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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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Executive summary

This research was undertaken as part of the 2012/2013 NZTA Research Programme, as one of the
technology solutions research topics. The key research question was to understand how the measurement
and sharing of more accurate roading locations could be made routine, readily available and affordable in
New Zealand conditions.

The research provided an understanding of the location technology requirements of key providers to the
NZ Transport Agency (‘Transport Agency’) and of the Transport Agency itself, a review and evaluation of
location technologies suitable for use on the highway, and the outputs of an engagement process with the
wider industry to understand lessons learnt from the implementation of location technology. Based on
this, we formulated a set of conclusions and recommendations.

Key performance indicators (KPIs) were developed to better understand the location technology requirements
of the Transport Agency and key stakeholders. This process revealed a preference for accurate, affordable
technology that was easy to use. A recommendation arising from this exercise is to review the KPIs and
requirements on a regular basis to ensure the needs of the industry continue to be met.

The literature and technology review highlighted the on-going development of location technology
methods and applications. It is recommended that this report or elements of it are kept current and that
regular updates are scheduled.

The evaluation process highlighted technology that showed the most potential for immediate wider use.
This included mapping grade global navigation satellite systems (GNSS) and consumer grade GNSS
augmented with mobile geographic information systems (GIS) and accurate aerial imagery. In-depth trials
within a small number of provider organisations are recommended, to understand how these systems can
be more widely used.

There are other future technologies that show great promise. These include GNSS augmented with Locata
type ground-based constellations and other wireless networks in areas of low GNSS coverage, as well as
the wider use of ground-based LiDAR surveys. It is recommended that these technologies are tracked, and
that the potential to trial some of these in the near future, or to undertake a more in-depth review, be
considered.

Engagement with the industry identified a number of elements that facilitate the successful
implementation of location technology. These include the support of upper management, training on
appropriate use, organisational guidelines, safety assessment for in-vehicle use, awareness of staff privacy
and dedicated staff to manage the overall process. It is recommended that these findings are also updated
in location technology guidelines in the future.

Little evidence was found in current Transport Agency manuals regarding the use and accuracy
requirements of location technology. It is recommended that more specific guidelines and requirements
are incorporated into upcoming manual updates and a certification system for location technology
requirements is implemented. It is also recommended that once the Transport Agency has defined its
requirements, the providers take responsibility for choosing the most appropriate technology for a given
situation.



Accurate and affordable location technology for New Zealand

Abstract

A potential gap between available location technology and its use on the ground was identified in the
New Zealand land transport sector. This research sought to bridge that gap and support the NZ Transport
Agency’s (‘Transport Agency’) goal to increase the use of appropriate location technology by its key
providers. Consultation with these was undertaken to understand the requirements for location
technology and any lessons learnt from previous implementations. A literature and technology review and
evaluation identified suitably accurate and affordable location technologies for use in road asset
management in New Zealand.

Mapping grade global navigation satellite systems (GNSS) and consumer grade GNSS combined with
mobile geographic information systems and imagery were found to be the most appropriate options for
immediate use. Other promising technologies include augmenting GNSS with ground-based networks like
Locata or other wireless systems (Bluetooth, WiFi, ultra wide-band). There is also potential for the wider
use of ground-based LiDAR for desktop surveys.

The use of these technologies requires clear guidance. It is recommended that current Transport Agency
manuals are updated to include guidelines for the use of location technology, with clear accuracy
requirements. This will assist providers in choosing the most appropriate location technology for a given
situation.
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1 Introduction

1.1 Objectives

The purpose of this research project, undertaken in 2013, was to assess the suitability of different types
of location technology for use by the New Zealand Transport Agency (‘Transport Agency’), its key
providers and other operators in the wider New Zealand economy. This will allow the Transport Agency
and other road controlling authorities to establish spending options and priorities.

The principal objectives of the research were:
1 To develop a guide to location technology through a comprehensive literature and industry review

2 To establish the requirements of the Transport Agency and key stakeholders through the development
of location technology performance indicators, with a strong focus on accuracy and affordability

3 To evaluate and rank the different location technology elements against the performance indicators

4 To define a roadmap to enable the better use and implementation of location technology in the
transport sector.

1.2 Background

There is currently a wide variety of organisations and individuals that make use of location technology in
New Zealand. In a roading context, these stakeholders include:

* the Transport Agency

® territorial and regional councils

® transportation consultants and contractors

®* public transport operators

* post, freight and courier companies

* vehicle rental companies

® tourism operators

* emergency services (police, fire service, ambulance and civil defence).

Each of these groups uses location technology to find and record locations of works and infrastructure, or
to direct personnel to specific locations to install, repair, pickup, deliver, or attend crashes or incidents.
Accordingly, the accuracy of spatial data is important, and becoming more so with the increasing reliance
on this information for everyday use. However, roading-related location technology and location
infrastructure services are not integrated across the transport supply chain, and the quality and coverage
is not sufficient to supply consistently accurate data across New Zealand at all times.
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In particular, within the New Zealand transport asset management sector, the Transport Agency expressed
a requirement for location technology to be accurate to 3m or better, for 99% of the time, over the entire
state highway roading network. A consumer grade global positioning system (GPS) is only accurate to
around 5m-20m, and coverage and reception can be limited by the topography and atmospheric
conditions. Differential GPS can improve the level of accuracy, but the industry has currently deemed this
option too expensive to adopt. Survey quality instrumentation can deliver accuracy in the centimetre
range, but is substantially more expensive. Other potentially cost-effective solutions are currently being
investigated and developed, for example, mapping grade global navigation satellite systems (GNSS) with
software to enable recording of assets.

During the initial project workshop, the Transport Agency requested that the emphasis for this research
should be on the use of location technology by roading contractors and consultants rather than by other
parts of the transport supply chain. Although the technology reviewed and evaluated in this document is
relevant in other areas, our focus throughout the research was on this target group.

1.3 Need for the research

The need for the research was driven by a combination of:

1 Increasing reliance on location technology by road users in New Zealand to both accurately record
locations along the road network, and to direct personnel to specific locations

2 Lack of integration of location technologies across the transport supply chain

3 A need to improve both the accuracy and coverage of location technology, both in terms of area and
timing, at an affordable cost

4 A desire to increase the collection of location information, by Transport Agency providers, using
absolute rather than relative location technologies.

Critical to the ability to target this funding is the need to understand the attributes of the different
location technologies available.

The broader spatial information industry was estimated to add $1.2 billion of value to New Zealand’s
economy in 2008. Improving the spatial data infrastructure was estimated to add a further $481 million of
value-added output to the economy (ACIL Tasmin 2009). More informed and appropriate use of location
technology will lead to more accurate and accessible spatial data, and to greater economic benefits.

1.4 Methodology

The field of location technology is an area of rapid advancement and the industry will benefit from
periodic updates of the research as new technologies become available. Detailed documentation of the
methodology used in this project will help streamline any updates. An overview of the methodology is
given in figure 1.1 on the following page.
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Figure 1.1
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1.4.1 Technology and industry review (A)

The review of available location technologies involved four key steps:

1 Initial literature review and stakeholder workshop. Prior to the stakeholder workshop an initial high-
level literature review was undertaken to determine a typology of the main nodes of technology to be
investigated. The stakeholder workshop provided insight into the types of technologies and
performance requirements of interest to the Transport Agency and the project steering group.

2 Literature review. A reference database of relevant academic and grey literature (informally published
written material such as reports and brochures) was collated and different location technologies were
reviewed.

3 Industry review. Parallel to the literature review, users of location technology within or related to the
transport industry in New Zealand were sent an information request via email and some industry
representatives were involved in a more detailed interview. This industry engagement provided local
input to the technology review as the literature was predominantly sourced from overseas. The
information request was sent to 52 organisations, with a response rate of about 50% with only 12
useful responses. The other responses provided very limited information which was not useable. The
request sought information about the type of location technologies used by that organisation and also
asked some questions around affordability, accuracy, ease of use and track record (the information
request is provided in appendix A). The more detailed interviews were conducted with six stakeholder
organisations (Fulton Hogan, Downer, Opus International Consultants Limited (Opus), RAMM Software
Limited, the New Zealand Police and the New Zealand Fire Service) either in person or over the phone
and focused on barriers and enablers for the implementation of location technology within an
organisation (the interview schedule is provided in appendix B).

1.4.2 Sector engagement (B)

In addition to the industry interviews described above, a steering group workshop was held early in the
project to clarify the objectives and define a set of performance indicators against which different
technologies could be measured. The steering group was asked to provide feedback on some of the key
modes of technology types under review during the workshop and the technology review. This ensured the
research was grounded against the requirements of the key industries that would benefit from it. The
workshop was attended by staff from Fulton Hogan, Land Information New Zealand (LINZ), the Ministry of
Transport, the Transport Agency and Opus.

1.4.3 Assessment criteria (C)

A draft set of performance indicators was documented during the workshop, refined by the project team,
and then sent back to the steering group for review (the performance indicators are detailed in full in
chapter 3). This process resulted in a set of 12 performance indicators, each with parameters for
determining a high, moderate or low classification.

1.4.4 Evaluation (D)

The evaluation process involved a number of steps to make the process as efficient as possible:

12
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* Fatal flaw analysis - first, the long list of technologies identified in the review phase was shortened by
eliminating technologies that were highly unlikely to be implemented on the highway network in
New Zealand. In some instances a technology ranked highly but had one shortcoming rendering it
unsuitable (a ‘fatal flaw’). Based on the performance indicators, if a technology had very low accuracy
and/or repeatability, was extremely expensive, or showed little future promise, it was discarded at this
stage.

® Technology summary - the remaining technologies were then categorised into technology bundles or
groups in preparation for the evaluation phase. Location technology is rapidly advancing, so for the
longevity of this report it was deemed of little worth to specifically evaluate a certain make or brand of
technology but rather the general category that technology falls within. For example, GNSS-enabled
smartphones were reviewed as a group, rather than by particular brands, such as iPhones.

* Evaluation - the technology bundles were compared against each of the performance indicators and
given a high, moderate, or low rating for each indicator. This evaluation was undertaken by a senior
geospatial specialist and a surveyor, and was reviewed by another senior surveyor and a research
scientist. The output of the evaluation was a classification of different technologies in terms of how
effectively they match the requirements of the Transport Agency and key stakeholders.

1.4.5 Recommendations (E)

The recommendations were based on the outputs of the evaluation process detailed above, a more in-
depth discussion of some of the most suitable technologies, and relevant information obtained from the
interviews with key stakeholders. This also includes an implementation roadmap that includes
recommendations for enhancing the uptake of new technology based on the engagement process and
literature review.

13



Accurate and affordable location technology for New Zealand

2 Literature and technology review

Technology to locate people or objects accurately on the earth’s surface has been rapidly evolving over the
last 30 to 40 years, primarily spurred on by the introduction of the GPS and advancements in computer
science, particularly the rise in mobile computing technology. There are many ways to categorise location
technology, partly because of its evolving nature but also due to the overlap and integration of many
different technologies. The typology of location technology categories adopted for this review is outlined
in figure 2.1. Other comprehensive reviews of location technology that provide good context for this
research include: Zipf and Jost (2012), Munoz et al (2009), Sahinoglu et al (2008), Samama (2008) and
Bensky (2007).

Figure 2.1 Typology of location technologies reviewed
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Inertial Navigation Systems
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2.1 Global navigation satellite systems

GNSS has become a ubiquitous location technology with applications appearing on a wide range of devices
in numerous industries. GNSS is an umbrella term for all satellite-based positioning systems, the most
well-known of which is GPS, managed by the US government. There are numerous other systems ranging
from fully operational to proposed, including the Russian global navigation satellite system (GLONASS);
Galileo, being developed by the European Union; the Chinese Beidou or Compass system; the Indian
regional navigational satellite system; (IRNSS), and the Japanese quasi-zenith satellite system (QZSS).

Each GNSS consists of an array of satellites orbiting the earth, which are accurately tracked by ground
control stations spanning the globe. The original GPS design contains two ranging codes: the
coarse/acquisition (C/A) code, which is freely available to the public; and the restricted precision (P) code,
usually reserved for military use. Satellites transmit codes via a carrier frequency, either 1575.42 MHz
(10.23 MHz x 154) called L1 or 1227.60 MHz (10.23 MHz x 120), called L2. The majority of civilian GPS
devices track the C/A code on the L1 frequency, while more expensive survey grade GPS devices are also
capable of tracking the L2 frequency (Uren and Price 2010). Each frequency has specific capabilities, eg
the L1 frequency includes the C/A code that allows tracking of the L1 carrier phase; the L2 frequency has
only the P(Y) code (protected), and consequently the L2 carrier phase cannot be tracked directly. There are
also advantages in being able to track multiple frequencies from the same satellite.

14



2 Literature and technology review

GNSS positioning is based on ground-based receivers (combinations of hardware and software) that track
the radio signals of the numerous satellites orbiting the earth, using accurate clock technology and the
measurement of satellite to receiver distances to derive a location. To provide clarity to the following
discussion, GNSS devices have been grouped into three basic categories:

®* Consumer grade - devices that are typically cheap, easy to use and generally lower accuracy.

