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An important note for the reader

The NZ Transport Agency is a Crown entity established under the Land Transport Management Act 2003.
The objective of the Agency is to undertake its functions in a way that contributes to an efficient, effective
and safe land transport system in the public interest. Each year, the NZ Transport Agency funds innovative
and relevant research that contributes to this objective.

The views expressed in research reports are the outcomes of the independent research, and should not be
regarded as being the opinion or responsibility of the NZ Transport Agency. The material contained in the
reports should not be construed in any way as policy adopted by the NZ Transport Agency or indeed any
agency of the NZ Government. The reports may, however, be used by NZ Government agencies as a
reference in the development of policy.

While research reports are believed to be correct at the time of their preparation, the NZ Transport Agency
and agents involved in their preparation and publication do not accept any liability for use of the research.
People using the research, whether directly or indirectly, should apply and rely on their own skill and
judgement. They should not rely on the contents of the research reports in isolation from other sources of
advice and information. If necessary, they should seek appropriate legal or other expert advice.
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API advanced programming interface
CBD central business district

Csv comma separated values

GIS geo-spatial information system
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Executive summary

The aim of this research was to find a practical implementation of a standardised reference network model
that would support normalising diverse network representations of selected data sources, and support
presentation of the information within the context of a standardised reference transport network model.

Based on an extensive review of standards and standardisation efforts around the world, this research
project came to the conclusion that existing data standards only focus on either data exchange or
application oriented data storage and do not support the key requirements of the New Zealand Transport
Agency.

Through ‘thinking outside the box’ and experimenting with new ideas the project developed a reference
network standard founded on the idea of utilising geometry as an identifier for road network elements as
well as operational transport data. The model allows users across departments to utilise varying granularity
that suits their requirements without jeopardising the consistency.

By linking data sources through geometry, the reference network allows the geo-spatial mashing of data
independent of unique identifiers of any subsystem. Therefore, data governance can remain with its owner
and small changes will not have an adverse effect on operations. Contrarily, it fosters a culture of building
high-quality data sets by cutting down on dependencies that are most commonly the culprit for model
degradation and data redundancy.

As a part of the research project work, a web-based demonstrator was developed to showcase the internals
of the proposed network model. Further research could include the development of an analytics platform
based on the proposed data standard with the aim of driving collaborative innovation in network analysis
across authorities and academia.
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Abstract

As transport network operations become more and more time critical the requirement for knowledge of
the performance and state of the network becomes more significant for decision support. Sensor
technology is advancing quickly, particularly with respect to the ‘Internet of Things’, and there are
significant amounts of data and information generated by a number of internal and external sources that
relate to transport network and require processing. An inherent embedded component of the data sources
is information about the transport networks themselves. Typically, this spatial attribute is developed to
meet the specific needs of an application leading to diverse representations of the same transport
network.

There is a lack of transport specific data analysis platforms that are resilient to change, are lightweight
and cost efficient to maintain. Analytical tools are often tied to specific proprietary systems that
compromise adaptability and create latency in terms of keeping up with the rapidly changing
developments, and indeed in representing transient changes in transport networks.

This report proposes a method that will support normalising diverse network representations of selected
data sources, and support presentation of the information within the context of a standardised reference
transport network model.



1 Introduction

1 Introduction

1.1 Motivation

Progress in sensor technology provides an increasing amount of data for our transport networks every
year. From remote sensing information of our infrastructure (Jin et al 2012) to sensor data from the roads
and intelligent transport system (ITS) installations that provide information of movements, speeds and
travel times across the network. The challenge is, how to utilise the data in a timely fashion to enhance
our ability to anticipate network performance and to act accordingly, rather than being limited to
analysing the performance in the aftermath. Despite the large amount of data available, operators of roads
and public transport services are still struggling to get the most out of it. Real-time decision support for
network operation (Casas et al 2013; 2014; Nantes et al 2016) is deployed in various places, but there is
still the need to overcome data issues (Abadi et al 2015).

A key issue is the lack of standardisation in transport data, both for storing operational measurements
and the transport infrastructure itself. Further, data sets describing network operation and data sets
describing the transport infrastructure develop independently with vastly different speeds. While
infrastructure and its attributes change slowly, the enhancements in technology drive a fast change of
data in operations. To overcome the drawbacks of missing standardisation and different development
speeds, this paper proposes a framework, that detaches data and analytics into two independent
components that can be developed independently and communicated through a high-level programming
interface. This approach enables network operators to take advantage of new technologies quickly, while
maintaining infrastructure descriptions. All transport and infrastructure data is compiled into a network
abstraction layer that retains geo-spatial information, focuses on vehicle movements, and is routable to
support user set query parameters.

This project aimed to develop a specification for a sustainable data model for historical and real-time
analysis of transport operations. It was not an effort to build a transport model for the New Zealand
transport network and it included no efforts to rebuild or interfere with existing transport models in the
agency. The focus was to establish guidelines/specifications towards a sustainable, high-quality, software
agnostic data standard that informs business process in the mid to long term. The data standard defines the
format and meaning of data stored for network operations analysis.

1.2 Status quo in network analysis and standards

Today, network analysis is highly data driven, using the vast amount of measurement data from sensors
such as inductive loops, Bluetooth, cameras, OptaSense?! and traffic control systems. As roadside
measurement data and control systems by nature provide non-geospatial information, it is mapped into a
pre-defined set of nodes and links, or transferred into a geo-spatial information system (GIS) for easy
visualisation and further analysis. The process of mapping the data to a network is the key issue with
network analysis, as there is no single network nor a single source that is the foundation for the various
networks existing across departments. Once mapped, any application that supports network analysis
evolves into an organically grown environment that has no links to other applications and endures high
maintenance costs, as mapping tables have to be maintained and updated regularly to keep the

1 http://optasense.com



Data standards for the New Zealand transport network

application functioning. Those costs also lead to a lack of longitudinal datasets for network analysis, as it
is only feasible to maintain the latest version of the model due to the management effort required to keep
change logs around for comparing today’s performance with last year’s.

Networks are changing, datasets are changing and requirements for network analysis are changing.
Therefore, it is necessary to establish a robust and sustainable process to create network models that
adapt over time, are backwards compatible, and can cope with minor changes without disrupting day-
today business for network analysts. Network models describe the transport infrastructure and associate
operational data in an abstract manner to allow efficient analysis for operational decision support.

1.3 Goal

The goal of this project was to identify and address the core issues for consideration in building and
maintaining a reference network model. These included but were not limited to:

* factors to be considered in maintaining the currency of the model, eg what is an appropriate
granularity for defining the model

® cost implications for maintaining the model, such as managing changes

®* impact on data quality, such as changes to the model over time, and effects of granularity on data
stored

* fitness for purpose, eg ability to index diverse data sets without constraining them
® relationship to GIS, while being agnostic to GIS
* support for user queries of data sets, eg automatic cost base routing of the network model.

