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Land-Useand Sacio-EconomidBehaviour

The demandfor transportation is inducedby peoplewishingto
participate in spatially sepaated saocial, cultural, economic,. . .
activities

) Land-usemodels(Burgess1925,Hoyt 1939,...)

CBD = central businessdistrict

| = industry zone '

L/M/H = low-, middle-, and high-classresidents WSTA
C = commuter zone
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Land-Useand Sacio-EconomidBehaviour

The demandfor transportation is inducedby peoplewishingto
participate in spatially sepaated saocial, cultural, economic,. . .
activities

) Land-usemodels(Burgess1925,Hoyt 1939,...)

CBD = central businessdistrict i | . '

| = industry zone m |

L/M/H = low-, middle-, and high-classresidents GeOS ulat OI’QOOO TA-
c = commuter zone (Sp‘a\/\/l)
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Trip-BasedTransprtation PlanningModels

Classicalppoach, e.g., the four-stepmodel (4SM).
Travellersmake certain decisionstherely undertakingtrips.

Trip generation ) How manytrips ? ) aggregation
Trip distribution ) Whereare they going? ) OD matrix
Modal split ) What mode of transportation ?

Tratc assignment )  Which routes?
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Trip-BasedTransprtation PlanningModels

Classicalppoach, e.g., the four-stepmodel (4SM).
Travellersmake certain decisionstherely undertakingtrips.

Trip generation
Trip distribution
Route choicebehaviouras dictated by

Modal split Wardrop's criteria:

Traxc assignment Userequilirium $ Systemoptimum

|
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!
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State-of-the-Art

Activity-BasedTransprtation PlanningModels

Basicunits are not trips but householdactivity patterns
o Generationof a synthetic population
o Generationand schedulingof activity patterns) agentplans

o Physicalpropagationof agents(plan execution).
) Day-to-day and within-day dynamicsleadto rescheduling.

,;’:‘f L BASS
PEAES Multi-agent simulation
S +
o \Switzerland at 08:00"

/7k %lsm
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Macroscopi@and Mesoscopidratc Flow Models

Descrile how tratc propagatesphysicallyon a road.
Basedon partial di®erentialequations(high levelof aggregation,
low levelof detail).

Macroscopic:
Fluid-dynamicmodelstreat tratc asa compessible

°uid (Navier-Stoles).

Mesoscopic:
Gas-kineticmodelstreat tratc asa many-paticle

system,derivingmacroscopiequationsfrom
microscopicdriver behaviour.
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Microscopicand Submicroscopidratzc Flov Models

Microscopicmodels explicitly considerinteractionsbeweenvehicles
in atratc stream(low levelof aggregation high level of detail).

Ca-following submalel Lane-changingsubmalel
@ Stimulus-respnse. @ Modellinggap
@ Optimal velaity. acceptance.
o Psycho-physiological e Mandatay versus
spacing. discretionay lane
changes.

o Traxc cellula automata.
@ Basedon queueingtheary.
Submicroscopienodelsincarporate physicalchaacteristicssuchas

engineperfaomance,geabox operations,... and humandecision %;sm
taking processes
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Histaric Originsof Cellula Automata

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

o Lattice L.

o StatesS.

@ Local neightoburhood N .
@ Local transition rule +.

Globalbehaviourarisesfrom
local rule-basednteractions.

In the 80s, Wolfram provided populaisation through an |
o . SISTA-
abundanceof empiricalexperiments. |
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Cellula AutomataModelsof RoadTraxc

Considera one-dimensionalattice L (¢ X = 76m, ¢ T = 15,
Vmax = 5 cells/time step), carespondingto a single-lanetratc
cellula automaton (TCA). Supposethe following rule set applies:

R1: accelerationand braking
Vi(t) A minfyi(ti 1)+ Lgs(ti 1);Vmaxg

R2: randomisation
»t)< p) vi(t)A maxo;vi(t)i 1g

R3: vehiclemovement
xi(t) A x(ti 1)+ vi(t)

