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TECHNICAL ABSTRACT

This deliverable D5.1 is the part of the on-goingWCs internal review process. It takes

stock and reviews the progress made so far anthesitthe case and feasibility studies
planed and started.
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EXECUTIVE SUMMARY

This document is Deliverable D5.1 of the Fifth-Feamork project OPUS. This review

indicates that the OPUS project is on course teeaehts objectives, even if it is slightly

delayed in the transformation of the conceptualkwoto operational software and cases.
Still, the recent advances for the case studiesldtalow the project to catch up with the
timetable.

The twin conceptual approach of a generally Bayeaproach supported by appropriate
metadata structures will substantially advance dtae-of-the-art of modelling in the
transport domain, especially through the furthervettgpment of domain specific
samplers. The case studies should provide plentyatérial to demonstrate the overall
usefulness of the approach.
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1. PURPOSE

The OPUS project is developing a general statisticamework to improve the
combination of complex spatial and temporal datenfisurvey and non-survey sources.
This approach is Bayesian in principle and ackndgés the structural relationship
between the variables of interest while accounsagpling and non-sampling errors.
The framework will be applied in a series of casd &asibility studies of increasing
complexity drawn from the transport and healthdisel

The technical annex describes the specific objeabivthis work package and therefore
deliverable as:
. Review of definitions of data flow to check conersty of the items and their interfaces

. Cross check of model assumptions and data situasimgy the later case study cities as
references

. Review of model assumptions with regards to reaésich acceptability for the case study
cities

based on input from all project partners.

The changes in the timetable and the results addasince the start of the project have

led to a readjustment of these objectives, so asaximise the contribution of the work
to the further progress of the project. The dekbée will focus now on:

. Review of model assumptions with regards to realisich acceptability for the case study
cities
. Identification of interactions between the case f@adibility studies

. Outlook towards the evaluation process to enshed this can be kept in mind during the
conduct of the case studies

The next section will briefly review the availalaleliverables followed by a discussion of
the approach and possible enhancements. The calesstas envisaged at this time, will
be sketched and their potential synergies idedtifiehe final section will discuss the
options for the evaluation. A final assessment willnd up the deliverable.
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2. BRIEFREVIEW OF THE APPROACH AND DELIVERABLES

The following substantive deliverables have bediveied at this time:

. D 2.1 Review of the relevant literature

. D 2.2 Identification of methodology and tools

. D 3.1 Proposals for metadata for generic suppastaifstical modelling in statistical data
bases

. D 3.2 Specification of the extensions of the LAT&@adbase system for the transport
domain

. D 4.1 Specification of pilot transport implementatimodel — Inception report

. D 6.1 Optimising the use of partial informationurban and regional systems

The motivation for the project does not need tordsated at length here, but a brief
reminder is appropriate. OPUS addresses one ofcéiral practical difficulties in
applied mathematical modelling: the diversity ofadgable data sources and their
unknown relative merits and accuracies. The mulétof sources, changing definitions
over time, ad-hoc or proper sampling processesugedata streams, which need to be
carefully weighted and considered when used. Censud example the following typical
subset for a strategic transport model:

. Land use data from (aged) administrative records
. Transport network data from a Navigation Systenvipler
. Capacities and (partial) flow-speed functions frguidelines

. Travel diary data on travel behaviour from a sanspleey of residents, often without a
detailed analysis of the non-response behaviotiv@mpopulation

. Brief screen-line surveys of visitors

. Samples of counts on selected roads and publisgaat services with unknown sample
and non-sample errors

OPUS is constructing an approach, which aims tauchent and integrate these data
streams and the resulting models while integrasingctural knowledge about the agent
and system behaviour. The twin objectives of miaugl while fully documenting
process, data, models and results is reflectelanwo streams of work undertaken so
far.

Deliverable 2.1 carefully reviews the literature a@ata fusion, with a particular emphasis
on transport applications. It identifigsaphical modelling, Kalman filtering and explicit
modelling of relative size of errors as buildingodts. It clearly identifies that the
graphical modelling, a Bayesian approach, needsetguided by general a-prior model
(GAPM) to impose structure and the benefit fromabeumulated domain knowledge.
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These ideas are developed and systematised inebahe D 2.2, where they are
supplemented by the tools identified to translais OPUS approach into application.
The combination of GAPM and graphical modellingighe core, while a sophisticated
understanding of the data problem informs the disicun. As alluded to above, natural
variation, measurement bias, indirect measuremedtren-response effects require a
complex specification of the graphical models. Tdiscussion highlights the need to
make a-priori assumptions about the error procaasses/ed. To guide further thinking a

seven level model is applied:

Level
1 Physcial What is the domain of discourse?
2 Conceptual What variables do we distinguish?cWhilo we want to
know?
3 Structure How do they influence each other?dWilaire observable?
4 Model How do we specify the relationships?