This provided many challenges that have been categorised in chapter 2 into technical and business
requirements and comprise the core requirements of the data standard.

10
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2 Core requirements

2.1 Technical requirements

This section provides an overview of the technical requirements for data management, interoperability and
performance that a standard for the New Zealand transport network needs to comply with.

2.1.1 Data management

This project, while broad in its considerations, has a traffic operations focus and therefore, requires any
applicable standard to deal efficiently with real-time data and to build and maintain meaningful historical
data sets.

Traffic operations data includes a vast amount of information from various sources. Table 2.1 lists the
minimum set of data sources to be considered with a priority rating. A high priority dataset is required to
perform common traffic operations analysis; medium priority datasets add context; and low priority
datasets are not necessary for traffic operations, but would allow a deeper understanding of the transport
model as a whole.

Table 2.1 Considered data sources

Area Data type Value Sensors/source Priority

Operations Point data Speed Inductive loop High
Double inductive loop
Camera
Radar

Operations Line data Travel time Bluetooth tracking High
GPS tracking
Mobile phone activity
Fibre...

Operations Point data Occupancy Inductive loop High

Operations Point data Volume Inductive loop High
Camera...

Road safety Point data Crash/incident TMC report High
Police report...

Operations Point data PT schedule at stop PT operators High

Operations Line data PT lines PT operators High

Operations Polygon data Signal phasing and timing STREAMS High
Scats...

Operations Line data Emergency vehicle paths Emergency services Medium
GPS tracking...

Operations Area data Events Various Medium

Line data Road closures...
Point data
Asset Line data Surface condition Asset management Medium
Asset Point data Defects Asset management Medium

11
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Area Data type Value Sensors/source Priority
Environment Polygon data Weather Bureau of Meteorology Medium
Environment Polygon Water levels (flood) Bureau of Meteorology Medium
Planning Polygon data Digital cadastre Various Low
Planning Polygon data Land use Land-use planning Low
Planning Polygon data Investment Investment programme Low

Note: PT = public transport; TMC = traffic management centre; STREAMS = intelligent transport system platform by
Transmax

In addition to the data type and source, it is important to consider the availability of the data as well as the
timeliness of the information provided. Raw and adjusted data is valuable for historical analysis, while
timely data is required for real-time analysis, even if it requires on the fly filtering. The ideal data standard
would be able to store data in different processing stages to allow fast access when needed, and correct
and check values for historical, off-line analysis.

This leads to a requirement for strong data governance and associated responsibilities. As soon as data is
stored in more than one location, the maintenance efforts to keep the information current increase
exponentially. There is a trade-off to be made between full control of the data (ie creating a data silo) and
accessing data that is out of one’s responsibility. The full access has many short-term advantages that
allow data optimisation, manipulation and mashing (ie overlaying and combining two or more data sets
into a new one), but this comes at the cost of maintenance.

Finally, the lifecycle of data is an important consideration. Commonly, transport network data is stored in
its current state, and operational data goes through a cycle of aggregation over time. While this was a
necessity when data storage was costly, it prevents analysts from learning from the past. Trend analysis
and forecasts based on such data are rendered useless if the data cannot be matched to an operational
state of the transport network at a particular point in time. Congestion relief could be part of improved
signal control monitoring, but could also be related to changes in public transport or city development. To
answer these types of questions one requires a longitudinal dataset that provides context information for
the operational measurements. The ideal data standard allows movement back and forth in time
considering the changes to the transport network and services.

In summary, with regards to data management, the data standard for New Zealand's transport network
should provide:

® richness of included data sources

® raw real-time data and corrected historical information

® a balanced trade-off between dynamic linked datasets and own data storage
* the ability to handle longitudinal datasets.

The following outlines the requirements for the standard to be able to serve more than a purpose build in
the long term.

2.1.2 Interoperability

A data standard differs from an interface as it aims to provide broad usage beyond a single purpose
implementation. Traffic operations data and the analysis of it is input to various applications such as:

® real-time decision support for operations

12
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* (online) traffic simulation for operations

* real-time dashboard and other reporting

® traveller information

®* transport planning

®* asset management and maintenance

® data-driven decision support for infrastructure investment.

To open and provide information to all these applications, the datasets need to be linked together through
a common reference. As transport networks are commonly captured in a GIS, mapping to a location seems
straight forward but has the following issues:

* granularity: what is the right level of aggregation to enable detailed analysis without losing the ability
to maintain currency of the model?

* diversity: it is common for transport agencies to deal with several GIS base models at a time
depending on the area or mode of transport, so which one to choose?

* timeliness: due to the diversity of GIS base models, changes can take time and cripple or break real-
time analysis processes

* fit for purpose: a one-fits-all base GIS limits the ability to optimise analysis processes.

With this in mind, the chosen data standard should be able to be referenced from a GIS to build visuals
and maps, but not be dependent on a base model provided through the GIS teams. Any dependency would
cause issues during updates of the GIS base model, as any data would need to be remapped to align
again. In the interim, data consistency is not guaranteed and could cause unexpected results. The ideal
candidate for a standard would provide a reference for the data that provides topology and connectivity
based on vehicle/traffic movements. While focus is on road usage, it would be desirable to be able to
include various modes of transport and to link between them. Further, the reference model (ie a model
that is independent from the GIS base, but can refer to it geometrically) should come with a complete set
of rules to ensure the reference network is built consistently and can be maintained without deep
knowledge of the linked data structures. Possible rule sets could be based on:

®* New Zealand road classification standards

* Austroads? road classification standards

®* harmonic (dynamic) segmentation based on (capacity, geometry, route choice...)
* static segmentation, or others.

Standards are also evaluated by how they can be integrated into existing 3rd party applications, the
availability of advanced programming interfaces (APIs) to build new interfaces, and out-of-the-box export
features to common data formats such as comma separated values (CSV), Excel, structured query
language (SQL) and so on. In summary, with regards to interoperability, the data standard for New
Zealand's transport network should:

* provide a reference system to link various data sources in time and space

* provide interfaces and/or export functionality to common data format

2 www.austroads.com.au
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®* Dbe GIS compatible, but
®* not create a competing GIS base model for the transportation network.

The next section considers performance requirements of the standard to ensure it is sustainable.
2.1.3 Performance

Considering the increase in transport demand and the need to operate our network to its potential, any
new data standard for the transportation network of New Zealand requires high levels of flexibility,
scalability and security. New technology will keep challenging standards to incorporate the information
they are able to absorb, there will be more and more data flowing into transport operations centres, and
the data will over time relate more and more to individual travellers.