* Mapping grade - devices that generally have higher quality hardware and firmware, are designed for
professional mapping use, and make use of more advanced positioning techniques. They generally
have better accuracy and precision than consumer grade devices.

® Survey grade - these are at the top end of the accuracy spectrum and normally have very high quality
hardware and firmware and use the most accurate positioning systems. They are designed for use by
professional surveyors.

It is impossible to clearly define these categories because as new devices and technologies become
available the boundaries between them become blurred and some devices will have characteristics from
more than one category. Nevertheless it is a useful tool for general discussion.

In addition to the classification above, the GPS system is undergoing a programme of modernisation with
modern GPS satellites having capability to broadcast a new range of codes and signals. While the
timeframes are dependent on the replacement of the older satellite fleet, the US government web site
http://gps.gov contains a clear summary of the proposed changes and outlines some expected
timeframes. Although the benefits of this future technology have yet to be thoroughly researched and
published, a summary of the proposed changes from the GPS.gov website are as follows.

Table 2.1 GPS signal changes and timeframes
New signal name Brief description Expected availability:
L2C Enables quicker and more accurate position resolution - Around 2018 on 24
particularly for professional users with dual frequency systems. satellites
L5 L5 is the third civilian GPS signal, higher powered and with Around 2021 on 24
greater bandwidth. Through a technique called tri-laning, the satellites

use of three GPS frequencies may enable sub-meter accuracy
without augmentation.

L1C Full operational date for this signal is a long way in the future Around 2026 on 24
but it is intended to enhance interoperability between GPS and satellites
other satellite navigation systems

The new signals are expected to increase the accuracy and performance of GPS in environments such as
urban canyons and under vegetative canopy where positioning is currently unavailable or subject to
significant errors (Mullenix et al 2009). The advent of L5 in particular may bring down the cost of high-
accuracy units dramatically so that their benefits will be available to wider application (Gakstatter 2010).

The implications of GPS modernisation in the New Zealand context is still a matter for conjecture with little
solid research available on the timings. Expecting reliable benefits from any of the signals before most of
the 24 satellites are operationally broadcasting the new signals is optimistic as New Zealand is unlikely to
be a high-priority coverage area. In order to utilise the new signals and codes GNSS receivers will need to
be capable of receiving, interpreting and processing them. As the signals become available it is likely that

15
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new hardware will allow for increased positioning accuracy. As new hardware becomes available further
research will be required to confirm the accuracies in the New Zealand environment.

Some of the examples outlined in this section are partially bundled because GNSS technology is
incorporated into other devices (for example, tablet PC, ruggedised device) or devices that have software
or hardware features that make them suitable for capturing road assets. There are numerous devices that
fall within each of the positioning types but specific devices are not evaluated because of the rapid
changes in the devices available. Rather, specific applications of the types of devices are considered for
their use in a transport asset management in a general sense.

2.1.1 Issues affecting coverage and precision

There are numerous potential error sources that can affect the performance of any type of GNSS device.
Figure 2.2 displays some of the most common, which are also explained below:

*  Sky availability. At least four satellites need to be tracked by any GNSS device to derive a position
(Uren and Price 2010) and tracking more satellites typically results in greater accuracy. Trees and tall
buildings can obscure the sky and prevent the receiver from detecting coherent signals from satellites,
reducing the number of satellites available for use in position calculations, and in some cases
preventing the receiver from being able to compute its position. Receivers that are able to track and
use all available satellites (for example, GPS + GLONASS) perform better in situations with limited sky.
Limits on satellite visibility can be countered by enhanced tracking systems such as Trimble’s
‘Floodlight’ system (Trimble.com 2012).

* Satellite configuration. If the number of visible satellites is limited and/or the geometry (positions in
the sky) of those that are visible does not support a good resolution of position this will affect the
accuracy of any derived positions. Position dilution of precision (PDOP) can be used as an indicator of
how well the satellite geometry at the time of measurement is suited to the calculation of an accurate
position (Uren and Price 2010). Mapping and survey grade receivers report this at observation time,
with some consumer grade receivers loosely converting this into a distance accuracy measure. The
GPS satellite constellation utilises orbits that are not optimised for New Zealand, so positioning is
often more problematic than documented in international literature.

®*  Multipath issues. GNSS receivers calculate position from the radio signals received from satellites so
any interference with the path of those signals by reflection will introduce errors into the position
calculations. Higher quality mapping or survey grade receivers typically have software enhancements
that analyse and reduce the effects of this source of error as well as hardware enhancements (ie choke
ring antennae), while lower grade receivers tend to have less capability to resolve errors. Multipath
reflection errors are difficult to identify and can cause significant errors in positioning, for example in
built-up urban areas.

16
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Figure 2.2 GNSS signal propagation
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Receiver

Source: Jeffrey (2010), p20.

* Jonosphere and troposphere delays. The radio signals arriving at a GNSS receiver have travelled from a
satellite and through the atmosphere before reaching the receiver. The speed at which the radio
signals travel is affected by atmospheric conditions. The positional error in code measurements (see
below) introduced by the signals travelling through the ionosphere! is typically around 10m but it can
be as large as 150m (Uren and Price 2010). Fortunately, it is possible to remove a significant portion
of the ionospheric error when two or more signals are measured (for example L1/L2, or in the future
L2/L5 or L1/L5). However, at present it is only possible to measure more than one signal with
expensive survey grade receivers. The other significant atmospheric effect on the GNSS signals is
troposphere? delay. Troposphere delay errors are capable of introducing errors of around 2m to 3m at
zenith (ie when the satellite is directly above the receiver) into code-based positioning (Uren and Price
2010). The troposphere error is typically reduced with an increase in altitude, but it increases with
increasing zenith angle (ie if the radio frequency travels from a horizontal position directly towards
the receiver, the error would be more significant).

GNSS observables are subject to the error sources outlined above and some of the positioning methods
make use of various hardware, software and measurement techniques to enable varying levels of

! The ionosphere is the layer of earth’s atmosphere 50km-1000km above sea level.

2 The troposphere is the layer of earth’s atmosphere Okm-15km above sea level.
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positioning accuracy. Generally speaking, higher accuracy positioning systems are more expensive to
purchase and/or require more complicated procedures to obtain accurate results. The following sections
give a brief explanation of common GNSS positioning techniques.

2.1.2 Single point positioning

Single point positioning is the simplest form of GNSS positioning. Most low-cost GNSS compute the
distance (or range) to each satellite by tracking the C/A code. The distance from the GNSS receiver to each
of the known satellite positions is then used to calculate the position of the GNSS receiver. Basic
autonomous (absolute) locations derived from this technology are typically in the order of 5m to 20m
accuracy using most consumer grade devices (Uren and Price 2010).

2.1.2.1 Consumer grade devices

This category of single point positioning devices typically used in transport asset management includes
recreational GNSS receivers, smartphones and car navigation systems. Typically these receivers are used to
derive a position which is sometimes displayed on a base map. The majority of these systems will enable
simple storage of points. Consumer grade GNSS is used regularly throughout the transport supply chain
for work requiring low accuracy. Examples of some receivers capable of this level of positioning in

New Zealand include: Garmin Oregon, Garmin eTrex, Magellan Triton, Apple iPhone, Samsung Galaxy,
Nokia Lumia, Tomtom Via series and Garmin Nuvi series.

Wing et al (2005) undertook an accuracy assessment of numerous recreational GNSS devices. Each of the
devices was tested in open sky, relatively open canopy forest and closed canopy environments. The results
of the positioning averaged out over all tested environments for the various devices at 95% confidence
limits ranged from around 4m to 13m. However, the values in the closed canopies (poor sky visibility)
were noticeably larger ranging from 10m to 40m (95% confidence).

Zandbergen (2009) undertook an assessment of the positioning accuracy of an iPhone, making use of its
consumer grade GNSS, cellular network positioning and WiFi positioning using data that was available at
the time. The author does not comment on the use of the devices for road-based applications,
nevertheless, the findings on accuracies are relevant in considering the use of such technologies. The
paper included an independent assessment of each of the positioning techniques in this bundled option. It
found 95th percentile errors for iPhone positioning of 14.4m over a 20-minute period, whereas a
consumer grade Garmin, used at the same location had a 95th percentile error of 1.3m. Most assessments
of recreational grade receivers such as the Garmin receiver used in this study reported errors around the
15m mark. Based upon the findings of this study it can be inferred that the accuracies of the iPhone are
lower than those of a recreation grade GNSS like a handheld Garmin even though they make use of the
same positioning technology.

A technology management plan developed for the Louisiana Department of Transportation and
Development (DOTD) in 2012 noted several existing of uses of consumer grade GPS devices, including:
permit locations, borrow pit locations, railroad inspections, bridge inspections and recording of crash
locations (Barnett et al 2012). In this case, the consumer grade GNSS technologies were being used for
positioning of discrete locations, rather than assets that were continuous. As part of this research an 18-
hour accuracy test on a recreational GNSS was undertaken and the positions over this period were found
to vary by up to 30m. It was concluded that the independent use of this data may not be a significant
issue, but if the results of the survey were to be overlaid with any other data in a geographic information
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system (GIS) environment they would not align in any meaningful way. However, the data was useful for
locating a known attribute in the field, for example, a bridge or a street sign.

There is a lack of existing research into the practical application of these types of devices in a transport
asset management context. However, from a practical viewpoint, these technologies are cheap and easy to
use. GPS-enabled cell phones are becoming more and more prevalent, and have many practical
applications in a roading context, particularly around navigating to a known point such as an area of flood
damage requiring repair, a seal join, a culvert or a bridge. There is a practical limit on the use of this
technology. It is unsuitable for recording locations in most asset databases because the positions could be
out by 20m and will not match well with the underlying aerial photography or other spatial layers used in a
GIS environment.

2.1.2.2 Embedded consumer grade GNSS/basic mapping grade GNSS

As indicated above consumer grade and basic mapping grade GNSS are becoming embedded in many
other mobile devices such as smartphones, tablets and watches. There is no improvement in accuracy but
the added functionality on the device could make it a more viable option for various asset management
and development. A good example of this is the GPS to linear reference conversion tool used at the
Auckland Motorway Alliance (AMA) and elsewhere in New Zealand. This application can be used on any
modern mobile device with a HTML5 compliant browser.

2.1.3 Differential GNSS (code)

Differential correction of the C/A code is a process whereby a receiver placed at a reference station of
known location is used to record the difference between the computed distance (range) and the measured
distance (range) to each satellite; this difference (or range correction) is then applied to each measured
‘receiver to satellite distance’ (range) at the rover site at any point in time. These corrections are applied
to a roving receiver in the vicinity of the reference station to enhance accuracy of such locations typically
from the 5m to 20m range to the Tm to 5m range for most mapping applications (Uren and Price 2006).

This technique takes advantage of the fact that the errors affecting the GNSS observables at the reference
station are similar to the errors affecting the GNSS observables at the roving receiver. This assumption is
less viable as the distance between the reference station and the roving receiver increases. Consequently,
differential GNSS accuracies are usually expressed as a constant plus a distance dependent error.

The corrections are often applied by a method known as ‘post processing’ whereby the recorded
corrections at the reference station are applied to the GNSS observations in the office after completion of
the GNSS survey, although they can be broadcast and used in real time either by local radio or cell
phone/internet, or satellite link.

Augmentation is a type of differential correction whereby real-time corrections are derived by tracking
satellites at known earth positions and broadcast over a significant geographic extent. This method of
broadcasting eliminates the need for the user to operate their own reference receiver. Methods of
broadcasting the correction signal are broken into two distinct categories: ground-based augmentation
systems (GBAS) and satellite-based augmentation systems (SBAS). GBAS use ground control stations to
compute differential corrections and broadcast them directly to roving receivers; high-powered radio or
internet are the most common forms of transmitting these signals. As such, their coverage is limited to
the coverage of the radio transmitter or to mobile internet reception. SBAS use ground control stations to
compute differential corrections, which are transmitted to satellites that then broadcast the signal to a
GNSS receiver capable of receiving such corrections.
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Examples of SBAS are the US Wide Area Augmentation System (WAAS), the European Geostationary
Navigation Overlay Service, (EGNOS), the Japanese Multi-functional Satellite Augmentation System (MSAS),
and the Chinese Satellite Navigation Augmentation System (SNAS). New Zealand is in the ‘footprint’ of the
WAAS and MSAS systems, but extensive coverage is not available. Trimble’s OmniStar system is available
and a number of mapping grade receivers are enabled for this technology, with annual subscriptions in
the order of $2500-%$3000 per annum per receiver. Accuracy of differential GNSS is conservatively
estimated in the Tm-3m range depending on the receiver and distance of baselines (Arnold and
Zandbergen 2011).

The Cooperative Research Centre for Spatial Information (CRCSI) in Australia prepared a briefing document
(www.crcsi.com.au/getattachment/2a89¢330-42b3-4907-98ee-d535e03a425d/.aspx) investigating the
viability of a SBAS for Australia that would enable 1Tm-2m positioning accuracy across the country. The
report outlined the numerous benefits of such a system, and recommended that an opportunity was found
to install SBAS equipment on another satellite. CRCSI is a government, industry and research joint venture
which uses spatial technologies to make a significant contribution to the economies of Australia and

New Zealand. It conducts research and development projects that involve collaboration between
government, corporate and academic resources, and is funded by Australia's Cooperative Research Centre
Program and by participant contributions. New Zealand CRCSI partners include LINZ; University of
Canterbury; and a consortium of companies including Critchlow; e-Spatial; GeoSmart; SKM; Trimble; we-
do-IT; and ZNO.