5 Statistical model Which measurement errors deovesider, and where?

6 Estimation Which algorithm can calculate the riatdes and
parameters?

7 Application

Given the research context and the potential lagerof the OPUS approach in the public
section, the relevant software tools identified apen source: R, BUGS and SCILAB,
while acknowledging that commercial software isuieed for specialised tasks, such as
the VISUM package of the project partner PTV foiwak algorithms.

Deliverables D 4.1 and 4.2 translate the generigragch into a specific transport
application, in which the project aims to estimateorigin-destination matrix for a part
of London. The domain specific requirements leadh® integration of the network
algorithms of VISUM into a specialised MCMC sampteoposed by Tebaldi and West,
1998. This application has since been finaliseda(®) its software will be expanded to
much larger problems in the later case studies.

The second strand of the deliverables also covemgrgl as well as the specific issues.
Deliverables D 3.1 and D 6.1 develop a new comprgikie approach for the structure of
documenting models, data and results in a Bayesibased modelling environment, as
sketched above for OPUS. Special care is givelmkothe concepts to the prototype
implementation using the Unified Modelling LangugteML).

The reasons for the shift from a unified data lhase systematic archiving of the London
case study using the NESSTAR/ddi combination ark avgued in Deliverable D 3.2.
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The same combination is also the basis for thecAioase study (Chalasani, Schonfelder
and Axhausen, 2002). While the flat file structafNESSTAR does not allow as many
sophisticated data base operations as a relatmmabject-oriented data base would,
these can be implemented if needed. The opennlesity @and easy access to the data,
also for the general public, is on balance preferdb addition, this structure allows the
project to prototype its model and results documgort approach mentioned above in
parallel with NESSTAR, which paves the way foriislusion into the later version of
the ddi Standard, on which NESSTAR is based (Axéawasnd Wigan, 2003).

With the results obtained so far, the project hatesnatically addressed its objective.
The combination of a new approach to documentatimh the systematic application of
Bayesian style approaches to data integration atiwhation is very powerful. The main
weakness at this point is the time gap betweenctreeptual development and the
implementations and case studies. Still, this gap the process of being closed through
the on-going work.

At the May 2005 workshop of the work package, tagues were raised with regards to
the theoretical and conceptual development: integraf the uncertainty attached to the
parameters of the structural models and the desmripf the history of the data files
used.

In the London test application and later in theecatudies we rely on travel time
estimates from the network models. While the flgwedicated from such models are
reasonably robust, the time estimates are lessasothe speed-flow relationships
embedded in the models are compromises betweenafaatcuracy and numerical
convenience. As a result they often receive lenh@bn, than they should. In addition,
the network models usually employ only a small nandf such functions for ease of use
and lack of data, which means the systematic lagasahrandom component arising from
the very diverse local conditions causing diffef@ndifferences between modelled and
observed speeds. The project will have to implentsntonceptual framework in a way
which properly accounts for such errors.

The metadata concept currently proposed is focuzsmthhe models and their results in a
very careful way. The next iteration of the conceyit have to extend this care to the
description of the history of the estimation datasf as generally a large number of
manipulations of the raw data occur before theysared for estimation (imputations,
removal of outliers, subsetting, recodings, trameftions and rescalings etc.). While one
could, in principle, apply the current metadatacept to each and every of these steps,
this would needlessly multiple the data sets, &edefore a consistent variable, item and
case history mechanism will need to be integratetie future.



OPUS REVIEW AND UPDATE OF THE MODELLING FRAMEWORK PAGE 7
| ST-2001-32471 DELIVERABLE D5.10 VERSION 1.2

3. CASE AND FEASIBILITY STUDIES

Project schedules and intentions have to be adjustmtinuously to reflect the
opportunitSies and constraints arising inside amidide the project; see for example the
use of the advanced NESSTAR system for the Londme study. The partners will
contribute the following cases to demonstrate tHeUS approach with realistically
scaled problems.

The Department of Epidemiology and Public Healthiraperial College will merge
transport data, emissions measures and healthdatk to improve estimates of the
impacts of vehicle emissions on public health & Morthampton. The key advance will
be the generalisation of the limited measurementie whole city and the integration of
time-of-day and time-of-year dependent effects.

The Centre for Transport Studies (IC) will expahd work started in Deliverable 4.2 to
substantially larger areas of London, incorporafingher data sources. A second case
study is still in the design stage (?), as the naartTransport for London is still
considering their options.