Every standard will be judged on these upcoming demands in relation to the cost implications of achieving
the level of service they provide. The more abstract a standard, the more flexible and sustainable it will
be, but the costs of utilisation of such a standard come with high setup and maintenance costs as it
requires deep knowledge of the standard, its options and limitations. Straightforward implemented
standards will come at a cheaper start price, but bare the risk of becoming obsolete over time. All
standards should allow secure storage of information, either by default or option, as data security for
transport infrastructure and into operation will become more sensitive.

In summary, with regards to performance, the data standard for New Zealand's transport network should:
* be flexible in its design and not constrained by a fixed data scheme

®* Dbe based on a sustainable platform (ie adopt to new data sources and requirements)

* allow end-to-end encryption of data

* apply efficient data storage management

®* maintain responsiveness with a forecasted data load for future years.

With the main requirements worked through, the following section looks more closely at the business
requirements that inform this project.

2.2 Business requirements

As mentioned earlier the goal of the project was to establish a data standard for the New Zealand
transport network primarily for road operations with the focus on real-time and historical analysis. Key
requirements for its application, identified through stakeholder consultation, are:

* real-time interrogation of operational data from various sources

e off-line analysis of network operations

® user queries across multiple data sources

* configurable cost-based routing, selection and zoning

® ability to query on the fly during meetings (desired)

® provision of data and analysis results in common data exchange format.

These user base requirements are bound by limitations and restrictions based on business process within
the NZ Transport Agency (the Transport Agency), such as:

14
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* no interference with existing GIS models
® agnostic to proprietary software and software components.

While these are the short-term goals of the projects, any standard should have a long-term view.
Therefore, the standard design aims to inform and hopefully guide other parts of the Transport Agency to
use the standard as guidelines for business change over time to increase the benefit of intelligent and
sustainable data management for transportation networks. The heritage of linear asset management and
practice of patching new technology to fit the ‘old’ has led to an environment that does not support or
enable change easily. The ideal standard would not be limited to operational data alone, but would be
broader in scope. A modular standard without inter-dependencies that can advance with its users would
be the ideal.

2.3 Evaluation framework

To ensure a developed or adopted standard meets the requirements established for this project, it needs
to be evaluated objectively. Given a project timeframe of 12 months it is not feasible to consider every
challenge in detail, but to take into account core requirements, such as:

* network model has granularity to represent the road network sufficiently to perform directional flow
analysis

* network model is resilient to network changes and can be adapted at low cost

* network model uses linked data sources and business rules for data accessibility rather than
additional data storage infrastructure

* network model is able to handle diverse data sets without constraining them

* network model has a relation to GIS but remains application agnostic to any specific GIS

* network model can support user queries of data sets, such as automatic cost-based routing
* network model supports time series data rather than only a single point in time data

The requirements above are considered the core requirements for any proposed way forward.
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3  Solution design

This chapter focuses on the design of a solution that conforms with the requirements outlined in the
previous chapter. It provides a review of existing solutions and approaches with their advantages and
disadvantages, focusing on GIS and mathematical models, as these are the most suitable for building the
foundation for a network analysis focused data standard. A network analysis platform is proposed that
consist of two major elements: a network model that describes the infrastructure and a tool box that can
host several analysis algorithms.

3.1 Review of existing solutions and approaches

Barcelo et al (2010) discuss the need for standardisation for traffic data and its collection, and Tamminga
et al (2012) followed up on standardised exchange of data to enable frameworks that can adapt to change
and are resilient to missing information. As standardisation, especially across departments, cities or even
countries take extended periods of time and are often redundant by the time they are implemented, most
efforts today fall back onto solutions from GIS (Abdul et al 2016), structured text formatted data such as
GeolJSON (Butler et al 2016) and mark-up languages, such as CityGML (Grdger et al 2014) or OpenDRIVE
(Richter 2015). Only a few projects use mathematical representations, as they usually do not link to the
infrastructure geometry and make data visualisation and data exchange more challenging.

3.1.1 Geo-spatial information system data

A GIS is a computer system for capturing, storing, checking and displaying data related to positions on the
earth’s surface. A GIS can show many kinds of data on one map, which enables people to see, analyse, and
understand patterns and relationships.

With GIS technology, people can compare the locations of different things to discover how they relate to
each other. For example, using GIS, the same map could include road surface conditions, and crash sites.
Such a map would help people determine black spots in the road network.

A GIS can use any information that includes location. The location can be expressed in many ways, such as
latitude and longitude, address, or zip code. Many different types of information can be compared using a
GIS. The system can include data about people, such as population, income, or education level. It can
include information about land use, and it can include information about sites such as storm drains, roads
and electric power lines.

3.1.1.1 Data and GIS

Data in many different forms can be entered into a GIS. Data that is already in map form can be included
in a GIS. This includes information such as the location of rivers and roads, hills and valleys. Digital, or
computerised, data can also be entered into a GIS. An example of this kind of information is data collected
by satellites that show land use - the location of farms, towns, or forests. A GIS can also include data in
table form, such as population information. GIS technology allows all these different types of information,
no matter their source or original format, to be overlaid on top of one another on a single map.

Putting information into a GIS is called data capture. Data that is already in digital form, such as images
taken by satellites and most tables, can simply be uploaded into a GIS. Maps must be scanned, or
converted into digital information.

A GIS must make the information from all the various maps and sources align, so they fit together. One
reason this is necessary is because maps have different scales. A scale is the relationship between the
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distance on a map and the actual distance on earth. A GIS combines the information from different
sources in such a way that it all has the same scale.

Often, a GIS must manipulate the data because different maps have different projections. A projection is
the method of transferring information from the earth’s curved surface to a flat piece of paper or
computer screen. No projection can copy the reality of the earth’s curved surface perfectly. Different types
of projections accomplish this task in different ways, but all result in some distortion. To transfer a
curved, three-dimensional shape onto a flat surface inevitably requires stretching some parts and
squeezing other parts. A world map can show either the correct sizes of countries or their correct shapes,
but it cannot do both. A GIS takes data from maps that were made using different projections and
combines them so all the information can be displayed using one common projection.

3.1.1.2 GIS maps

Once all the desired data has been entered into a GIS, it can be combined to produce a wide variety of
maps, depending on which data layers are included. For instance, using GIS technology, many kinds of
information can be shown about a single city. Maps can be produced that relate information such as
average income, car ownership and travel patterns to a spatial representation. Any GIS data layer can be
added to or subtracted from the same map.

GIS maps can be used to show information about number and density. For example, a GIS can be used to
show how much congestion there is in different areas compared with the travel demand. They can also
show what is near what, such as which homes and businesses are in areas prone to flooding.

With GIS technology, one can also look at change over time. Satellite data can be used to study topics such
as how much of the polar regions is covered in ice. A police department can study changes in crime data
to help determine where to assign officers.