Devices making use of this type of differential GNSS technology are typically referred to as mapping grade
receivers. For the purpose of this research they have been divided into two categories - mapping grade
and enhanced mapping grade - to allow for separate evaluation of finished location technology products
with certain characteristics. For the most part, they all have the same/similar accuracy specifications; the
point of difference between the two groups is essentially coverage.

2.1.3.1 Mapping grade

Mapping grade receivers use code-based positioning, and are capable of making use of one or more of the
differential correction methods outlined above. The resulting accuracies of the system at the 95%
confidence interval are in the order of 1m-5m and possibly better in some situations.

This type of location technology is now widely used by the Transport Agency’s contractors and other
service providers operating within the highway corridor, such as electricity lines companies. The Transport
Agency’s high-speed data capture service providers use this technology, and some contractors use it for
mapping as-built positions. The devices are capable of capturing point, line and polygon information
spatially, and recording attributes against them.

The Louisiana Department of Transportation and Development (DOTD) has documented its use of
mapping grade receivers for various applications (Barnett et al 2012):

*  Road inventory. Three trucks with mapping grade GPS units were used to drive roads and collect
spatial information around road widths and levels as well as point data like schools and fire stations.
Following capture the data was downloaded to allow post-processing of the data (presumably
differential corrections). Results in expected accuracies, or accuracy obtained were not presented.

*  Mapping of environmental and archaeological sites. Trimble GeoXT mapping grade GNSS devices were
used to collect spatial information for use in ArcGIS software and users were able to display existing
GIS information on the device for viewing in the field. The expected accuracies resulting from the use
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of this device were in the order of Tm. The resulting observations were downloaded electronically and
differential corrections applied before they were incorporated into a GIS database.

* [evee inspection. Trimble Yuma devices were chosen to map levees, fences, ramps, slides and
washouts associated with levees.

Mitchell et al (2008) reported the use of a mapping grade GNSS receiver for positioning sideway-force
coefficient routine investigation machine (SCRIM) measurements. An existing road centreline reference
position was created using a combination of existing static GNSS surveys and aerial photography. The
reference centreline provided a base to enable comparison of SCRIM results to an existing position on the
road. While the SCRIM data was being recorded, a differential mapping grade GNSS was used to position
the equipment at a frequency of 100Hz. The resulting positioning of the SCRIM data achieved an accuracy
of approximately +1m each year, a significant improvement upon the conventional linear referencing
systems previously used.

Pérez-Ruiz et al (2011) undertook an assessment of GNSS differential correction signals, including the
OmniStar Virtual Base Station service provided by Trimble, which is available in New Zealand. After
recording in excess of 30,000 results, the system produced a root mean square (RMS) error of 0.5m (95%
confidence). This system would be suitable for positioning in real time with mapping grade GNSS
receivers. This system provides one example of being able to obtain real-time correction data to enable
sub-metre positioning with mapping grade receivers in New Zealand. Additionally, after the hardware is
configured there is likely to be little difficulty for users to obtain the necessary positioning accuracy.

Serr et al (2006) tested four mapping grade GNSS receivers in America on 15 known position base stations
over a one-month period. The receivers were: Trimble Pro XR, Trimble GeoXT, Trimble GeoExplorer Il and a
Pharos mapping grade receiver. The ProXR and the GeoXT were both positioning at the 1m level after the
differential corrections were applied, the GeoExplorer Il was at the 3m level, and the Pharos was at the 6m
level. It is important to note that these accuracies were obtained in optimum GNSS positioning
environments so it is unlikely that this level of accuracy would be obtained 95% of the time in the various
environments that are be encountered in roading.

The combination of the uses and operability outlined by Barnett et al (2012) and Mitchell et al (2008), and
the accuracies reported by Pérez-Ruiz et al (2011) and Serr et al (2006) suggest that this level of
positioning system is suitable for some transport asset management data capture, and it would be
suitable for navigation to an exact location in the field.

One potential issue with this level of technology is that it assumes user understanding, and in many cases
also requires post processing. Users are likely to need training in the use of differential corrections (real
time and post processed) and it is important that users understand the accuracies they are obtaining with
and without differential correction. Based on Opus experience with similar software it is likely that users
will take a few days in the field with an experienced operator to get to the point where they can use the
menus within the controller alone in an efficient manner.

2.1.3.2 Enhanced mapping grade

Enhanced mapping grade devices are similar to the standard mapping grade device but specifically include
software and hardware improvements designed to improve satellite tracking by GNSS receivers. One
example is the Trimble ‘Floodlight’ (Trimble.com 2012) which claims to significantly improve a GNSS
receiver’s tracking precision. This technology is available on some of Trimble’s more expensive handheld
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receivers. Unfortunately, at present, there is inadequate independent research quantifying the accuracy
improvements obtained with such technology.

2.1.4 Differential GNSS (carrier phase)

Differential carrier phase measurement currently provides the best GNSS-based positioning but the
equipment at $10,000-$40,000 per device is significantly more expensive than single point positioning
equipment. It is relatively specialised because of the high cost of the equipment and the processing
techniques used. However, there are some lower cost options that make use of open source positioning
algorithms, and web-based corrections to achieve far greater accuracies than those typically obtainable
with low cost/single frequency devices. However, these technologies are in their infancy and are not
refined to the point where those without specific knowledge can use them.

Real-time kinematic (RTK) satellite navigation is a technique used to enhance the precision of position data
derived from satellite-based positioning systems. RTK positioning accuracy is dependent on the type of
receiver, the distance between the reference station and the rover, and environmental factors such as
multipath effects. It is possible to obtain positions accurate to the decimetre or even centimetre level
when care is taken.

There are two types of RTK solutions available: conventional RTK (those with a single base receiver), and
network RTK (those with a network of reference receivers). Single-base systems make use of radio or cell
phone broadcasted corrections between the base receiver and a moving rover within 30km. Those systems
with a network of reference receivers have far greater coverage because they are capable of modelling the
errors affecting the GPS observables. Both systems typically use radio or internet to transmit the
corrections to the rover. Consequently, the coverage of both systems is limited to areas with cell phone or
radio coverage. The significant advantage of the network-based solution is that the distance dependent
errors are significantly reduced and almost eliminated, network-based corrections have been disseminated
via satellite link around the world but this is not currently common practice within the New Zealand
transportation industry.

2.14.1 Survey grade GNSS

Survey grade GNSS receivers are capable of achieving accuracies well above requirements for most
transport uses. They have also been used in some cases by consultants for positioning of linear
referencing management system (LRMS) road markers. However, they are not a realistic solution for the
wider transportation industry due to the significant capital cost. Survey grade GNSS receivers are capable
of real-time absolute positioning at sub-decimetre level (Uren and Price 2010). However, use of this
technology and its limitations requires advanced user knowledge. In instances when this level of accuracy
is required, it would typically be more cost effective to approach people with existing knowledge and
equipment to undertake that work.

2.14.2 Low-cost systems

Some researchers have been working on improvements to processing algorithms that make it possible to
accurately position at decimetre level using low-cost equipment. Both of the systems make use of a web
service which uses industry standard file formats to produce differential corrections for GNSS observations
to these low-cost receivers. It is not yet clear whether these systems work in New Zealand due to our
predominantly sparse infrastructure, nor have they been tested here specifically. However, they are
mentioned because it is likely low-cost accurate positioning systems, although not currently developed for
easy use, may be available for future decimetre level positioning. At that time, the integration of such a
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system into mobile asset management field devices would result in a powerful system meeting most
requirements of potential users.

Takasu and Yasuda (2009) made use of RTKLIB, an open source GPS processing software to construct a
GPS receiver that was capable of accurate (decimetre level) real-time positioning and cost only $400. The
positioning was not as robust as that of a typical survey grade receiver but it was sub-metre. Similarly,
Realini et al (2012) discuss the use of open source goGPS software which can be used for either real-time,
or post-processed decimetre level positioning using low-cost GPS receivers.

2.1.5 GNSS simulation

Although not GNSS in the true sense, another growing area of technology is networks of pseudolites, also
referred to as ground-based constellations. Attempts have been made to develop this technology since the
1970s but have shown little real world promise due to a range of problems, such as siting of locations,
transmission strength and time synchronisation. Rizos et al (2011) describe a new form of ground-based
constellation called Locata which shows great promise as a localised terrestrial replica of GNSS. This technology
consists of a network of Locata devices, for which centimetre-level accuracies have been achieved.

A recent Austroads report (Austroads 2013) on cooperative intelligent transport systems (C-ITS), has also
reviewed Locata and states that the technology has great potential to enhance accuracy and overcome
GNSS blockage in areas such as tunnels, under bridges, urban canyons and dense forest. In terms of cost
the receivers would be similar if not the same as GNSS receivers but there would to be a significant
investment in developing a network of Locata devices.

2.2 Other wireless systems

A wireless network refers to a system for the transmission and reception of electromagnetic waves (radio
networks). These networks may have other primary uses such as telecommunications but they can also be
used for location purposes. Potentially all wireless or radio signals can be used for positioning purposes
and there are also a number of different approaches, such as using the power levels received, the time of
flight, or the direction of arrival (Samama 2008).

Apart from satellite and ground-based radio networks used in GNSS, other wireless technologies that may
have application in the transport sector include mobile telecommunication networks, Wifi and Bluetooth.
On top of this there are a multitude of other radio systems that can be used for location purposes, as
explained by Samana (2008). These include amateur radio, long-range navigation systems, and other
satellite radio systems like the Argos system which uses a Doppler-based positioning technique.

In this section, wireless technologies are split into tracking systems, local area systems like Bluetooth and
Wifi, and wide area systems like telecommunications networks.

2.2.1 Passive tracking systems

Tracking systems refer to technology that has been developed primarily for the tracking of assets, objects
or people. The entity that is being tracked has a tag which holds information related to itself. Active
sensors can then be used to pick up information from tagged objects within a certain proximity.

Primarily, this technology has shown great application within the transport logistics and intelligent
transport systems (ITS) sector. In the case of transport asset management the most obvious solution is to
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tag road markers or assets that fall within the road corridor and as a vehicle or person travels within a
certain distance of the object, information from that object such as its location and attributes will be
transferred to a mobile device. Radio frequency identification (RFID) is a good example of this and could
be used to provide information to people working along the state highway. A paper from de la Garza et al
(2009) outlines some potential uses of RFID tags in highway asset management, with one option being to
place tags on the asset, or use them to assist locations in the field alongside current highway posts and
markets. Similar to RFID, quick read (QR) codes could be used to tag assets or locations in the field
(Nikander et al 2013).

Although the technology itself is inexpensive and relatively easy to use, it would require significant
investment to set up a network of tagged objects and maintain these over time. This technology could be
a valid way to provide location information in areas with little GNSS coverage such as forested areas,
tunnels and urban canyons.

2.2.2 Local area systems

Bluetooth and Wifi technology has been developed primarily to exchange data wirelessly between devices
(Bluetooth) or over an established network (Wifi). In terms of using these technologies for location purposes,
most effort has focused on indoor positioning; one reason for this is that both technologies are already well
integrated within many office layouts and also because GPS/GNSS has limited use inside a building.

Within the transport sector, Bluetooth has predominantly been used for vehicle tracking surveys to
undertake travel time estimations and origin-destination matrices (Rieser-Schiissler 2011; Koprowski
2012). In New Zealand, the Transport Agency has already utilised Bluetooth to track vehicle speeds and
congestion on a number of projects, with one such trial outlined by Beca on the Puhoi to Warkworth Pilot
Study (Beca Infrastructure Ltd 2011). The main requirement for Bluetooth tracking is an antenna and a
master device that scans the area and detects discoverable Bluetooth devices. For each device its unique
media access control (MAC) address, the timestamp, the received signal strength and the position of the
master device is stored. When several master devices are installed in an area or along a corridor, the
movements of individuals can be tracked through their MAC addresses (Rieser-Schiissler 2011).

Wifi has been more successfully used in outdoor environments to assist in positioning solutions in areas with
poor GPS coverage. Wifi positioning relies on WiFi access points which over recent years have been widely
deployed by both homeowners and organisations. These access points typically broadcast a signal which can
travel several hundred metres in all directions. WiFi positioning software identifies the existing signals within
range of a WiFi enabled mobile device and calculates the current location (Zandbergen 2009).

A successful positioning technology used by both Bluetooth and Wifi is ‘fingerprinting’ whereby access
point (APs) signal strengths are observed at known locations to develop a ‘fingerprint’ unique to that
location. This can then be used later in the field to match observed Wifi signals with this database
(Zandbergen 2009; Bekkelien 2012).

Both Google and Apple have made significant investments in non-GNSS location systems. Apple has
recently purchased a company called WiFiSLAM that integrates Wifi with an inertial navigation system (INS)
and GPS and shows some promise. There are other similar technologies which will operate over larger
areas, such as WiMAX.

