research

Consideringthe state-of-the-art:

A consequentanalysisof the developed tra±c °ow models
(mathematicalproperties,physicalsoundness,strengthsand
weaknesses).
The humanitiesand social sciencesshouldconsiderthe
psychologicalaspectsof humanbeings(e.g., self-organisation
of the transportation system).

Mining data stemming from detectors, GSM/GPS probe vehicles,. . . to
extract relevant and up-to-date tra±c information (interaction between
competitive producersand consumers).

Construct a practical implementation of the proposedframework
(consideringcalibration and validation issues,and the existenceof an
equilibrium).
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