A GIS often contains a large variety of data that does not appear in an onscreen or printed map. GIS
technology sometimes allows users to access this information. A person can point to a spot on a
computerised map to find other information stored in the GIS about that location. For example, a user might
click on an intersection to find lane configuration, traffic controller in use, or phasing of the intersection.

GIS technology makes updating maps easy. Updated data can simply be added to the existing GIS
program. A new map can then be printed or displayed on screen. This skips the traditional process of
drawing a map, which can be time consuming and expensive.

People working in many different fields use GIS technology. GIS maps can show a region’s future needs for
public services like parking, roads and electricity. There is no limit to the kind of information that can be
analysed using GIS technology, but one should note a GIS does not create the dataset that is being
analysed.

3.1.2 Structured text formatted data

To avoid being locked in to software-specific data formats a growing number of data sets are stored in a
structured text format. These formats can be parsed by various applications and are human readable,
which increases significantly the ability to reuse the information over a long period of time. The following
introduces the most common structured text formats used for data exchange.

3.1.2.1 Comma separated values

In computing, a CSV file stores tabular data (humbers and text) in plain text. Each line of the file is a data
record. Each record consists of one or more fields, separated by commas. The use of the comma as a field
separator is the source of the name for this file format.
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The CSV file format is not standardised. The basic idea of separating fields with a comma is clear, but that
idea gets complicated when the field data may also contain commas or even embedded line-breaks. CSV
implementations may not handle such field data, or they may use quotation marks to surround the field.

In addition, the term ‘CSV’ also denotes some closely related delimiter-separated formats that use
different field delimiters. These include tab-separated and space-separated values. A delimiter that is not
present in the field data (such as a tab) keeps the format parsing simple. These alternate delimiter-
separated files are often even given a .csv extension, despite the use of a non-comma field separator. This
loose terminology can cause problems in data exchange. Many applications that accept CSV files have
options to select the delimiter character and the quotation character.

The common format and MIME type for CSV files (RFC 4180) proposes a specification for the CSV format,
and this is the definition commonly used. However, in practice the term ‘CSV’ might refer to any file that:

* is plain text using a character set such as ASCII, various Unicode character sets (eg UTF-8), EBCDIC, or
Shift JIS

* consists of records (typically one record per line), with the records divided into fields separated by
delimiters (typically a single reserved character such as comma, semicolon or tab; sometimes the
delimiter may include optional spaces)

®* has the same sequence of fields in every record.

Within these general constraints, many variations are in use. Therefore, without additional information
(such as whether RFC 4180 is honoured), a file claimed simply to be in CSV format is not fully specified.
As a result, to utilise the data one should write a script or program to produce a conforming format based
on the meta data of the CSV file.

3.1.2.2 (Geo) JavaScript object notation

JSON (JavaScript object notation) is a lightweight data-interchange format. Like XML it is easy for humans
to read and write. It is easy for machines to parse and generate. JSON is a text format that is completely
language independent but uses conventions that are familiar to programmers of the C-family of
languages, including C, C++, C#, Java, JavaScript, Perl, Python and many others. These properties make
JSON an ideal data-interchange language.

GeolJSON is an open standard format designed for representing simple geographical features, along with
their non-spatial attributes, based on JavaScript object notation.

The features include points (therefore addresses and locations), line strings (therefore streets, highways
and boundaries), polygons (countries, provinces, tracts of land), and multi-part collections of these types.
GeolJSON features need not represent entities of the physical world only; mobile routing and navigation
apps, for example, might describe their service coverage using GeoJSON. The GeoJSON format differs from
other GIS standards in that it was written and is maintained not by a formal standards organisation, but by
an internet working group of developers.

3.1.3 Mathematical representation

Another way to store transportation data is in the form of a mathematical model. Mathematical models are
optimised to store data for calculations, such as simulation. When looking at large-scale transport
models, the cell transmission model, proposed by Carlos Daganzo, is popular for analysing traffic
phenomena. For more analytical tools the data is commonly stored in vectors, matrices, or data cubes for
fast interrogation though mathematical processes. Mathematical models are generally utilised within
applications where they are set up once and produce ongoing results such as in micro/meso modelling of

18



3 Solution design

traffic at operational level forecasting models. They are generally not made for data exchange or to
accommodate data outside the immediate scope.

Generally, all geo-spatial enabled data formats can represent the road network accurately, with some
including connectivity on link and/or lane level for routing. What most standards fail to capture is the
change to the network overtime, which enables before and after performance studies at a more granular
network level. This is because most standards are built with a specific application in mind, and are
optimised to perform best for this application. While this is a reasonable strategy, the major drawback is
loss of flexibility to adapt to changes in those applications over time.

3.1.4 Sample implementations

This section provides a snapshot of publicly accessible transport data to provide more transparency into
the decision-making process of transport agencies. The list is compiled to provide an overview of
different directions the agencies have chosen around the world. When looking at examples of data
standard implementation it becomes clear that the majority are data warehouse applications based on
structured text or GIS information for common use or software package based data for specific purposes.
No standard specific for transport or network data is reflected in the implementations.

3.1.4.1 Department of Internal Affairs, New Zealand

The New Zealand Government’s open data website data.govt.nz is a collection of datasets from various
areas, including transport. Datasets are provided mostly as CSV files through HTML or through a web
based API.

Figure 3.1 Screenshot of the open data portal from the New Zealand Department of Internal Affairs
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The data does not follow a consistent standard, and is provided in a tabular format that is then exported
into CSV. While the data is easily human readable, accessing the data programmatically requires individual
processing that connects the data sheets with meta data that makes is accessible for further processing.

3.1.4.2 German Aerospace Centre, Germany

The Clearing House of Transport Data at the Institute of Transport Research within the German Aerospace
Centre is not an open data portal and focuses rather on data discovery. The idea is to make collected data
available for research and practice and to reduce the cost for collecting redundant data.

19



Data standards for the New Zealand transport network

Metadata can be browsed freely to allow users to become familiar with the dataset. If the dataset suits the
user’s needs, they can place an order at the site that will be re-directed to the owner of the dataset.

Figure 3.2 Screenshot of the transport data clearing house from the German Aerospace Centre

i bR Clearing House Transport

News R senaniercamens [ Pt

ois Rapoiory Clearing House of Transport Data at the Institute of Transport (VEu-qmqwm-
Data Portais Research (DLR) kehr
Onor honiny Daca
pianving, and poi e in & dotatod ifomason about aflc
Advice & Sendce idonts and maiiny behaviou. Consequently, here s an equaly large and verse rarge of siaistcs In Zussmmenarbeit
i ana wromn. mit:
lrmac users o (e useti infarmaton, The
- at e DLR Insiute of serves as 0 hat

ol 28 hosa Who wish 10 1340 advaniage of fese rSSarch rasus, Thase NGuse Rt s nstitions,
bt raMic pianars ano policymaksrs a5 wel

Data affering

The sata offering prevides numibar of data sets. meta data as wall s
- the oamar of sach

data set must approw access 10 the tata el

Haw do you access data?

s [r— e owrar
o the data, 1he roieased dath s ubialy provided ta D cuslomes n the form of 8 CO-ROM sen via reguiar mad

Contact

@ Clearing Housa for Transport Data
Garman Asrosgace Cormor (DLR)
Insus for Transpon Researc

Berin

To provide a standardised set of metadata, the website adopts the Dublin Core Schema. The Dublin Core
Schema is a small set of vocabulary terms that can be used to describe web resources (video, images, web
pages etc), as well as physical resources such as books or CDs, and objects like artworks.