Ultra wideband wireless networks are another promising technology with good application as a real-time
locating system, using precision time-of-arrival measurements (Gartner 2013). The accuracy of ultra
wideband wireless is an advantage as it can achieve centimetre level. However, an issue is range of

24



2 Literature and technology review

coverage, with high positioning accuracy requiring a distance between receivers of less than 10m
(Austroads 2013).

Some of the technologies mentioned above have primarily been developed for use within a building, but
could provide real solutions for parts of the Transport Agency network that have limited GNSS coverage.

2.2.3 Wide area systems

Wide area systems refer to networks that generally operate across metropolitan, regional or national
boundaries. The most widely used of these systems are mobile telecommunications networks and there are a
few methods to detect location using these networks, the easiest and least accurate is by simply assigning
the phone to the base station, which is transmitting with the strongest field strength, this method is known
as cell identification (cell ID) (Zandbergen 2009). The accuracy depends on the cell size and density of the
network. When a mobile phone is within range of multiple base stations, location can be calculated by
measuring the time of arrival of the signal from known base stations. However, owing to poor time accuracy
in mobile networks, location accuracy is still low (>50m), and thus not appropriate for transportation asset
management, but some applications may be appropriate for higher level strategic studies.

Another wide area system is commonly known as GNSS simulation or a ground-based constellation of
pseudolites. This technology was discussed briefly in section 2.1.5.

2.3 Remote sensing and analysis

In this section the remote sensing technologies and the analytical techniques which can be used to help
locate features are reviewed. Passive sensing technologies include aerial and satellite imagery. Active
sensors are often referred to as detection and ranging methods, and cover technologies such as LiDAR,
radar and sonar. An active sensor carries its own emitter of radiation that illuminates the sensed objects
and causes reflections that are gathered by the receiver of the active sensor (Zipf and Jost 2012).

For both active and passive sensors, as long as the location of the sensor is well defined then they can
create high accuracy datasets which can be used to locate other features. This sort of technology generally
requires the use of platforms like GIS but potentially also computer-aided design (CAD) and remote
sensing software. It also requires access to reliable contextual datasets like aerial and satellite imagery
and other GIS datasets that can be used to locate features.

These datasets can be expensive to generate the first time around, but have many potential uses, which is
why they are commonly procured for urban areas and important infrastructure networks around the world.

2.3.1 Examples

There are many different combinations of the above techniques and platforms. As some of these are
relatively common uses of GIS, there is little specific literature. This review is largely informed by
engagement with key GIS industry organisations within New Zealand.

First, and most simply, these techniques can be used to locate features in a desktop environment without
leaving the office. An example might be identifying road centrelines from aerial imagery. One simple
option for this would be the use of a customised Google maps tool with high resolution imagery (K
Subramari, pers comm, 22 March 2013) or the use of desktop GIS packages like Esri ArcGIS with access to
good background datasets, such as local authority LiDAR. These methods can either be used to locate a
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feature without ever entering the field, or also to update features in a desktop environment after having
been in the field (Barnett et al 2012).

An example of the latter approach is a project that was undertaken by the AMA in 2011 to define
vegetation maintenance boundaries along the motorway network (C Bannock, pers comm, 201 3). Initially,
an ecologist undertook a low accuracy survey in the field with a Trimble Juno to define areas of similar
vegetation and then the actual boundaries of these vegetation zones were digitised from high resolution
recent aerial imagery using Esri ArcGIS.

These methods can also be set up on a mobile platform, which is often termed mobile GIS. This type of
system will allow either of the above options, but is operable in the field, and adds the benefit of having
access to real-world information. An example of this could be pocket RAMM, which is provided by RAMM
Software Limited (RSL) and is already widely used by contractors although mainly for job control rather
than asset location. Other examples could be a GIS package installed on a Trimble Juno (Trimble
Navigation 2013) or a Topcon Tesla (L Schutte, pers comm, 17 Jan 2013). There are also numerous tablets
that could be used to perform similar functions; from ruggedised tablets such as motion tablets (T Elson,
pers comm, 19 Feb 2013) and Ubigon T70C (S Lowe, pers comm, 11 Feb 2013) through to consumer
Android and Apple tablets, which can be set up with a myriad of applications to undertake imagery-based
field data capture.

One example of this could be the digitising of stormwater manhole locations in the field, from high
resolution imagery using low accuracy GPS. In the field the surveyor is able to find his or her general
location, then confirm the asset type as a manhole, and use the imagery to specify an accurate location.
There are not many examples of this in the literature but it is a technique that has been used by Opus,
most recently in 2010, in a condition survey of stormwater assets in Christchurch.

Last, it is also worth mentioning the use of advanced analysis methods to define feature locations using a
number of input datasets. This would normally be undertaken in a desktop environment using GIS or
remote sensing software. An example of this is definition of the surface area of different land cover types
using image reflectivity and colour mixed with LiDAR intensity. Recent research in the USA (Vaghefi et al
2012) has looked at a range of remote sensing techniques to evaluate highway bridge conditions, and this
found some applications for aerial imagery. Current research in this area is also being undertaken by the
University of Colorado in the USA, to classify road surface quality and land cover using high resolution
imagery (Emery 2012). Also in the USA, the National Consortium on Remote Sensing in Transportation has
undertaken a range of relevant research.

Within New Zealand, the land cover database (LCDB) owned by the Ministry for the Environment, is an
example of a large remote sensing initiative to locate different land cover environments (Ministry for the
Environment 2009). Auckland Regional Council undertook work to map impervious areas using aerial
imagery (Samama 2008). It is also worth noting there is a general trend towards making data more
publically available (eg creative commons licences) and accessible (eg web services) within New Zealand. A
good example of this is the LINZ Data Service. This trend will facilitate this sort of analysis in the future.
One of the strategic objectives of CRCSI is the automated generation of the spatial information products
program. This program is focused on automated remote sensing and one current project is looking into
feature extraction from multi-source airborne and space-borne imaging and ranging data (CRCSI 2013a).
One relevant research area is the automatic 3D reconstruction of objects (both man-made and natural)
such as building models from imagery and LiDAR, which could have future relevance for large assets on
New Zealand state highways.
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There are other sensing technologies which show some promise for roading asset management. Examples
of these are camera matching and object detection from ground-based LiDAR. In the case of camera
matching, there has been research into estimating speed based on successive frames of a video and using
these to correct inertial measurement unit drift (Chu et al 2012). Other similar examples of this sort of
technology include the generation of 3D point clouds from stereographic images enabling distance and
depth measurements (Geomatic Technologies 2013).

2.4 Inertial navigation systems

INS detect the change in an object’s position, velocity (speed and direction of movement) and orientation
(rotation around an axis). The technology used for tracking these changes is referred to as inertial
measurement units (IMU). These units use a combination of various equipment in the following ways
(Perrone et al 2008; Artes and Nastro 2005):

* accelerometers to measure the linear acceleration of an object
* gyroscopes to measure the angular velocity of an object to track change in direction

®* magnetometers to correct gyroscope and accelerometer readings.

INS is benefiting greatly from advances in micro-electro-mechanical systems (MEMS) technology. This
enables the creation of low-cost measurement units as listed above (Toledo-Moreo and Zamora-lzquierdo
2010).

INS is similar to other referential location technologies (such as trip meters), in that it requires a previous
known position, usually gained through GNSS, as a base for measurements. The further the object moves
from the last known location, the more errors will accumulate in the measurements until another known
location is added.

2.4.1 Examples

INS is widely used in the transport supply chain and is commonly found within many commercial vehicles
to track position. When integrated with GNSS and other location technologies it is an important component
of a mobile mapping system (MMS) (Bassani et al 2012). Within the land transport sector they are generally
used to provide low accuracy (>3m) positions for vehicle navigation and to also provide a backup system
for vehicle navigation when GNSS coverage is poor. High accuracy (and high-cost) examples of MMS can be
found that make use of a combination of GNSS and INS, ie LiDAR and terrestrial mapping systems.

In terms of most consumer vehicle navigation systems it is more important to provide continuous and
reliable navigation, rather than high-accuracy locations, although with the future trend towards
autonomous cars the requirement for higher accuracy IMU systems may increase to the sub-metre level
(Godha 2006).Trials have also attempted to integrate IMU devices with feature matching camera
technology to provide accurate location where GNSS coverage is sparse (Chu et al 2012). In situations
where good GNSS coverage is low, it is reasonable to assume that INS could replace traditional trip-meters
in some cases.

There has also been some research into using IMU for pedestrian surveys which could be relevant for asset
management within areas of sparse GNSS coverage. One area of recent research is personal dead-
reckoning devices, which are basically small IMUs fitted to the boots of a pedestrian which are then used
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to track movements from a known location. This sort of technology could be used to find or update an
asset’s location if you are within a short distance of a known location (<50m). This sort of technology
leads to an accumulation of errors the further you move from a known location. Beauregard and Haas
(2006) found that errors are in the range of 2% of the distance travelled so to keep within a 3m accuracy
you would need to travel less than 150m from a known location. Kwanmuang et al (2011) used a
magnetometer enhanced pedestrian mounted IMU and managed errors less than 1.5% of the distance
travelled. There has also been some recent work by Romanovas et al (2013) to augment pedestrian
mounted inertial sensors with known RFID tag locations to increase accuracy.

2.5 Trip meters

Similar to IMU, odometers and trip meters track the distance a vehicle travels in relation to a start point.
An odometer usually refers to the total distance travelled by that vehicle, and a trip meter can be reset for
each separate trip. In modern systems these operate by counting the rotation of the wheels of the vehicle
using a sensor and then converting this into a linear distance (Samama 2008). As with other relative
measurement systems, it is important to take into account that the error will propagate the further a
vehicle moves from a known location.

To be used as a location technology, it is also essential that the trip meter measurements are managed
within some form of linear referencing system to enable locations to be derived from a measured distance.
This represents a good model of the transport network, which is represented by a series of nodes and
links both digitally and in the field by physical markers and points. This sort of system then enables field
measurements to be converted into a location.

2.5.1 Examples

Trip meters are widely used to both find features and record or update locations of features/events on a
road network. They are particularly useful as they work regardless of GNSS coverage being available and they
also take into account the three dimensional length of a road. In the past, due to poor satellite coverage and
lack of good GPS devices/software trip meters have often been used in road asset management as they are
generally robust and user-friendly (Perrone et al 2008). However, with GPS now widely accessible to people
working within the transport industry, some uses of trip meters have become obsolete.

Mitchell et al (2008) state that with modern odometers accuracies on straight sections of road of better
than Tm per kilometre are achievable, but the drive line of the vehicle can have a notable impact on this,
so for curves and steeper gradients, the accuracy can reduce to 4m to 5m per kilometre, which can then
give accumulated errors of around 50m on long sections. In particular, this research discusses the
reasoning behind the move from a trip meter-based survey to a GPS survey. A report by AustRoads (Kelly
and Chen 2011 gives a good description of the different types of linear referencing systems and trip
meters used across Australasia.

Along with magnetometers, odometers and trip meters are also useful auxiliary sensors to prevent error
degradation for INS (Godha 2006).
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2.6 Offset technology

Offset technology is a simple, practical system used in conjunction with another location technology. It is
derived from a basic surveying method called a ‘baseline survey’, where offsets to objects are measured
from an accurate baseline. Three measurements are recorded:

1 The cumulative distance along the baseline
2 The measured offset at right angles to the baseline
3 The direction of the offset, either right or left in relation to the increasing baseline distance.

Prior to the widespread use of electronic survey instruments in the 1980s, this method was traditionally
used by New Zealand surveyors to define natural boundaries, such as the edge of streams or lakes.

2.6.1 Examples

Offset technology is widely used in transport asset management where the road centreline serves as the
baseline. Distances along the baseline are measured from a known point (the route station) using a trip
meter. Offsets from the road centreline to the object are measured by rototape or tape measure, and
recorded together with the offset direction. More modern offset technology includes laser range finders
such as those found on ikeGPS technology.

While this system is relatively simple, it is still subject to the cumulative errors in baseline measurement as
outlined in section 2.5. It can also become complicated by road layouts, such as roundabouts and divided
carriageways.

2.7 Mobile mapping systems (MMS)

A MMS is a vehicle-based combination of location technologies to undertake high-accuracy, multimedia
surveys of a transport network. There is nothing specifically new about each individual technology but of
more interest is the integration of high accuracy GPS, INS, trip meters and video to produce a dataset
which has applications to undertake more in-depth analysis of the road network from a desktop
environment.

Examples of MMS include the high-speed survey vehicle used by WDM Ltd (Mitchell et al 2008), the
Terralink StreetCam3D system (Grant Kilkolly, pers comm, 29 Jan 2013), the Topcon IPS-2-HD (Louie
Schutte, pers comm, 17 Jan 2013) and the Geomatic Technologies AIMS system (Geomatic Technologies
2013).

2.8 Geographic information systems (GIS) software

A GIS is generally defined as a system for storing, managing, analysing and displaying geographic
information. A GIS by itself is not a measurement technology but it is an excellent tool to define the
location of features based on surrounding geographic datasets. It is also extremely useful for both quality
control of current location information and also the update and editing of existing location information
based on other datasets. GIS software ranges from being completely free through to costing thousands of
dollars for a single licence seat. It is now used widely and integrated within most government
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departments, local authorities and many private organisations in New Zealand. This makes GIS an
excellent tool for sharing location information.