) Apply TCA rulesto all vehiclesin parallel. %lsm
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Executingthe Rule Set: An lllustrative Example

space
upstream downstream
r S
«p @ «»
v=2 vy=3 v=1
t+Is—+
A
time

Set of local rules) car-following submodel !WSTA
|
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Executingthe Rule Set: An lllustrative Example

space
upstream — downstream
t
@ |@» @
w=7 v=3 y=1 i

t+1s |
Map

v v=2
time
I The greenca canacceleratefrom 1 to 2 cells/time step. !$IST/L
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Executingthe Rule Set: An lllustrative Example

space
upstream — downstream
r S -
@p | @ @
v=2 v=3 v=1
t+1s—
o lam| Haw
M v=3 v=2
time
| o
I The red car maintainsits speed. !alsm
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Executingthe Rule Set: An lllustrative Example

space
upstream downstream
r - -
@ | @ —~ (i}
o A
w=7 v=3 y=1
t+Is—+
» @D «p «bp
v v=40 =3 y=2
time
I The yellow car must brake and stop to avoid a collision. !alsm
|
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SomeFlavoursof Traxc Cellula AutomataModels

Velocity-dependentrandomisation

Stochastic With brake-lights

) TCA+ Java™ Simulator (http://smtca.dyns.cx) %‘sm
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Part Il

Numerical Analysis of Tratc Data
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CollectingTrazc Flow Measurements

ConsiderFlanders'motorway road network:

@ Somel600loop detectas (with approximately 200 cameras).
@ On for eachlane,right befare and after a complex.
o ¥4 10° measurements/ga ¥4 3:24 GB.
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SinglelnductiveLoop Detectas

Eachtime a vehiclei passeoverthe detectionzone,it is counted
andits on-time o, recaded. After a period Ty, of one minute,
the following measurementsre aggregated:

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

@ Number of trucks qg; (internal classi cation!).

o Occupancyv2

@ Time-meanspeedV; (estimated!).
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Rawv Traxc Flow Measurements

Considerthe average’ows on all Mondays and Sundgs in 2003:

=— Monday
=— Sunday

800

700

600

500~

400

Mean flow [vehicles/hour]

300

L L L L L L L L L L L
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00
ime

) The Monday morning and eveningpeaksare clealy visible.
) Sundy hasan afternoon peak, increasingin intensity.
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Statistical Outlier Detection

As opposedto structural failuresof singleinductive loop detectas,
occasionalerrars occur asoutliersin the data:

Summay statistics for 2003

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

10 15 D
Percentage outliers

) Automatically detect and removestatistical outliers.
) Fill in the missingvalues(e.g., referencedays, multiple
imputation, time seriesanalysis,non-paametric models,. . .).
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Assessin@etecta Malfunctioning

Basedon the Daily Statistics Algorithm (DSA) of Chenet al. 2003.
For example,considerthe following scae for loop detecta i:

High occupancysamples

Sy(i; Tpsa) = #samplesduring Tpsa with % > 14,

o For the year 2001, the databasecontained1654 detectas.
@ Tpsa = 60 minutes.
o £ =35%.

) Highly detaileddetecta maps
(e.g., 24 hours£ 365days= 8760 pixels).
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lllustrative Detecta Maps

Horizontally: hour-of-yea.
Vertically: detecta ID.

+

Dark horizontal lines detecta failure during a certain time period.
Dark vertical lines failure of severalneightouring detectas.
Long vertical lines archival failure at the central database.

Studying2001! 2005: more failuresat the central database
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lllustrative Detecta Maps

Slantedstreaks at successiveletectas at successivéime periods.
Shat harizontal lines high occupanciesduring day-time.
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Travel Time Estimation: ProblemDescription

We are interestedin the computation of travel times, basedon
histarical °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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Travel Time EstimationAlgarithm

o Thereis conservationof the number of vehiclesin the section.
@ The rst-in, rst-out (FIFO) condition holds.

(1) Aggregate®ow measurementsver all lanes.

(2) Convert°ow measurementsnto cumulativecounts

(3) Synchronisaupstreamand downstreamcumulativecurves.
(4) Carect for systematicerras betweenboth posts.

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

Considerthe E40 motorway between Erpe-Mereand Wetteren
(three lanes),on Monday, April 4, 2003.

7000)

00|

Upstrea flow g (vehiclesour)
Downstream flow q (vehicles/our)

2000)

o o
Upstream°ows Downstream°ows
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An Examplefor Travel Time Estimationon the E40

Considerthe E40 motorway between Erpe-Mereand Wetteren
(three lanes),on Monday, April 4, 2003.

x10° 10000 20000 30000 40000 50000 60000

0800 0930 1100 1230 _ 1400 1530 1700 1830  20:00 0800 0930 1100 1230 _ 1400 1530  ITo0 1830 2000
e Tim

Cumulativecurves Obliqueplot

) Thereis a queuegrowing at appoximately 11:00.