3.1.4.3 Economic and Social Research Council, United Kingdom

The UK Data Service website, like other government websites aims to provide as much data as possible to
research and the public to benefit from external analysis. The UK has been a pioneer in aggregating
various data portals to standardise access and governance of the data sources. This has led to an increase
in data usage and registration of new data sets in a short period of time. The data provided is commonly
structured formatted text that requires parsing for usage in analysis. While text files remain readable, the
lack of a strict format and meta information provides a risk for consistency.

Figure 3.3 Screenshot of the open data portal from the Economic and Social Research Council
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3.1.4.4 Delft University of Technology, The Netherlands

A different approach was taken by the team behind the Regiolab Delft website, which provides transport
data to researchers and government for analysis. In addition to the datasets, which mostly consist of
minute by minute traffic flow data from motorways in the region formatted as CSV files, the website also
offers analysis tools and a library of scripts that can be downloaded for off-line analysis.

Figure 3.4  Screenshot of the transport data portal of Regiolab Delft
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Regiolab Delft has its roots in the need for preserving collected data for research and trend analysis and is
funded by local and federal government since 1999.

3.1.4.5 University of Tokyo, Japan

The International Traffic Database, hosted by the University of Tokyo in Japan, is the result of a
collaboration between Japan, Europe and the United States of America. The goal of the project was to
provide calibration datasets for emission models in the three regions to provide trust among researchers
and governments that the local emission models are accurate.

Figure 3.5 Screenshot of the International Traffic Database
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The project highlighted that traffic data (eg detector and vehicle type data) is not sufficient to understand
vehicular flows. Network data is required to be able to replicate findings and results. As the project team
did not standardise the network data, the utilisation of the information provided was limited. Efforts to
extend the dataset with network information are ongoing. The data available is in CSV format and is
standardised across the three regions. The standard is not compatible with any other standard and hence
only valid for sources from this site.

3.1.4.6 Interactive Map Portal lowa, USA

The Interactive Map Portal from the lowa Department of Transportation is a GIS-based web portal, built
using the ARC GIS platform from Esri3. Various traffic measurement data and vehicle information is
presented in a geo-spatial web interface that users can browse through.

Figure 3.6 Screenshot of the Interactive Map Portal from lowa
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Not all data is available for download, but open data can be exported into shape files and other structured
plain text formats such as CSV and GeoJSON.

3.1.4.7 Caltrans Performance Measurement System, USA

The Caltrans Performance Measurement System (PEMS) was one of the first web portals to provide real-
time information of the traffic network to the public and allow data download for off-line analysis. The
project was driven by the notion that data driven decision support is only possible if you collect data and
allow data to be accessible and to be transparent in policies.

Despite push-back from many transport authorities, the PEMS site has shown that opening data to show
the status quo of the transportation network can lead to better investment in data collection infrastructure
with support from the public and agencies.

3 Esri is an international supplier of GIS software, web GIS and geodatabase management applications, based in
Redlands, California.
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Figure 3.7 Screenshot of the PEMS website in California
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3.1.5 Common analysis tools

While data warehouses provide rich data sets in various sensor or application-oriented formats, they are
generally not designed to enhance analytical capabilities, but for data exchange only. To provide analytics
from raw data one requires additional analytics software. Generally, there are two types of analytics
software package:

* specialised software packages (ie visualisation, modelling)
* mathematical toolbox based systems.

While specialised software packages typically provide an easy to use interface, they have limitations
regarding data manipulation. When utilising these software packages one must understand they are not
visualisation tools, such as GIS, but mathematical software packages that allow processing of data in
various ways. These systems require advanced knowledge in mathematical modelling and techniques
despite their user friendliness to provide reliable and useful outcomes.

The following provides a brief overview of two systems commonly used in research and practice. The
specialised software package Tableau, and the general mathematical toolbox MATLAB.

3.1.5.1 Tableau

Tableau is a data analytics software that allows visual data interrogation through drag and drop. It is built
for speed and ease of use to spot visual patterns in data. Data can be sourced from spreadsheets, SQL
databases, Hadoop or cloud services and combined without writing a single line of code. The software is
used by various transport agencies (eg Singapore Land Transport Authority, TransUrban) to investigate
traffic patterns in the network. A key benefit of Tableau is its ability to blend disparate data sources with a
couple of clicks, which makes it easy to provide visual representations in graphs, maps and charts.

3.1.5.2 MATLAB

The MATLAB platform is designed to solve engineering and scientific problems with a matrix-based
language and a series of mathematical tool boxes that allow for data manipulation and analysis. It
provides a powerful tool for computation and visualisation, but in comparison to Tableau leans more
towards a programming or development environment rather than a data interrogation platform. MATLAB
scripts can be exported as Java code for integration in software applications and hence provide an easy
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entry to deploying software based on prototype implementations of new algorithms. While analytical
models such as MATLAB allow for simulation, specialised packages for traffic simulation such as Aimsun
provide significant advantages in respect to ease of preparing the input data and collection of results.

In general, tools for analysing data in transportation acknowledge the fact that they come from various
sources and allow data connections to databases, local files and cloud storage. Recent developments, such
as IBM Watson (High 2012), Tableau (Murray 2013), Power Bl (Hart 2017) and Spotfire (Kaushal et al 2004)
provide interfaces to multiple sources via simple drag and drop actions. The risk of these systems is the
lack of control over data quality. Like traffic simulation models that, without careful calibration and
validation, provide solutions that are not useful, these big analytic platforms can provide misleading
results if not used with care.

3.2 Network analysis platform

Based on the reviewed material it became clear that the goals of this project did not align with an existing
standard. The application driven standardisation efforts could only provide partially what was required and
it was necessary to explore new ways forward. The need to represent data visually to provide easy to
understand information of complex relationships is the strength of GIS, but these systems are not
designed to create new datasets based on traffic flow theory, and are generally limited to filtering and
geo-spatial manipulation. Data exchange formats allow for an easy exchange between analysis tools, but
system-wide standardisation is required to benefit from it. Mathematical models are key to cleanse raw
data, to filter out information from raw data and to provide algorithms that turn this information into
knowledge. This feature is not part of any exchange format or GIS, but would benefit from the capabilities
of both.