2.8.1 Examples

GIS software can be split into three main categories:

1 Desktop GIS software packages such as Esri ArcView, Pitney Bowes Maplinfo and Intergraph Geomedia
or the Open Source Quantum GIS

2 Mobile GIS software packages like Esri ArcPAD, Mapinfo MapX and countless IPAD and Android
applications

3 Web-based and service-orientated approaches such as ArcGIS for Server, MaplInfo Stratus and other
open source applications like MapServer and GeoServer.

More recently, cloud-based services have been developed that enable an organisation to run their whole
GIS from a cloud environment. Some examples of these include Esri ArcGIS online and GISCloud.

Generally all of these GIS packages contain tools to both define and update asset locations. To make GIS even
more useful within the transport sector, on top these basic tools, GIS functionality has also been added onto
many existing transport asset management software packages (such as RAMM GIS), or specific transport
extensions have been developed for major GIS suites of software (such as Esri Roads and Highways).

Asset management systems with GIS functionality enable a user to access detailed asset information
against a transport asset, which can assist greatly with the quality assurance of asset locations. Transport
extensions added to an existing GIS software package can add a number of advantages, such as better
management of data against linear networks, or specific analysis tools related to linear networks.

Within the transport sector there are some other considerations when looking for a good GIS:
* an ability to manage linear referencing systems

* good network analysis and modelling functions

* integration with transport asset management systems and CAD software

® an ability to view data in 3D and utilise ground based LiDAR.

2.9 Geospatial hypermedia software

Kong and Liu (2011) define geospatial hypermedia as the integration of web and multimedia technologies
with geographic information science. This is quite a broad technology area, which basically revolves
around extending the use of traditional GIS with other media such as images, video and audio.

Similar to the GIS examples given above, geospatial hypermedia can also allow the location of features in
the field to be identified without leaving the office. On top of other datasets like imagery, a hypermedia
system can allow the identification of features of geo-referenced street level videos and images. Within the
transport sector these types of packages are generally referred to as road asset management systems.
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2.9.1 Examples

One of the most common and widely used examples of this technology group is Google’s Streetview which
allows users to view street-level imagery by interacting with the traditional Google Maps or Earth interface.
This technology can be widely used within the transport sector and is generally free to use and access. It
potentially allows the identification and location of features in the field without having to leave the office.

Google Streetview has the benefit of being easy to use and cheap to access but one negative aspect is that
the images are not taken at regular enough intervals for some uses, and also the functionality of the
Google interface is relatively basic (which is obviously beneficial for ease of use).

Where multimedia information is available for a road network such as that surveyed by a MMS then there
are many other custom applications that have been developed to allow a user to easily interact with this
wealth of information. Within New Zealand there are a number of similar such applications used within the
land transport sector, as outlined in table 2.2 below.

Enhanced 3D GIS systems that can utilise point cloud data along with imagery and other asset information
to undertake asset data capture and condition assessments in a desktop environment, is an area of great
promise. The collection of ground-based LiDAR is becoming more common and will eventually be cost
effective across large parts of the roading network. What is lacking at the moment is software which can
process and turn this into useable information.

Table 2.2 Road asset management systems available in New Zealand
Product name Developed by Description
JunoViewer Juno Services Ltd A portable tool for analysing network condition data
Contour Storyteller Contour Video and map viewing distributed with contour camera
RoadRunner Argonaut Ltd. The Transport Agency developed web-based intergraded high-speed
data (HSD) video and RAMM data viewer
Compendium Opus Integrated HSD video and RAMM data viewer with GIS component
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3 Technology evaluation

A set of 12 key performance indicators (KPIs) with high, moderate and low ratings was developed to

ensure a consistent approach to evaluating location technologies. From the literature and technology

review detailed in chapter 2, a summarised list of location technologies was defined and categorised for

evaluation against each KPI.

3.1

Key performance indicators

The KPIs are summarised in table 3.1 and the rationale behind the high-moderate-low rating for each KPI is
given below. All indicators were also assigned a weighting from 10 to 1 based on the relative importance
of that indicator to the overall scoring of a specific technology. The indicators below are listed in order of

the weighting value from highest to lowest.

Table 3.1

Summary of key performance indicators

Performance indicator

Rating

High (score = 3)

Moderate (score = 2)

Low (score =1)

—

Accuracy
(weighting = 10)

<Im
For 95% of measurements

Tm-3m
For 90% of
measurements

>3m
For 68% of
measurements

2 Affordability
(weighting = 10)

<$500 per rover
<$500 per office

$500-$2000 per rover
$500-$2000 per office

>$2000 per rover
>$2000 per office

3 Set-up costs
(weighting = 4)

Negligible start-up costs

Start-up costs exist but
do not require business
case

High start-up costs
require detailed business
case to get funding

4 Ease of use by contractors
(weighting = 4)

Little training required
(<2 hours), familiar
technology

Moderate training
required (2-8 hours),
limited support required

Intensive training required
(8+hours), extensive
support required

5 Applicability to common
uses
(weighting = 4)

Easily applied to all
common uses

Some customisation
required to encompass
all common uses

Significant gaps
requiring alternative
technology or extensive
customisation

6 Geographic coverage
(weighting = 2)

>95% coverage
>95% of the time

90%-95% coverage
90%-95% of the time

<90% coverage
< 0% of the time

7 Future outlook
(weighting = 2)

Clear path for future
upgrades to improve
accuracy and utility, little
modification required, full
backward compatibility

Expected increase in
accuracy with no clear
development path for new
technology, moderate
adaption anticipated

Any increase in utility will
require extensive
adaption

8 Track record
(weighting = 2)

Commonly used in

New Zealand and overseas
in network asset
management

Some existing use in
network management
overseas

Some examples of use
which show promise of
adaptability to network
asset management

9 Suitability for network
contract trial
(weighting = 2)

Pilot studies can be readily
set up live in existing
Transport Agency network
contracts using existing

Pilot study can be run in
parallel with existing
Transport Agency
network contracts,

Pilot study must be
modelled by research
workers independent of
live operations
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Performance indicator

Rating

High (score = 3)

Moderate (score = 2)

Low (score =1)

workers with little
disruption to operations

involving existing
workers

10 Integration with RAMM
software
(weighting = 2)

Compatible with easy
upload/download using
existing applications

Some simple application
customisation required

Significant application
development required

11 Location derivation
(weighting = 1)

Directly reads and records
absolute coordinates and
can handle NZ Transverse
Mercator (NZTM) and other
NZ Geodetic Datum (NZGD)
2000 projections

Directly reads and
records absolute
coordinates but requires
customisation to
NZGD2000/NZTM

Indirectly derives
absolute locations from
other relative
measurements

12 Suitability as back-up
technology
(weighting = 1)

Readily available to most
staff in normal course of
events, known technology
to staff

May require some
additional low-cost
equipment in vehicle,
known technology to staff

Will require specialist
equipment and/or
applications and training

1 Accuracy

Accuracy is defined as how close the recorded measurement of an object or event is to the true location of

that same object or event. A high rating of ‘<1m for 95% of measurements’ was drawn from the project

briefing and reaffirmed at the initial steering group workshop. A moderate rating of ‘1m-3m for 90% of

measurements’ was assigned as being in line with the best accuracy that is achievable by the mid-range

devices known prior to undertaking the research. A low rating of >3m-10m for 68% of measurements’ is

similarly in line with expectations of accuracy of well-known, low-cost current technology.

The focus of this research was accurate and affordable location technology, so accuracy was given the

highest weighting of 10.

2 Affordability

High, moderate and low ratings of <$500, $500-$2000 and >$2000 respectively were derived for either
mobile rover units used in the field or stationary units based in an office or headquarters. The high rating

is based on the figure the Transport Agency’s key providers have already been willing to invest in field

technology and recognises some additional investment in software to make the best of use of devices. The

moderate rating was derived from discussions at the initial steering group workshop, where contractors

would consider an investment of this scale as reasonable if devices enabled field staff to efficiently achieve

all location-based tasks. The low rating applies to all more expensive technologies.

Similar to accuracy above, affordability is a fundamental requirement of the technology so this was also
given the highest weighting of 10.

3 Set-up costs

Some location technologies require a fair investment to get started and possibly then have relatively low

on-going costs. Some of these costs may be large upfront investments in platform software, servers or

hardware, while other costs may relate to investing in new staff with skills to manage the process. The

measurement of this KPI is based on the requirement to access significant additional funds to set up the

use of this technology within an organisation. This is independent of the costs to buy individual units or

devices for use in the field. A high rating of ‘negligible start-up costs’ refers to little or no additional costs
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to the business to prepare for an implementation. A moderate rating of ‘start-up costs exist but doesn’t
require business case’ refers to some set-up costs that can be covered within the normal operations of a
company. Lastly a low rating of ‘high start-up costs require detailed business case to get funding’ refers to
set-up costs that would require a request for additional funding through a business case for large
companies, or additional external funding for a smaller company.

Set-up costs also relate to the overall affordability of the technology so were given a medium weighting of 4.

4 Ease of use by contractors

At the initial steering group workshop it was deemed critical that the implementation of any location
technology be practical for use by the Transport Agency’s contractors. This KPI is designed to capture the
ease with which technology can be used by all levels of contractor staff, independent of the cost of the
technology. A high rating of ‘little training required (<2 hours), familiar technology’, identifies technology
familiar to field and office operators, and requires minimal training to enable day-to-day use without the
need for extensive support. A moderate rating of ‘moderate training required (two to eight hours), limited
support required’ means the technology can be implemented with a moderate amount of training and
some initial support as operators become familiar with new or different ways of doing day-to-day tasks. A
low rating of ‘intensive training required (8+ hours), extensive support required’ means the technology
will meet the contractors daily needs but because of inherent complexity or a completely new interface will
require intensive training and on-going support over an extended period.

As enhancing the use of location technology by contractors is a focus of this research, it is important to
highlight the ease of use, so a medium weighting of 4 was given for this indicator.

5 Applicability to common uses

A set of the five most common roading contractor uses for location technology, shown in table 3.2, was
developed following workshop input. The KPI ratings reflect how well a location technology fulfils the
needs in each case. A high rating of ‘easily applied to all common uses’ refers to a technology that readily
meets these requirements. A moderate rating ‘some customisation required to encompass all uses’
captures technologies that with some customisation or adaption will meet these requirements. A low
rating ‘significant gaps requiring alternative technology or extensive customisation’ distinguishes
technologies that are not suitable for all common uses, or will require significant customisation and or
new infrastructure to meet the requirements.

Meeting a contractor’s specific needs for location technology is equally important to ease of use. A
medium weighting of 4 was allocated.

Table 3.2 Common roading contractor uses for location technology in the New Zealand
Item | Description Examples Comment
1 Finding or recording the Pothole report; damaged signage, Required accuracy 5m-10m, but
location of a feature or fault. | broken glass; vegetation/weeds, <3m ideal. Cost critical due to high
overgrown culvert number of units needed (day-to-day

field staff activity).

2 Recording the locations of Moved/replaced signs; reseal lengths; Required accuracy <3m, but <1m
features for data inventory signs, poles, streetlights ideal. Field and office use (post
updates, and/or payment processing). Cost important but
considerations. efficiencies can be introduced by

groups sharing units.
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Item | Description Examples Comment

3 Finding non-visible features Relocating duct locations; identifying Required accuracy <3m but <1m
locations of low skid resistance, ideal. Cost important but
roughness, or rutting; crash locations efficiencies can be introduced by

groups sharing units.

4 Accurate mapping of critical | Safety hazards like overbridge heights Required accuracy 0.05m-0.1m
features and abutments; in the development of (survey accurate). Cost less sensitive
new roads like kerbs, manholes, as few units required (undertaken by
services; location of reference stations specialist survey staff).
5 Dynamic location mapping Recording waymarks, faults or features Required accuracy 3m-10m due to

without stopping; location of permanent | nature of work, varying speeds and
speed limits (for mobile vehicles) uncontrolled conditions.

6 Geographic coverage

This KPI is intended to distinguish technologies that are useable over the vast majority of the Transport
Agency’s network (albeit recognising that some technologies may have niche applications on parts of the
network) from those that are less reliable. A high rating of >95% coverage, >95% of the time’ is intended
to identify technologies that will work in all but the most extreme parts of the network. A moderate rating
of ‘90%-95% coverage, 90%-95% of the time’ is intended to capture those technologies that will work in
most parts of the network but are sufficiently limited in some areas so that an alternative technology will
have to be employed for up to 10% of the network. Finally, a low rating of ‘<90% coverage, <90% of the
time’ is designed to rank technologies that are applicable to less than 90% of the network, but in other
respects may have useful application.

A weighting of 2 was allocated to this indicator. Geographic coverage is important, but many
technologies are equally useful for their ability to fill the gaps where GNSS is not suitable.