Sven Maerivoet Modelling Tratc on Motorways



Acquisition of Traxc Flow Measurements
Numerical Analysis of Tratxc Data Quality Assessment

O®-Line Travel Time Estimation

Tempo-Spatial Congestion Maps

Extractingthe Distribution of the DynamicTravel Time

Travel time [minutes]

0 I I I 1 I I I
08:00 09:30 11:00 12:30 14:00 15:30 17:00 18:30 20:00
Time

o
N
o

o
N
T

o

-

o
T

o
e
T

o

=)

o
T

Normalised travel time frequency

0

35 4 4.5 5 55 6 6.5 7 75
Travel time [minutes]
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Assessingravel Time Reliabiliy

For a typical Monday in 2003, this becomes:

o
o
a

Normalised travel time frequency

o o o
o =)
) [

o
o
=

o
5

. 90% quantile
-=-=- 95% quantile

5 10 15 20
Travel time [minutes] (Monday;8h-10h)

o
e
N

o
[

4
=}
o

Normalised travel time frequency
o
o
(2]

. 90% quantile
=== 95% quantile
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Median = 5.16 minutes
MAD = 0.43 minutes
90% = 7.23 minutes
95% = 7.66 minutes

0.04
0.02
o]
0 5 10 15
Travel time [minutes] (Monday;17h-20h)
Median =  4.97 minutes
MAD =  0.45 minutes
90% =  7.49 minutes
95% =  8.95 minutes

20
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ConstructingTempo-SpatialCongestiorMaps

For a givenmotorway, considerall measurementsnadeon similar
weekdys Usethe meanspeedasan indicata for congestion.

Robustestimatas to eliminateoutliers

The median(= 50% quantile) givesstructural congestion.
The 95% quantile givesincidental congestion.

weekday-in-year

time-of-day
1440
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Structural Congestioron the RO Ring Road

Monday

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

Severeevening
congestionaround
Vierarmenkruispunt,
Tervuren,
Wezemleek-
Oppem.
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Structural Congestioron the RO Ring Road

Friday

Typically a more
pronouncedevening
congestion as
opposedto a milder
morning congestion

Longereveningrush
hour, especially nea
Vierarmenkruispunt
and
Strombeek-Bever.
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Part Il

Integrated Dynamic Tratzc Assignment
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Increasing Exciency Through Distributed Computing

Approachedo DynamicTraxc Assignment

It is important to capturethe temporal character of congestion
(i.e., its buildup and dissolution). Travel times depend on the
histary of the system,implying dynamictratc assignmen{DTA):

@ Analytical versussimulation-basedTA.

@ DeterministicversusstochasticDTA.

@ The integration encompassethe following components:

o Depature time choice(DTC).
@ Dynamicroute choice(DRC).
@ Dynamicnetwork loading (DNL).

) Incaporate a givensynthetic population.
) Assumeheterogeneousinimodal tratc, usingan excient DNL.
) (DTC + DRC)+ DNL) equilitrium.
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Increasing Exciency Through Distributed Computing

Overviewof the ProposedFramevork

i : SequentiaDTC + DRC

; o) e | |

: ; (1) Disaggregatestatic OD matrix
into N agents.

(2) Generateset of feasibleroutes.

(3) Executedepature time choice
(DTC) model.

(4) Executedynamicroute choice
(DRC) model.

(5) Executedynamicnetwork
loading (DNL) model.

(6) Checkconvergence.
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Increasing Exciency Through Distributed Computing

Depature Time Choice

Checkconvergenceisingan agent's

generalisedravel cost

Ciotal; (tdeparturei) =

dynamic route choice

: e oo o E G (*i(tdepature,)) *
1 lynamic network loa ing 1
b e : CTi(Ti(tdepaturei)) +
maxf C- (tpar, i
W1 convergence ? (tdepaturei + T| (tdepa’turei))) ; Og +

(no)

maxt C-, (taeparture, +
Ti(tdepature;) i teat;); 0Q:

) Take scheduledelay costsinto account.
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Increasing Exciency Through Distributed Computing

DynamicRoute Choice

Assumingknown depature times all agentsnow selecta route
from the set of feasibleroutes betweentheir origins and
destinations.

1
1

1

1

1

1

1

1

| : _ :
: H !

events H ATIS - -------------- ,-)| | execute DNL | | 1
1 !

...-A 1 1

1

1

1

1

1

1

1

1

1

1
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Increasing Exciency Through Distributed Computing

An Excient DynamicNetwork LoadingModel

We adopt a microscopicsimulationapproach.
BUT: Ca-following and lane-changingsubmalelstypically entail a
high-computationalburden.