A sustainable standard for the New Zealand transport network should not be limited to an application but
rather describe a transport network analysis platform (see figure below) that can exchange information
with existing data warehouse solutions through common data exchange format, manipulate and analyse
those inputs, and finally, be able to export results into format that can be visualised in a GIS environment.
Expanding the data standard for the New Zealand transport network to a network analysis platform
provides a sustainable pathway into the future. Introducing a middleware layer that enables
standardisation on a higher, more abstract level allows for the integration of new data sources over time,
as well as integrating new algorithm and interrogation methods as research progresses. Data and its
sources have been and will keep changing rapidly, with more and more information becoming available
through new sensor technology and reduction in production costs of the devices. This will enable new
ways to analyse the transport network over the years to come, and any standard to be introduced
nationally should be able to adapt accordingly.
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Figure 3.8 Proposed network analysis platform
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It is recommended to build standardised interfaces based on physical and economical processes as well as
on aspects of asset management. These interfaces should be used to feed data into the platform, to
manipulate the data, and to create results based on user defined queries. As they do not rely on specifics
of data or algorithms, these interfaces can be maintained over time by adding bridges for new data
sources as they become available.

All computational results as well as data within the network analysis platform should be accessible
through GeoJSON exports as it is a machine and human readable standard that is designed to preserve
geo-spatial context of data. The two key elements of the framework, the network model and analysis
toolbox are defined in more detail below.

3.3 Network model

The approach for the network model is to take a traffic flow-oriented spatial representation, rather than
the physical road network. The model describes flows between terminals (origins/destinations) using
routes. Routes consist of one or more paths that are linked to an underlying representation of the physical
road network including topology, connectivity and direction. Paths are connected through switches or
hubs, depending on the knowledge about split fractions, to represent merging and diverging flows.
Therefore, the network reference model is geo-spatially based on the physical road network, but
independent from it to make it resilient to change and/or errors. All network elements have a unique
identifier, and have a timestamp for their activation and retirement to capture longitudinal changes in the
network. The following sections describe the elements within the network reference model.

3.3.1 Hubs

Hubs connect flow paths where traffic is merging or diverging. Hubs, in contrast to switches, have no
knowledge about the distribution of flows between the connected paths.
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Figure 3.9 Illustration of a hub connecting flow paths

Hub

Table 3.1 Hub definitions

Attribute Description

hub_id UUID that uniquely identifies the area

Format: 36 characters (32 alphanumeric characters and four hyphens) as
per Open Software Foundation standard

active_from Timestamp in GMT that indicates the start of utilisation/or initialisation
Format: YYYY-MM-DD hh:mm:ss

active_until Timestamp in GMT that indicates the end of utilisation
Format: YYYY-MM-DD hh:mm:ss

name Free text up to 255 characters (ie intersection identifier)
comment Free text up to 255 characters for comments

geometry Point of hub as latitude and longitude

3.3.2 Path

A path is a connection between hubs, hubs and terminal, terminals and switches, and switches and hubs.

Figure 3.10 lllustration of a flow path
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Table 3.2 Path definitions

Attribute Description

path_id UUID that uniquely identifies the connector

Format: 36 characters (32 alphanumeric characters and four hyphens) as
per Open Software Foundation standard

active_from Timestamp in GMT that indicates the start of utilisation/or initialisation
Format: YYYY-MM-DD hh:mm:ss

active_until Timestamp in GMT that indicates the end of utilisation
Format: YYYY-MM-DD hh:mm:ss

from_id UUID of the terminal, hub, or switch where the path originates
to_id UUID of the terminal, hub, or switch where the path ends
name Free text up to 255 characters (ie street or area identifier)
comment Free text up to 255 characters for comments

geometry Linestring that represents the path

3.3.3 Route

Routes are a collection of one or more paths between terminals.

Figure 3.11 Illustration of a route between terminals
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Table 3.3 Route definitions

Attribute Description

route_id UUID that uniquely identifies the connector

Format: 36 characters (32 alphanumeric characters and four hyphens) as
per Open Software Foundation standard

active_from Timestamp in GMT that indicates the start of utilisation/or initialisation
Format: YYYY-MM-DD hh:mm:ss
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Attribute Description

active_until Timestamp in GMT that indicates the end of utilisation
Format: YYYY-MM-DD hh:mm:ss

path[] Array of path UUIDs that uniquely identify the route.

name Free text up to 255 characters

comment Free text up to 255 characters for comments

3.3.4 Switch

Switches, like hubs, connect paths and contain information about the distribution of flows between the
connected paths.

Figure 3.12 lllustration of a switch connecting flow paths
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Table 3.4 Switch definitions

Attribute Description

switch_id UUID that uniquely identifies the link
Format: 36 characters (32 alphanumeric characters and four hyphens) as
per Open Software Foundation standard

active_from Timestamp in GMT that indicates the start of utilisation / or initialisation
Format: YYYY-MM-DD hh:mm:ss

active_until Timestamp in GMT that indicates the end of utilisation
Format: YYYY-MM-DD hh:mm:ss

paths[] Array of path UUIDs that connect to the switch

fractions]] Split fractions, corresponding to path array

name Free text up to 128 characters for comments

comment Free text up to 255 characters for comments

geometry Location of switch
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3.3.5 Terminal

Terminals are origins and destinations within the real physical network that are of interest for analysis.
Terminals do not represent just a single point, but the general area with a given radius (ie CBD).

Figure 3.13 Illlustration of terminals on a map
-w
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Table 3.5 Terminal definitions
Attribute Description
terminal_id UUID that uniquely identifies the link
Format: 36 characters (32 alphanumeric characters and four hyphens) as
per Open Software Foundation standard
active_from timestamp in GMT that indicates the start of utilisation/or initialisation
Format: YYYY-MM-DD hh:mm:ss
active_until timestamp in GMT that indicates the end of utilisation
Format: YYYY-MM-DD hh:mm:ss
radius maximum radius for node aggregation
name free text up to 128 characters for comments
comment free text up to 255 characters for comments
geometry location of terminal
3.3.6 Sensor

Sensors are data availability markers that represent access to a data source about the path itself (ie
detectors, BT scanners, counts, costs). A path can have one or more sensors with any combination of
underlying data. A radius attribute for each sensor is added to allow for aggregation of data from various
sources or detection systems (ie multiple loops, cameras). Note that sensors also include settings of
control elements, such as traffic lights, variable message signs (VMS) and others as they act as an input to

the system.
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Figure 3.14 lllustration of sensors collecting data on a flow paths
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Path 1
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Table 3.6 Sensor definition
Attribute Description
sensor_id UUID that uniquely identifies the marker
Format: 36 characters (32 alphanumeric characters and four hyphens) as
per Open Software Foundation standard
active_from Timestamp in GMT that indicates the start of utilisation/or initialisation
Format: YYYY-MM-DD hh:mm:ss
active_until Timestamp in GMT that indicates the end of utilisation

Format: YYYY-MM-DD hh:mm:ss

sensor_type

Data type

data_format

Format of data

dynamic_link

End-point of data access

geometry

Location of sensor

Sensors also include the settings of control elements, such as traffic lights, VMS and others as they act as
an input to the system.