7 Future outlook

There was no specific reference to this KPI in the research objectives, but any recommendation should
consider the potential costs of future improvements. The ratings attempt to capture this attribute in terms
of potential costs to the user. A high rating of ‘clear path for future upgrades improving accuracy and
utility with little application modification required and full backward compatibility’ intends to capture
established technologies with a clear path for future applicability where it is expected that any
improvements will be relatively inexpensive. A moderate rating of ‘expected increase in accuracy, but no
clear development path for new technology; moderate application adaption anticipated’ is intended to
capture technologies with potential for improvement but where development may herald extra costs to
implement. A low rating of ‘any increase in utility will require extensive adaption of developed
applications’is intended to identify technologies that may be expected to develop into useful applications,
but at this stage such developments are likely to be expensive either in terms of hardware/firmware or
staff training.

As it is difficult to understand the future potential of different technologies, this indicator was given a lower
weighting of 2.

8 Track record

The introduction of new location technologies may introduce a risk of adopting a technology that appears
fit for purpose, but does not prove to deliver value for a variety of reasons. To assess this risk, this KPI is
designed to measure whether the technology under consideration has a track record of successful
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implementation in the transport sector. A high rating of ‘commonly used in New Zealand and overseas in
network asset management’ captures technologies successfully in use in New Zealand and elsewhere for
at least some of the common applications (see table 3.2). A moderate rating of ‘some existing use in
network management overseas’ captures technologies not used commonly in New Zealand, but
established in overseas transport asset management environments. A low rating ‘some examples of use
which show promise of adaptability to network asset management’ identifies technologies that show
promise, but have little or no known current use.

Where evidence of track record exists it is important to measure this, although we have given it a lower
weighting of 2, as many new technologies will have little track record.

9 Suitability for network contract trial

Any technology recommendations, particularly involving new equipment or software, need to be trialled,
preferably within a current state highway contract. The eventual suitability of a technology can be
indicated by how easy it is to trial. A high rating of ‘pilot studies can be readily set up live in an existing
Transport Agency region using existing workers with little disruption to operations’ means the technology
can be easily trialled in an existing contract situation with little disruption to current operators. A
moderate rating of ‘pilot study can be set up and run in parallel with an existing Transport Agency region
with research staff working alongside existing workers’ means the technology can be used in parallel with
existing operations by researchers working with existing operators, but with minimal disruption to
operations. A low rating of ‘pilot study must be modelled by research workers independent of live
operations’ means the technology shows promise, but because of training or customisation requirements
must be trialled independently of current applications.

The ability to trial a new technology reduces the risk and subsequent cost of an unsuitable
implementation. This was given a lower weighting of 2.

10 Integration with RAMM software

The RAMM database is the current repository of much of New Zealand’s road asset data. Thus, it is desirable
that a location technology is able to both upload and download datasets in a RAMM-compatible format, without
limiting new systems to only record RAMM-related data. A high rating of ‘compatible with easy
upload/download using existing applications’ means users of the technology will face no barriers in accessing
RAMM data for location in the field, and will be readily able to download information captured in the field in a
format that, when validated, can be used to update the RAMM database. A moderate rating ‘some simple
application customisation required’ was designed to rank technology that requires some customisation to be
able to access and download data. A low rating ‘significant application development required’ captures
technologies that show promise, but significant customisation would be required to implement.

Most modern technology can be customised or used with an adaptor to integrate with RAMM where
required. This indicator was given a weighting of 2.

11 Location derivation

The Transport Agency has a preference for locations expressed in ‘absolute’ rather than in ‘relative’ terms.
This means coordinates should be expressed in terms of New Zealand Geodetic Datum 2000 (NZGD2000),
the official geodetic datum for New Zealand and its offshore islands, and projection New Zealand
Transverse Mercator (NZTM). A high rating of ‘directly reads and records absolute coordinates and can
handle NZTM and other NZGD2000 projections’ means NZTM coordinates can be uploaded/downloaded to
all devices and manually read off field equipment. Operators need not be aware of any other
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datum/projection that might be used. A moderate rating ‘directly reads and records absolute coordinates
but requires customisation to express in terms of NZGD2000/NZTM’ means that an alternative
datum/projection (eg NZGD1949) may be read or recorded, but users are able to reasonably easily convert
this to NZTM for data use and sharing. A moderate rating also includes systems that may derive
coordinates from short relative measurements in an ‘absolute’ coordinate environment. A low rating of
‘indirectly derives absolute locations from other relative measurements’ refers to a system that only
derives absolute coordinates indirectly from relative field measurement.

Most modern technology should be able to handle the translations between different methods for storing
location information, so this indicator was given the lowest weighting of 1.

12 Suitability as back-up technology

This KPI is aimed at identifying technologies that would be suitable as a back-up if a primary technology
fails. Cost is important, as it would be impractical to suggest an expensive technology be maintained only as
a back-up. A high rating of ‘readily available to most staff in normal course of events, known technology to
staff’ is designed to capture technology that is likely to continue to be available and that field staff will find
intuitive to use if their primary location tool fails. A moderate rating of ‘may require some additional low-cost
equipment in vehicle, known technology to staff’ identifies technologies that may require some investment
but that staff will be able to use with little or no support. A low rating of ‘will require specialist equipment
and/or developed applications and training’ includes technologies that have some potential in this area but
would require specific additional equipment, development and/or training.

This indicator was given the lowest weighting of 1 as although back-up technologies are important they
cannot act as a primary location technology.

3.2 Technology summary

The literature and technology review in chapter 2 gives a wider description of technologies that are being
used or could have potential uses within the transport sector in New Zealand. As explained in the
methodology in section 1.4, this larger list of technologies was summarised into a table of individual or
bundled technologies for evaluation against the performance indicators listed above. Table 3.3 outlines
the technologies that were evaluated, with descriptions and considerations against each one. More
information on each of these technologies can also be found in chapter 2.

In terms of the bundled options, there are many other possible combinations of technologies which could
be explored, such as the combination of RFID and GPS. We have used an evaluation process that is
structured and repeatable so that it can be re-used and updated over time.

Table 3.3 Summarised location technologies
Location technology Notes
GNSS/ Consumer grade GNSS e Includes use of recreational GNSS receivers and smart
satellite phones used only to transfer coordinates into some other

system

e Assumes operator is familiar with basic operation, eg
orientation, clear sky

e Nominal accuracy 5m-15m

e Current use for some basic asset applications
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Location technology Notes
Embedded consumer grade GNSS e Advanced recreational units, smart phones with accessible
(single point positioning) applications, personal digital assistants, tablets with

accessible applications

e Assumes operator is familiar with basic operation, eg
orientation, clear sky

e Upload/download possible and can record attribute
information

e Nominal accuracy 5m-15m

e Currently widely used by some operators in basic asset

management
Basic mapping grade GNSS e Includes a range of devices with quality hardware/firmware,
(single point positioning) including asset applications

e Assumes some operator training
e Upload/download to asset software
e Nominal accuracy 3m-5m

e Currently used by some operators in asset management

Advanced mapping grade GNSS e Includes a range of devices with quality hardware/firmware,
(differential GNSS - code) including asset applications

e Assumes operator training and skilled office support

e Upload/download to asset software and post-field
correction of GNSS measurements

e Nominal accuracy 1m-3m (corrected)

e Currently used in some overseas and New Zealand

applications
Enhanced mapping grade GNSS ¢ Includes a range of devices with quality hardware/firmware,
(differential GNSS - code) including asset applications. Some internet and or satellite

based real-time correction services available.
e Assumes operator training and skilled office support

e Upload/download to asset software and post-field
correction of GNSS measurements (where real-time
correction not implemented)

e Nominal accuracy 0.5m-1m (corrected)

¢ Some manufacturers have implemented advanced satellite
tracking software enabling far greater reliability in ‘canyon’
situations - both forests and urban

Survey grade GNSS e Includes a range of single and dual frequency devices.
(differential GNSS - carrier phase) Internet services available for real-time correction for many
units.

e Assumes skilled operator training and skilled office support

¢ Upload/download to survey software and post-field
correction of GNSS measurements (where real-time
correction not implemented)

e Nominal accuracy 0.1m-0.5m (corrected)

e Use restricted to cell phone areas or coverage of local radio
bases for real-time application.
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Location technology

Notes

Ground Tracking systems e Using passive transponders or codes to relay location
based information eg RFID, QR codes
Local area systems o Wifi, Bluetooth
Wide area systems e Mobile telecommunications networks
GNSS simulation/psuedolites e Locata
INS e Detect the change in an objects position, velocity and
orientation
e These include IMUs which consist of accelerometers,
gyroscopes and magnetometers
Odometers and trip meters e Track the distance a vehicle travels in relation to a start
point
e Often used as an auxiliary sensor to prevent error
degradation in INS.
Bundled Mobile GIS with imagery and consumer | e Mobile GIS system with accurate imagery and inbuilt GPS
options grade GNSS

e Existing imagery can be leveraged, with cost implications

Desktop GIS with imagery

e Using ortho photography and GIS or GPS/GNSS for mapping
or location of assets

e Positioning by trilateration to known points on ortho-
rectified images using a tablet application assisted with
low-cost GPS/GNSS systems

e Existing imagery can be leveraged, with cost implications

3D desktop GIS with ground based
LiDAR and video

e 3D GIS viewer with access to detailed LiDAR point cloud and
video along the network.

Advanced spatial analysis

e Imagery analysis (reflectivity, lidar intensity, camera
matching)

Road asset management
systems/geospatial hypermedia

e GIS based viewers combing aerial photography, current
asset data and geo-referenced photos and videos to allow
asset identification.

Mobile mapping systems (MMS)

e Fully integrated 3D laser, video, GNSS, IMU and trip meter
mounted on a vehicle

Enhanced mapping grade GNSS with
GNSS simulation in areas of low
coverage

e Extending GPS/GNSS measurement with IMU technology

e Use of laser distance measurement and GPS/GNS location
equipment

e Accuracy of electronic compass and laser based distance
measurement systems

¢ Integrated GPS/GNSS and linear reference measurement

e Currently not fully developed for low-cost application

3.3 Results

The results of the location technology evaluation are presented in table 3.4. Each technology was rated
against each KPl, as a 1, 2, 3 or O (not applicable), based on the KPI descriptions detailed in section 3.1,
with a higher value meaning a better fit with the KPIs. The ratings are based on the characteristics of the
technology and also informed by the discussions with the steering group in the original project workshop.
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In the table, the higher scores are presented in darker shades. Each rating was multiplied by the relevant
weighting factor to derive a score out of a total of 132.

Table 3.4

Evaluation location technologies against KPls

Note:

Location technologies

Technologies denoted in italics are not
currently widely used in New Zealand so
will require significant investment.

Key performance indicators (weighting factor denoted in parentheses)

ffordability (10)

Ease of use by contractors (4)
IApplicability to common uses(4)
Suitability for network contract trial
Integration with RAMM software (2)
Suitability as back-up technology (1)

Location derivation (1)

IAccuracy (10)

Consumer grade GNSS

N |Geographic coverage (2)
N Future outlook (2)

—_
—_

Embedded consumer grade GNSS

N

Basic mapping grade GNSS

GNSS

Advanced mapping grade GNSS

Enhanced mapping grade GNSS

NN NN

Survey grade GNSS

Tracking systems (RFID)

Local area systems

Wide area systems

GNSS simulation

Inertial navigation systems (INS)

Ground-based systems

Trip meters

Mobile GIS with imagery and
consumer grade GNSS

Desktop GIS with imagery

3D desktop GIS with ground
based LiDAR and video

Advanced spatial analysis

Bundled options

Geospatial hypermedia/road
asset management systems

Mobile mapping systems (MMS)

Enhanced mapping grade GNSS
with GNSS simulation in areas of
low coverage
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3.3.1 Factors for consideration

The evaluation method used in this research has some limitations based on the qualitative nature of the
analysis and reliance on a limited number of researchers to provide inputs. It should be viewed as an
indicative measure of technology suitability and used as a basis for further adaption, updating and
application. The points below cover a number of factors for consideration when using these results.

1 The method to evaluate different technologies against a range of indicators based on requirements is
a good way to display quantitative results, as shown in table 3.4. Perhaps more importantly, the
methodological process ensured that each technology was reviewed against each of the indicators to
reduce the risk that a technology was missing some fundamental attribute. Taking this into account,
comparing final technology evaluation totals or scores against each other should be done with
caution, and a better approach would be to band technologies into groups.

2 The evaluation system developed during this research is one component of this report that the
researchers recommend be further developed and updated as an independent table or tool which is
flexible and interactive. This would enable users to better evaluate technologies based on the types of
work they undertake.

3 Based on point 2 above, a future version of this table could look to pull the ‘applicability to common
uses’ KPI out of the evaluation process and have a separate evaluation process for each of the main
uses.

3.3.2 High-performing technologies

When considering all of the technologies available there is some difficulty in presenting any one
technology as the answer to all problems. Additionally, some of the technologies are emerging and it is
not yet possible for some transport-related industries to make use of these technologies.

This section seeks to provide additional information and explanation around the technologies that
performed well against the numerous KPIs outlined above. It has been broken down into two parts: 1) an
outline of current technologies that performed well against the KPIs, and 2) an outline of fringe
technologies that performed well against the KPIs. The latter technologies cannot necessarily be
implemented in a complete manner at present, but appear to achieve the KPIs, and when widely available
could be used to capture spatial information on road-related projects/tasks.