Systematica will also be addressing an origin-dattbn problem in the context of the
transport plan for the province of Lombardy. Hesbstantial origin-destination survey
information needs to be integrated with transpoodets and traffic counts to obtain
detailed flow estimates for a potential new riverssing.

The FUNDP will engage in a comparative study afaalitional parametric approach and
the Bayesian approach of the project. The probleimaad is the generation of a large
scale artificial sample of agents for later micnondation work. Using census
information FUNDP will create these samples anefcdily compare the results.

The World Health Organization will define potentiateas of application for OPUS
methods within the health domain. An area of rakeeato the development and
utilization of OPUS, that is particularly importatotthe health sector, is the modelling of
spatio-temporal exposure to health data.

ETH will undertake two case studies. The first cstsgly addresses the combination of
various data sources to obtain a consistent aherriestimate of travel. Currently three
sources provide information about the number @ules excursions and day trip (national
travel survey (Mikrozensus Verkehr 2000), natiommome and expenditure survey
(Einkommens und Verbrauchserhebung 2000) and tiaately funded survey Schweizer

Reisemarkt (Swiss Travel Market). These three mrerisistent in their scopes, partially
in the object definitions and their sampling praess The aim of this case study is to
integrate the partial information available in eachobtain a joint estimate of the

distribution of trip making for excursions.
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The second case study is based the strategic @rttaffic model (about 900 zones),

which has been developed at the IVT for the ye&@02W@sing both count information,

but more importantly speeds from a floating cadgtthe 2000 matrix will be updated.

The challenge is the integration of the variancé¢hefcounts and the model error in the
speed data, as the floating car data is generalsétke whole network using a suitable
spatially-aware regression model.

The possible third case study is similar in spgoithe work at FUNDP. If possible, the
IVT plans to extend an existing artificial samplé&hvinformation about mobility tool
ownership (car, bicycles, public transport seagtkets).

In spite of the range of the case and feasibititglies, one common theme is identifiable:
the interaction between network models and varlmisvioural data. The wish to apply
the OPUS approach to large scale networks will ireqthe scaling and further
development of the Tebaldi and West sampler tasteahetwork sizes. The expertise of
the partner PTV will be put to best use here.

Otherwise, the range of topics will help to demaatst the broad scope of the approach,

while it focus on transport question will help tdvance the application of Bayesian
methods in this field of study.
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4. INITIAL IDEASFOR EVALUATION

The on-going evaluation of any project work is esisé for the success of any project.
The focus so far in the OPUS was on the concepteratlopment, but with the shift to
the case studies other issues are moving to tleground. In advance of Deliverable D
12.1 Evaluation Plan this section will discuss #ikape of the evaluation process. As
discussed in the Zirich Consortium Meeting in Aghé evaluation will need to address a
range of questions:

. A qualitative assessment how far the initial objexs of the project have been achieved

. A gualitative and quantitative assessment of therdmution of the OPUS approach in the
case studies

The first part of the evaluation raises no spedhiellenges, but the second one does due
to the objectives of the OPUS project. The motoratbehind OPUS is the belief that the
systematic combination of data sources improvesetting by providing both more
precise estimates, but also by providing estimateke variances involved This second
element is not normally provided in transport médgland the project cannot fall back
on established approaches. The case study ewlsashould therefore have three
elements:

. Match against independent global indicators antlildigions, as suitable for the case (trip
length distributions, observed flows, volume ofrjoeys etc.)

. Differential improvement of the modelling resultsafunction of the amount and range of
data and data sources added to the original dataeso

. Qualitative assessment of the submodels and ddtimates of the variances of the
parameters and variable values.

The second element will require the case studiesystematically vary the additional
information brought to bear in the case study,hst their impact on the both the match
against the global indicators as well as agairestdriances can be assessed. It will also
require the case studies to hold back certain itetas, so that they retain independent
global indicators. The next iteration of the caselg descriptions should indicate these
data sets and the strategy for the differentiatirtgswhich is appropriate for the
individual case.
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5. SUMMARY AND ASSESSMENT

The review indicates that the OPUS project is amrs® to achieve its objectives, even if
it is slightly delayed in the transformation of tleenceptual work into operational
software and cases. Still, the recent advancethéocase studies should allow the project
to catch up with the timetable.

The twin conceptual approach of a generally Bayeapproach supported by appropriate
metadata structures will substantially advance dtae-of-the-art of modelling in the
transport domain, especially through the furthervettgpment of domain specific
samplers. The case studies should provide plentyatérial to demonstrate the overall
usefulness of the approach.
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