3.4 Analysis toolbox

The initial minimum analysis toolbox allows the user to create the network model, and a cost-based

routing algorithm that enables users to route the network based on impedance provided by any attribute

available. There are two ways to create a network reference model: creation from terminals, or creation

from sensor data. While the first builds mainly on GIS information, the second considers the overall

knowledge of the flows in the network, which can potentially lead to a set of unconnected network

reference models.
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3.4.1 Network creation from terminals

Creating the network reference model with terminals is the standard approach, as it follows a more
traditional GIS-based creation of a network model. The starting point is a map of the area in any desired
resolution.

Figure 3.15 Illustration of terminals placed on a map interface
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On this map, the user is adding terminals, which are points of interest that are used as origins and
destinations of flow to be analysed. Terminals are not fixed locations in a GIS sense, but merely indicators
of an area of interest.

Figure 3.16 Illustration of connecting path between terminals

However, the density of terminals in any given area will affect the resolution of the reference model: For a
transport planning application, the CBD of Auckland could be one terminal and the analysis would show
aggregated measures for travel from and to the CBD. This would probably not be enough detail for traffic
operations, which is more concerned with the utilisation of the network in the CBD and surroundings. Such
analysis would require a higher density of terminals for the CBD area.

Once the terminals are placed, the latitude and longitude of their position are extracted and passed to a
mapping tool that overlays the terminals onto the latest GIS network model available. Ideally, the GIS
network model has sufficient information to extract road configuration and lane by lane connectivity
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throughout the network, but as a minimum requirement it should be routable. Closest neighbour search
within the GIS model provides an array of GIS nodes that are included in the terminal area of interest.
Those nodes are then aggregated into a GIS area that is used for building routes.

Figure 3.17 lllustration of a simplified flow path
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Routes are determined by running an algorithm for finding shortest paths in a weighted graph. Depending
on the level of detail provided by the GIS network, the weights are based on free-flow travel time, road
hierarchy and distance. The abstract construct of a route stores the path based on the GIS base model
geometry, but remains independent from it as it does not take over any identifiers, hence is resilient to
any changes being made within the GIS model going forward. For example, if route 1 between terminal 1
and terminal 2 is represented today by one single path (path 1), but in future, due to the construction of
an alternative route, through three paths (path 1, path 2 and path 3), the created network model would
not be affected, as geometry has not been altered. Results and map-based visualisations remain valid.

Figure 3.18 Illustration of routes containing several flow paths
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However, the flows of route 1 might significantly change and cause issues with the analysis as the system
is unaware of the change in the physical road network. To prevent this, a regular update of routes is
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recommended. Hence, a route between two terminals is based on paths that share the geometry of the
latest GIS reference.

Figure 3.19 Illustration of flow paths splitting
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If sensor data is available for routes, and is updated independently from the GIS base layer, it is possible
to detect network changes due to anomalies in the measurements. Considering a path between two
terminals with a single sensor on it: If a new road/intersection is added to this path, and is relevant to the
overall network performance, the sensor on path 1 would report abnormal numbers that would trigger an
alert. If a second sensor was added to the new road to measure influx from the added road, the system
would detect a violation of flow conversation on the link, and report the issue with an approximate
location of the abnormality (ie between the two sensors).

3.4.2 Network creation from sensor data

An experimental, but more holistic approach is to build the network model from sensor data. This enables
users to get a better understanding of the information available throughout the transportation network.
The starting point is again a map of the area in any desired resolution. The next step, however, matches
sensors with the latest GIS base model to generate paths with a given level of information based on the
presence of a sensor.

Figure 3.20 Illustration of hubs and switches across the network
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By looping through all links with high information, and running a routing engine to each terminal, every
path is assigned an information value. Along the path, information can increase or decrease based on the
network element that is passed along the way.

Figure 3.21 lllustration of information flow through hubs and switches
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For example, if traffic flow is measured across an arterial road that leads into a roundabout with three
exits that are not monitored (ie hub), the assumed knowledge of traffic flow after the roundabout
decreased significantly. If the exits are equipped with sensors (ie switch), the level of confidence in the
traffic flow information remains high.

The result will be one or more connected networks, representing the level of knowledge one has. This step
can be done for various attributes and inform decisions on investment in detection required for a better
understanding of the transport network. While this approach has many advantages over the standard GIS
approach, it requires a high level of detail on detection equipment when it comes to placement and
coverage. Unfortunately, this level of detail is not standard nor best practice in agencies around the world
and would require a significant investment in time and effort.

Figure 3.22 Illustration of confidence in data through network

3.4.3 Cost-based routing

User queries that use cost-based routing require the selection of at least one data set that contains the
attribute(s) to be used as link impedance. A modified Floyd Warshall algorithm (Hougardy 2010) calculates
the shortest path between all network nodes and the result can be interrogated visually by the user.
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3.5 Alignment with core requirements

Reflecting on the core requirements set out by the project steering committee, this section shows if and
how the requirements are met.

3.5.1 Accurate representation of the road network

The proposed network model carries the geometry attributes from the GIS base, and maintains this
attribute for its lifetime. Hence, when any results of analytics on the network model are exported to a
mapping system or GIS, the alignment with the road network is maintained and only limited by network
changes due to construction work or other infrastructure changes.

3.5.2 Network model represents traffic flow

During the process of generating the network model from GIS base data, a directed graph that aligns with
possible vehicle movement through the network is built. So, independent from GIS construction rules (ie
one link per direction, bidirectional links), the network model can represent traffic movements and is able
to export these to a map environment.

3.5.3 Network model allows user defined routing

As routing analysis with user-defined cost functions was a priority, the network model graph allows for
user-defined values as an impedance for edges. Values are required to be positive to ensure that standard
algorithms like Dijkstra can be used without checks for negative loops.

3.5.4 Resilience to network changes

By carrying the geometry of a path, rather than a reference to a GIS link, the proposed network model is
resilient to not only minor, but any change to the network and representing GIS. To align the network
model with a new or changed GIS model, the two are joined by location. For major changes, further
manual editing might be required, but minor changes, such as alignment or link splitting, are handled
without user interaction.

3.5.5 Ability to deal with a variety of data sources

The proposed network model includes a sensor element that acts as an abstract container for transport
data in JSON format. Adding a new data source to the platform requires a one-time generation of a
descriptor for the source that can be used from that point onward. Sensors are not limited to
measurement data, but can also include information actively provided to road users.