3.3.2.1 Mapping grade GNSS

Mapping grade GNSS receivers are an established method for the capture of existing location information
on road infrastructure projects. These receivers are capable of achieving the accuracies desirable for the
capture of spatial information for the majority of the Transport Agency’s transport assets, with a few
locations unable to be measured accurately because of overhead obstructions such as trees, buildings and
tunnels. They are also designed for the capture of attributes associated with spatial information and for
the electronic transfer of that information into databases and CAD packages.

As outlined in the literature, there are documented uses of mapping grade GNSS for data capture of road
information. These have a significant advantage over consumer grade GNSS receivers in that they can
provide sufficiently accurate information for meaningful use in GIS databases. In other words, if captured
positions were plotted over other GIS data layers, the positions would match up with the data layers.
However, mapping grade GNSS are more expensive than consumer grade GNSS technologies. They are also
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more user friendly than the survey grade GNSS receivers, and the ability to apply differential corrections in
real time is becoming increasingly efficient. Post-processed differential corrections are also becoming
more accessible and user friendly in the absence of real-time corrections.

Most mapping grade GNSS receivers suitable for data capture of road infrastructure features cost around
$2000. However, this is the cheapest standalone device able to meet the desirable accuracy requirements,
which is also equipped with a sufficient level of software to enable simple storage of attributes associated
with the accurate positions obtained.

Mapping grade GNSS receivers are well suited to contractors’ main uses of location technology, with the
only exception being the accurate mapping of critical features. This failed because sub-decimetre accuracy
is required to map critical features and mapping grade GNSS cannot deliver this level of accuracy. The only
device capable of doing this is the survey grade GNSS receiver, which is significantly more expensive.

Mapping grade GNSS receivers were also flagged as having significant future potential around positioning.
In the longer term, it is likely these devices will be able to make use of ground-based GNSS simulation
systems such as Locata, which will further increase coverage and positioning accuracy. GNSS technologies
are also becoming increasingly future proofed, with receivers capable of tracking proposed future satellite
signals such as the L2C code on the L2 band, and the L5 signal. Purchasing devices capable of tracking
future signals could significantly reduce the potential costs in having to replace a system when
technological advances become available. However, as satellites have a reasonably long life (>15 years) it
will take some time before any modernisations become viable. For example, the University of Otago’s
School of Surveying owns devices capable of tracking the L2C code that have been around for 10 years,
yet none of their applications or processing make use of the signal today.

Further augmenting this technology with road trip meters, inertial measurement systems, or compass and
laser range finders could increase the coverage of the overall system; however, with each additional
technology there is another potential source of error to be propagated into the overall positioning
accuracy. Additionally, it becomes more difficult and cumbersome for users, thus requiring additional
training and increasing the probability of positioning errors.

3.3.2.2 Mobile GIS with accurate imagery and consumer grade GNSS

This method of positioning depends heavily on the resolution and accuracy of imagery data, so is only
currently applicable on the parts of the network that have high-quality data. It has not been widely used or
tested in the field, so should be used with some caution, or perhaps only implemented after a trial run.

This is a bundled technology package that would make use of a mobile GIS type device with the ability to
readily record spatial information and associated attributes. Such a device would have a consumer grade
GNSS chip and high accuracy and resolution geo-referenced, ortho-rectified aerial imagery of the entire
state highway network. The concept for positioning is that the consumer grade GNSS chip within the
device would pan to the approximate positioning location on the aerial imagery where the user could then
position the device more accurately by selecting the location of the asset on the aerial imagery. This
technique could improve the positioning accuracy to approximately 1m (dependent on the accuracy and
resolution of the imagery).

In terms of a balance between affordability and accuracy, this system outperforms all other positioning
systems. However, there are significant setup costs and the system would require on-going investment.
After the high-resolution imagery has been captured and provided to consultants and contractors with
accurate geo-referencing information, the residual cost of purchasing a mobile GIS type device could be as
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low as $500. A basic tablet device would be capable of providing the necessary platform and consumer
grade GNSS possibility. However, it is likely that some basic customisation would be required.

The coverage of this technology would be slightly better than mapping grade GNSS and its positioning
accuracy likely to be slightly higher, but it is more subject to gross error by incorrect identification of a
point by a user. Training of field staff to use this technology is important as they will need to have
experience navigating a map viewer on a tablet device. This technology also has the potential to add other
GIS datasets onto the device to aid navigation, and some GIS functionality could also be used to undertake
routing and other spatial analysis in the field.

This positioning method could also be used as a backup system for the mapping grade GNSS system
outlined above. If the aerial images were all loaded into the mapping grade GNSS device then this
technique could be used to assist in positioning.

3.3.3 Promising future technologies

There are numerous technologies or improvements to existing technologies that are not currently fully
operational or available. However, these are worth mentioning because they present an opportunity for
improved positioning accuracy in the future. Consideration should be given to these technologies when
looking at an implementation plan, so that purchases are future proofed against further capital investment
at the time they become available.

GNSS simulation (eg Locata) is becoming increasingly common and presents an opportunity for an
increase in the coverage and accuracy of GNSS-based positioning in terrain that has low or inconsistent
satellite coverage, or currently does not permit usage, by taking advantage of simulated GNSS signals.
This could enable GNSS positioning to obtain the required accuracy in problem areas such as tunnels and
under tree canopies.

New GNSS signals/codes, like the L5 (signal) and L2C (code), could enable increased positioning accuracy
and dependability using lower-cost receivers. For example, if the L2C signal is added to the L2 band, it
may be possible to undertake dual frequency positioning using low-cost receivers.

Of the other wireless technologies there is some definite potential for certain parts of the state highway
network to set up a local network using technology such as RFID, Bluetooth or Wifi. Unlike the GNSS
simulation technology (for example Locata), this would require investment and development of receivers
that can read both GNSS and other wireless systems. In addition to the set-up time, there is also a
significant cost in setting up and maintaining the physical network.

The ability to utilise 3D point clouds and network imagery derived from MMS, also shows great potential
for some asset management purposes. The advantages are that anyone can access and view location
information, measure distances and undertake asset valuation and condition assessments from a desktop
environment. The obvious disadvantages are that surveys are expensive, would need to be regularly
repeated, and the software to manage and interrogate this sort of information is in its infancy. However,
for parts of the network that have low or inconsistent GNSS coverage, regular MMS surveys could be a
valid option.
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4 Implementation roadmap

The technology evaluation in chapter 3 outlines the types of location technologies that best meet current
requirements. The New Zealand transport industry will face the on-going challenges of keeping abreast of
advances in location technology and integrating appropriate technologies where required. In this section,
suggestions for the successful uptake of location technologies are made as part of an implementation

roadmap.

The key to increasing the uptake of location technology is shown in figure 4.1. This graphic is overlain on

a section of the Auckland upper harbour corridor in 2009.

Figure 4.1 Components to increase the uptake of location technology

The roadmap components are:

1 On-going research - initiatives to keep the technology evaluation and lessons learnt as detailed in
this research report up to date

2 Lessons learnt and organisational guidelines - contributions from representative organisations that
have implemented location technology in the past, and similar examples from the international literature

3 Policy and vision - Transport Agency policy and manuals to assist with better uptake of location

technology

4 Technology trials - encouraging and investing in the trialling of promising location technologies.

Each of these four components is described in greater depth below, and specific recommendations are

Ongoing
EHE

Location Technology
| \ T Y
I 4 VA SR
Policy and Guidelines
I - .L‘ I \ i\ \
Research and Lessons Learnt

made for the roadmap approach at the end of the section.
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4.1 Research

It is evident from the review of technology in chapter 2 that research and development in the field of

location technology is on-going, with many new applications on the horizon. There are two main areas
outside of transport asset management that are driving location technology research:

1

Location-based services - these refer to technology that enables an organisation to provide services
based on the location of a person. This technology is now prevalent in many modern smartphones
through applications like Google Maps. Gartner (2013) predicts by 2030 people will feel spatially blind
without this technology, which enables them to see who or what is near them, get support, do searches
based on the current location, and collect data onsite in an accurate and timely manner.

Cooperative intelligent transport systems (C-ITS) - a recent Austroads report (Austroads 2013) refers
to C-ITS as ‘the use of wireless communications and real-time information sharing between vehicles
and roadside infrastructure, which will enable the next generation of applications that improve safety,
productivity, efficiency and environmental outcomes for transport systems’.

Research in these areas is helping to direct developments in hardware, software, battery life and mobile
computing. It is important that this research is kept current to inform the transport sector. Some potential

initiatives for doing so include:

assigning a specific owner within the Transport Agency to manage updates and potentially undertake
further research

publishing the research on a Transport Agency website, which would allow users to add comments on
different sections and indicate potential areas for update. At a regular period (perhaps quarterly) these
comments should be reviewed and the sections with the most feedback updated

publishing the research on a wiki site and allowing approved external users to update and edit the
master document

presenting the research findings at relevant conferences and workshops at regular intervals with an
aim to gather feedback on new developments in location technology

integrating or aligning research with CRCSI where relevant.

4.2 Lessons learnt

A roadmap for the increased uptake of location technology within the transport sector should be informed
by lessons learnt from previous implementations of the technology both within New Zealand and globally.
A number of interviews were undertaken with organisations that have used and are increasing their use of
location technology on New Zealand roads. The learnings arising from these interviews are presented
below (refer to appendix B for the interview schedule). International evidence is also considered and the
lessons learnt are summarised.

4.2.1 Contractors and consultants to the Transport Agency

A series of interviews were undertaken with a selection of primary nationwide network management

contractors and consultants to the Transport Agency: Downer Group and Fulton Hogan (contractors) and
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Opus International Consultants Ltd (Opus - consultants). The interviews explored current and potential
future use of location technologies, barriers to further uptake of location technologies and lessons learnt
from previous company-wide implementation of location or mobile technology, to identify success factors.

Location technologies are primarily used to locate assets and update asset information. They play an
important role in resource utilisation and planning around work location and activities, and the safety of
staff in remote areas. They are also used to communicate the location of emergency incidents like crashes
or natural hazard events that impact on the state highway network. Both Downer and Fulton Hogan use
GPS devices with different accuracies for different road network management contracts and activities,
ranging from basic low-cost to survey-grade GPS devices. They also use RAMM products extensively,
including Pocket RAMM for mobile devices. Often, the specific data collection hardware used by the
contractors has associated software that records location data. Both contractors have also been investing
in GIS capacity.

Opus uses a range of location technologies, invests in geospatial capacity and develops software
applications for particular projects within the transport asset management sector.

4.2.1.1 Potential for increased location technology uptake

Fulton Hogan’s focus is to increase uptake of current technology within the company, with the main
barrier to this being cost. New technology of interest to Fulton Hogan includes the 3D LiDAR surveys
offered by Terralink, aerial imagery linked to accurate GPS locations, video of the state highway network,
and improved GPS accuracy, with regard to the shadowing effect in urban areas. However, data size limits
the use of some of this technology because it reduces accessibility speed. Accordingly, for 3D LiDAR and
video coverage, for example, there is a desire to have access to tools that allow easy interrogation of these
datasets. Similarly, Opus has developed applications that stitch the videos together, so field operators are
aware of their location on the network and can index the video, while driving, using inbuilt GPS, eg
Contour camera hardware and software.

All three organisations recognise the need for photo-referencing and geo-tagging to provide evidence of
an asset’s condition before and after work is carried out.

Both contractors would like to be more mobile oriented in the field by acquiring more mobile devices and
spatial components for electronic daily records. Likewise, they are also interested in enterprise solutions,
where multiple business tools are aligned with the company’s financial management systems.

Because much of their work is undertaken outside cell phone coverage, contractors would benefit from
having the capability to work offline and then resynchronise when in cellular range. This would prevent
wasted downtime.

4.2.1.2 Barriers to location technology uptake and effective use

The organisations were asked to identify any perceived or known barriers to location technology uptake or
use within their company. The following barriers were identified:

* Costs - company-wide investments in location technology involve significant capital expense and with
better accuracy the price increases exponentially. There are also hidden set-up costs when adopting
new technology, for example, needing attachments to mount GPS and cameras on vehicles.

* Hardware specifications - some GPS technology and related hardware has failed in the field in terms of
readability and durability. Likewise, software such as Pocket RAMM is resource hungry, so tablets and
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other mobile devices need to have good processor speed. The minimum specifications of these
technologies need to be clear so that inadequate devices are not purchased in the future.

Initial staff backlash - when technology allowing the location of staff movements to be tracked was
first introduced, some staff had privacy concerns. These fears rapidly decreased once they realised the
benefits the technology provides, including identifying good performance.

Blockages from middle management - Downer anticipated that staff would struggle with some of the
technology being imposed on them. These fears proved to be unfounded as people already used
personal mobile phone technology, and were also given the opportunity to take the new technology
home to show their families. Instead, the blockages in uptake were from middle management who,
with a ‘knowledge is power’ attitude, resisted enabling their staff with the new technology. To
overcome this barrier before rolling out the technology in other regions, full buy-in was gained from
general managers so middle managers did not have any avenues for complaint.