+
Considera tratc cellula automatonasthe underlyingDNL model:

o Site oriented versusparticle oriented) hybrid approach.

@ Flexiblearchitecturewith respect to the choiceof TCA model.
o Slovdown probabilitieset ceteraare propertiesof the links.

o JavdM: perfamant and \write once,run anywhere"
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Increasing Exciency Through Distributed Computing

TacklingLarge ScaleAspects

Evenwhenusingan excient microscopicmodel like a traxc
cellula automaton, large-scalescenaios provide a true challenge.

) Flandershas¥s 1300km of highway roads.
) This carespndsto ¥ 520,000cells(7.5 m/cell; 3 lanes/road).

Solution divide the workload over di®erentworkers.
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Increasing Exciency Through Distributed Computing

ParallellismThrough Distributed Computing

) We assumedeplgymentin a heterogeneougnvironment
(mixing grid-basedand high-perfamancecomputing).
Assignall motorways to sepaiate computing units:

Sven Maerivoet Modelling Tratc on Motorways



Summary and Contributions
Future Reseach

Summary and Perspectives

Part IV

Summary and Perspectives

Sven Maerivoet Modelling Tratc on Motorways



Summary and Contributions
Future Reseach
Summary and Perspectives

Summay and Contributions

@ With respect to the state-of-the-at, we have provided:

@ A logicaland consistentterminologyand notation to tackle the
existinga “zoo of notations' (Chapter?2).

@ An extensiveoverviewfor traxc °ow theary, transportation
planning,andtratzc °ow modelling (Chapters2 and 3).

e A completesurveyand classi cationof tratc cellula automata
modelsfrom the behaviouralpoint of view (Chapter4).
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Summay and Contributions

@ With respect to the state-of-the-at, we have provided:

@ A logicaland consistentterminologyand notation to tackle the
existinga “zoo of notations' (Chapter?2).
@ An extensiveoverviewfor traxc °ow theary, transportation
planning,andtratzc °ow modelling (Chapters2 and 3).
e A completesurveyand classi cationof tratc cellula automata
modelsfrom the behaviouralpoint of view (Chapter4).
@ Consideringtratc °ow measurementswe have provided (Chapter 6):

o A methad to track statistical outliers

@ A visualtechniquefor quick assessmentsf structural and
incidentaldetecta malfunctioning.

@ A methadologyfor derivingtravel times basedon raw
cumulativecounts.
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Summay and Contributions

@ With respect to the state-of-the-at, we have provided:

@ A logicaland consistentterminologyand notation to tackle the
existinga “zoo of notations' (Chapter?2).
@ An extensiveoverviewfor traxc °ow theary, transportation
planning,andtratzc °ow modelling (Chapters2 and 3).
e A completesurveyand classi cationof tratc cellula automata
modelsfrom the behaviouralpoint of view (Chapter4).
@ Consideringtratc °ow measurementswe have provided (Chapter 6):

o A methad to track statistical outliers
@ A visualtechniquefor quick assessmentsf structural and
incidentaldetecta malfunctioning.
@ A methadologyfor derivingtravel times basedon raw
cumulativecounts.
@ Sequentiallycombining depature time choice and dynamic route choice,
we proposea framework for dynamictratc assignment,basedon an
excient dynamic network loading model (Chapter 7).
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Future Reserch

@ Consideringthe state-of-the-art:

@ A consequeninalysisof the develogd tratc °ow models
(mathematical properties, physicalsoundnessstrengthsand
weaknesses).

@ The humanitiesand sccial scienceshouldconsiderthe
psychologicabspects of humanbeings(e.g., self-aganisation
of the transportation system).
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Future Reserch

@ Consideringthe state-of-the-art:

@ A consequeninalysisof the develogd tratc °ow models
(mathematical properties, physicalsoundnessstrengthsand
weaknesses).

@ The humanitiesand sccial scienceshouldconsiderthe
psychologicabspects of humanbeings(e.g., self-aganisation
of the transportation system).

@ Mining data stemming from detectars, GSM/GPS probe vehicles,... to
extract relevantand up-to-date tratc information (interaction between
competitive producersand consumers).
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Future Reserch

@ Consideringthe state-of-the-art:

@ A consequeninalysisof the develogd tratc °ow models
(mathematical properties, physicalsoundnessstrengthsand
weaknesses).

@ The humanitiesand sccial scienceshouldconsiderthe
psychologicabspects of humanbeings(e.g., self-aganisation
of the transportation system).

@ Mining data stemming from detectars, GSM/GPS probe vehicles,... to
extract relevantand up-to-date tratc 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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