3.5.6 Agnostic to (proprietary) software packages

The solution is based on common and open standards that do not require a licence or proprietary
software component to work. Export to proprietary formats, such as ESRI shapefiles, is possible if desired,
but it is recommended to leave the core independent and text based for sustainability. Most third party
software that deals with visualisation and/or analytics of data has import filters for GeoJSON and would
allow direct integration out of the box.

3.5.7 Avoiding data replication
Sensor elements of the network model can retrieve data from existing databases, web services and manual

upload. Hence, it is possible to harvest existing data stores without duplication. Dependencies to data
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sources out of immediate control will require arrangements that outline the availability of the data over
time to ensure access.

3.5.8 Provision of longitudinal data-sets

With geometry being the underlying reference between the network model and the real world, a frequent
re-occurring generation is recommended to ensure minimal adjustments over time. Large construction
projects and network changes can lead to loss in GIS data that has been preserved in the network models
to allow before and after analysis.
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4  Platform prototype

A platform as proposed in chapter 3 requires a minimum development effort of six month to provide the
basic infrastructure and functionality. To accelerate this process, a platform prototype that replaces the
interface with more limited connectivity was developed as a web application consistent of a visualiser and
backend to showcase the network model and its performance.

4.1 Visualiser

The visualiser is built as a web application and uses the OpenlLayers framework (Perez 2012) for
visualisation, as it allows easy access to basic maps as well as GeoJSON based layers. While the network
model itself is independent from the map layer, it is a helpful tool to provide information to users.

Figure 4.1 Screenshot of the map- based visualisation
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Users are able to add data as new layers, create new data-sets through cost-based routing, and to edit
and export the results in a GeoJSON format.

Figure 4.2 Screenshot of data visualisation in the demonstrator
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4.2 Backend

The backend of the prototype consists of a Postgres database with an interface that communicates
through the visualiser with the user.

Figure 4.3 lllustration of the backend components

Visualiser

Postgres
Database

el Toolbox

While this design is sufficient for a prototype, a full scaled system would require a more scalable and
robust setup.
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5 Conclusions, recommendations and future
research

5.1 Conclusions

The purpose of the project was to develop a New Zealand data standard that provides a cost-effective,
robust and sustainable solution for transport network analysis. The core requirements were that the
standard:

® uses existing data as a foundation without the need for redundancy, to provide cost-effective data
management

® supports existing business processes, to avoid changes to day-to-day business that could result in
resistance to adoption

* provides flexible data schemas to adapt to change, to build a sustainable solution that is robust to
changes in data formats

® is agnostic to proprietary software and software components, to avoid lock-in into software
environments.

After reviewing existing standards and analysing standard approaches around the world, the project
concluded that data standardisation alone would not provide the required benefits and a more elaborate
platform was needed to enable network analysts to provide up-to-date decision support in a cost-
efficient and sustainable way.

The researcher accordingly sought to find a method that would support normalising diverse network
representations of selected data sources, and support presentation of the information within the context
of a standardised reference transport network model. Such a method comes with various challenges.

When considering the factors in maintaining the currency of the model (eg what is an appropriate
granularity for defining the model), it is most important not to break the physical connection between the
physical transport network and the data that is collected in various formats from multiple sources. The
proposed solution leverages the power of GIS to work with geo-spatial relationships without depending on
any specific GIS in particular. Instead of using unique identifiers for network elements and data points, the
proposed solution stores information against a geometry. This powerful connection allows varying levels
of granularity among users without breaking the fundamental relationship between the network and its
data.

Small network changes (ie link splitting, realignment of geometry) will have no effect on operational
analysis, and adding sensor or other data sources does not depend any longer on links, path, or section
sizes. Therefore, the reference model itself can adapt over time to increase overall data quality without
having an impact on operations.

Similar benefits are shown when considering the ability to add diverse datasets without constraining them.
When linking a data set to the reference model, the user defines a geometry (ie point, path, area) and
direction to enable mapping of the information on a geo-spatial level. If implemented across the
department, data collections can be mashed on a geo-spatial level without the loss of governance of the
data itself. However, it should be noted that business processes are required to ensure continuity of data
access.
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There is a key difference between the proposed reference model and a GIS. While a GIS is similar to any
other database driven by object identifiers (IDs) that can be mapped to other data, the proposed model
links data purely by location and direction, using the physical transport network as a common base. Data
is mapped to a location and needs to be mapped to an ever-changing GIS model repeatedly over time to
maintain an ID level mapping. However, this is only necessary to maintain a reference model for historic
comparison, as it provides snapshots of the infrastructure over time.

Further, the proposed reference network supports user queries of data sets like cost-based routing of the
network model. With geometries being the glue between data and the physical road network, a myriad of
routing possibilities opens up to the users (eg select all VMS for traffic approaching incident A).

Sections 5.2 and 5.3 outline recommendations and future research steps to enhance this work.

5.2 Recommendations

Initial results show it is possible to build a network model based on existing GIS and sensor data that is
resilient to minor changes, cost efficient and software agnostic. As a next step, it is recommended to
implement a full version of the prototype, using one of the big cloud platforms (eg Google, Amazon, MS
Azure) for fast deployment. Platform deployment should be to enterprise standards to ensure outcomes
are ready to use in a real-world setting.

Figure 5.1 Design of full- scale implementation of analysis platform
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A full-scale implementation as depicted above, would run on a fully managed cloud platform that does
not require dedicated hardware and can be scale dependent on the demand. Users connect through a
browser to the platform. The browser uses a visualisation engine to provide feedback to the user based on
results and functionality provided by the application engine. The application engine connects various data
sources, ranging from databases to on-the-fly data uploads, with big data query engines that are readily
available in the cloud platform, such as BigQuery, CloudSQL and CloudStorage for non-SQL data
transactions. The main application can be updated over time to increase capabilities and analysis
performance.
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Further, to promote the work and to receive input from other agencies, it is recommended to open the
platform to synchronise efforts, resources and ideas. Joined development would provide a more cost-
effective and timely establishment of best practice and standardisation.

The open platform should further provide a sandboxed access to trial new developments and explore
future directions in a safe environment that does not affect the production version.

5.3 Future research

If the platform is established, future research should focus on enhancements in analysis tools and
automated reporting. By providing real-world data access to research groups, and encouraging them to
use the provided standardised interface the advances in network analytics tools could be boosted
significantly. New solutions could be used and tested before moving them into the production version.
Enabling this future research would require:

* establishment of the platform

* developing public facing APIs

* developing guidelines for tool developments

* developing rules of engagement to avoid intellectual property issues.

With these in place, the platform could quickly become a thriving hub for network analysis.
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