Internal information technology (IT) issues - internal IT issues include being too rigid to allow software
updates to be downloaded, to lacking standardisation across the business. For example, Fulton Hogan
and Opus operate more distributed IT systems on the networks they operate, which can lead to a lack

of standardisation, but on the other hand can provide a good environment for innovation.

Client perceptions - in 2005, Downer made a decision to exit historical location referencing using trip
meters to focus on GPS technology. Some clients were concerned about the shift from linear referencing
to spatial referencing. In particular, there were perceptions that linear referencing provided significantly
greater accuracy. Theoretically, linear referencing can be highly accurate, but the ability to achieve that
depends on many variables such as tyre pressures and the track of the vehicle. While some critical assets
need to be recorded within accuracy of one or two metres, the vast majority to do not need to be that
accurate. It was noted that some clients have a tendency to want higher accuracies than necessary. An
accurate network model is important for linear referencing whether location information is collected via
GPS or trip meters. It is also important for network owners to realise an accurate and up-to-date
centreline will improve the ability to accurately reference asset locations.

Training challenges - the low-end equipment is relatively straight forward, but getting staff up to
speed with some of the high-end equipment can be a barrier. The best technology is user friendly, for
example the Pocket RAMM populates a lot of information with one click. When the technology is more
complicated staff need to be trained to a high degree. However, if the technology is not regularly
used, the training often needs to be refreshed or repeated. Change management challenges - initial
challenges with technology uptake include acquiring technology with good battery life, and ensuring
that staff remembered to charge the devices prior to going out in the field and understand that
charging equipment within their vehicle impacts on vehicle battery life.

Safety risks - driver safety is a real concern when using any device in a vehicle, as it can take their
attention away from driving. It is important to assess any new technology that will be used in vehicles
and provide appropriate protocols and training.

Excessive trust in the technology - most of the tools used are about recording activities, not making
decisions about activities, but there is a risk that field staff will rely on the technology more than their
common sense. The technology can supersede the need for field staff to take notes and it is hard to
measure the relevant details that get missed, and what impact this has on the business.
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* Downtime during software updates - software updates, something the contractors have no control over,
have had and continue to have a substantial impact on productivity. In particular, the timing of updates
can render technology temporarily unusable, and sometimes the updates do not work properly.

* Back-up system maintenance - it is still important to factor in the cost of maintaining systems like
Terratrip trip meters or hardcopies of map books in company vehicles in anticipation of the rare
occasions when other location technology fails.

* Software limitations - the contractors also expressed some frustration with standard off-the-shelf
software products used on mobile devices. For example some may only operate on Windows devices
when a lot of staff are using mobile Apple or Android devices. Fulton Hogan is exploring options outside
the confines of the Windows environment, including open-source software, with the intention of
continuing to load data directly into RAMM, but using a different application to access the information so
it can be used more widely (similar systems are used by the AMA).

4.2.1.3 Success factors

The contractors were asked to reflect on previous experience in implementing location technology (or any
similar mobile technology) within their organisation and identify factors that helped this succeed. The
factors identified all related to good process management.

* Dedicated resources - technology uptake is most successful when resources are dedicated to
developing and following a process for delivering the technology. For example, Fulton-Hogan’s
approach for implementing new technology involves a nation-wide team within the company which
conducts appraisals and pilot studies to determine which technology is appropriate. The new
technology is then introduced in the field and rolled out throughout the company.

* Pilot trials - both contractors always do pilot studies before integrating new technologies into the
business. For example, as part of Downer’s shift in 2005 to GPS technology, trials were undertaken to
determine GPS accuracy along 130km of state highway between National Park and Whanganui. This
part of the network has sections of curvilinear road, cuttings and road at the bottom of high ranges.
The GPS values were compared with the linear reference point of every sign asset and found to be
within +/- 20m, 90%+ of the time. The trial confirmed for Downer that GPS technology provided
suitable accuracy for day-to-day operations.

* Provision of training and on-going support - it is valuable to have adequate training and on-going
support structure within the business.

* Controlled use of technology - all Downer staff are issued with Apple smartphones with set protocols.
Staff are not permitted to install location tools on their cell phones themselves. All software
installations are controlled and staff are given the tools they need for the jobs they do.

* Continuous power source - all these technologies require a power source - a simple but important
success factor.

* Minimising staff disruption - it is important that business process changes are not implemented at the
same time as changes in technology, as staff may feel overwhelmed. In the past, some staff have
blamed technology when it was the business process change they were struggling with.
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®* Good quality assurance (QA) practices - Downer has found QA practices to be important when moving
to automated methods. The old linear referencing model goes through a human manual check when
being interpreted.

®  Other benefits - a spin-off benefit of GPS technology roll-out has been the ability to reward staff who
are performing well and also identify some issues such as speeding in work vehicles.

42.14 Recommendations made by contracting and consulting organisations

The Transport Agency uses a linear location reference management system (LRMS) for its state highway
network. Key features of the LRMS for contractors include reference stations (RS), kilometre marker posts
(KMPs) and route positions (RPs). RS are marked by signs at approximately 16km intervals at the junction
of state highways, territorial regional boundaries, the start of ramps, the end of highways and large
roundabouts. KMPs are intermediary markers, occurring at approximately 1km intervals along the
network. A RP is the ‘address’ format for describing a linear position on the network. The LRMS and
associated signage and infrastructure is an expensive system to maintain and there is potential to
rationalise aspects of the system and place more emphasis on spatial referencing.

While the LRMS is an artificial model of the network, Downer recognises it as being a worthwhile way to
report on the location of an asset, particularly for continuous assets such as paving or surfacing that need
to be managed and analysed in a linear manner. However, RPs for assets could be generated by software
in the field and there are opportunities for signage to be reduced. The RS locations are useful for
operators in the field, but the KMPs are not, as they are inaccurate. Likewise, the RP signage on major
culverts is not required. If suppliers of in-vehicle location and navigation products, such as TomTom, were
provided with access to the LRMS network, accurate distances from markers, posts and the nearest town
would be available, reducing the necessity for signage. For the majority of the country, spatial or on the fly
referencing would be appropriate, with some RP signage maintained.

Relevant to this research Downer suggested that the Transport Agency lead a shift away from the old
technology by informing relevant organisations of their intended approach so organisations could invest
in the right technology. This should involve a move towards business-to-business tools, including
enterprise data models, universal data exchange protocols, and provision of the Transport Agency’s
network model as a web service.

The contractors emphasised the value they see in the outputs of the present research and the importance
of keeping this work ‘live’, perhaps with a Wiki to keep it up to date. These results will inform the roading
industry and be of benefit to sectors like water, waste water and transport management. It is excellent
that LINZ is also involved.

Emphasis was also placed on the need for consistency around the accuracy requirements for capital and
maintenance work.

4.2.2 Emergency services

Both the New Zealand Fire Service (NZFS) and New Zealand Police (Police) have small spatial intelligence
teams, both with a national role to manage national and operational data. Roles include systems and
applications, delivery and support applications, and management of geospatial/GIS systems. The NZFS
team also provides support for the National Rural Fire Authority and Search and Rescue.
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Both the Police and NZFS use an Intergraph computer aided dispatch system, based on data from
Terralink, which acts like a taxi system to direct staff to incidents. The NZP also use an ArcGIS system with
limited licences that was developed for the Rugby World Cup. In the longer term, it is likely that only one
of these systems will be continued, pending decisions about which ‘assets’ - staff and/or vehicles - are to
be tracked. Frontline staff also carry emergency ArcGIS-based ‘Esponder’ devices, that can be operated for
up to 15 minutes due to battery limitations. Tablets and smartphones (iPads and iPhones) are also coming
into use for applications like Google Maps.

The NZFS intelligence suite includes an Esri Enterprise GIS platform and plans for mobile data terminals. GPS
capability is deployed on 80% of appliances (fire trucks) to transmit real-time data about appliance location
back to headquarters. Personal GPS units to track staff location during large events, as well as search and
rescue operations are also being trialled. The NZFS is up to date with developments in location technology
and makes use of other organisations, such as the Transport Agency’s camera feed technology.

The Police are not currently looking at improving accuracy, but do keep abreast of technology
developments and accuracy improvements. Resources are focused on system tools and data use rather
than technology to measure data.

4.2.2.1 Potential for increased location technology uptake

Both organisations recognise the potential for increased location technology uptake. Both see scope for
the wider use of current technology and the implementation of new technology, in particular, making the
most of smart phones, tablets and location tracking (satellite/telemetery) that fits within existing systems.

Both services anticipate a wide scope of use for mobile devices. The main limitations of the current
technology are signal problems in urban street canyons and some rural areas. For example, Urban Search
and Rescue needs higher accuracy GPS to overcome canyoning and the challenges of working inside
buildings. Similarly, higher accuracy location information is required for fighting bush fires. It would also
be useful for Police staff in the field to know the locations of other staff and vehicles, particularly during
incidents, and to be able to overlay other information such as previous or recent incidents, and nearby
addresses of known offenders for similar incidents. Crash investigators need higher accuracy GPS. A web-
based incident reporting system would also be valuable.

4.2.2.2 Barriers to location technology uptake and effective use

Both services experience historical barriers to technology uptake. For the NZFS this is a cultural barrier
due to an aging workforce, but technology is now part of everyday life so the barriers are coming down.
For the Police, there is wariness due to previous major technology projects that did not experience smooth
implementation.

Staff capability and training needs are barriers to the adoption of some technologies.

For the NZFS, cost is now less of a barrier as technology becomes cheaper. The size of the units is a
limitation, but new technology is increasingly more compact. There are also political barriers imposed by
the union due to ‘big brother’ perceptions.

From the perspective of the Police, the main limitations are budgetary (including equipment and training
costs) and political (direction/policy/strategy) as well as swiftly changing technology. Also, any technology
used in Police vehicles and by officers must not interfere with other devices like speed radar and
communications.
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42.2.3 Success factors
The services identified the following success factors:

* Select technology that meets business needs, has a wide scope of use, is easy to upgrade, delivers
quick response times, and has a good track record and no known failures.

* Choose technology that is easy to use and flexible because both organisations have a variety of skill
sets.

* Adopt technology that can be easily integrated into existing systems.

* Ensure user (staff) and stakeholder engagement, at all levels, from frontline to communications, as
well as for policy and strategy.

* Ensure coordination with other emergency services (the Police and NZFS have worked together on
development of location technology) and also with other roading groups.

* Have a plan for transitioning the new technology into the business.

4.2.3 RAMM Software Limited (RSL)

The development of Road Asset Management and Maintenance (RAMM) software is driven by client
requirements. Pocket RAMM is a mobile tool which is used for updating asset information, programming
work, completing and claiming for jobs. Most contractors place emphasis on using Pocket RAMM for
programming work or jobs rather than updating asset information.

Pocket RAMM itself is not a location technology but requires the device it is installed on to be GPS
enabled. In the past it has been used mainly for job management, as high-accuracy GPS is considered too
expensive. The addition of high-accuracy and up-to-date imagery would allow more accurate data capture
in the field. Data size can be an issue with imagery, so there is potential to use the Transport Agency’s
imagery service available through Koordinates Ltd.

The hardware configuration for RAMM software is Windows 7 and 8, with on-board GPS, but there is no
post-processing of GPS data. RAMM is not compatible with Apple or Android platforms.

4.2.3.1 Barriers to location technology uptake

From RSL’s perspective, training requirements are the greatest barrier to the uptake of new RAMM
products by users, though RSL does provide training services to some contractors. Additional barriers
include the cost-conscious nature of some clients, and the tendency for consultants to overlook existing
products in demonstrating their own point of difference.

4.2.3.2 Success factors

The successful implementation of new technology is enhanced by managers who are committed to
training staff in its use. It would also be beneficial for data owners to audit contractors and thereby ensure
that data is managed to an appropriate standard.

4.2.4 International evidence

A review of the international literature revealed specific examples and recommendations concerning the
implementation of location technology, which echo the experiences of the industry stakeholders
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interviewed. The key theme is the importance of having good organisational guidelines for staff training
and the use of technology. Without such guidelines, there is a risk that staff are given new tools without
appropriate training and lack knowledge on how the technology works. An additional risk is that field staff
can put too much faith in new technology, and are less likely to self-check the location measurements they
are getting. These sentiments are outlined in the Guidelines for the use of GNSS in surveying and mapping
(Royal Institution of Chartered Surveyors 2010), which recommends that for high-accuracy GNSS surveying
the surveyors involved in fieldwork and survey processing should be formally trained with the particular
equipment they are using, have had formal training in GNSS theory, and some years’ experience in the use
of GNSS in land surveying.

The Location Technology Management Plan implemented by the Louisiana DOTD in 2012 (Barnett et al
2012) was initiated because GPS had been adopted by many different sections in the DOTD, without
uniform standards for accuracy, operation, hardware, or software. The goal of the project was to create a
plan to guide the use of GPS technology within the department. Some of the key recommendations arising
from this report included the need to:

¢ form a GPS oversight committee within DOTD, with representatives from different sections
¢ establish a GPS coordinator position

* agree on GPS units and purchase these in bulk

® create and test menu systems for data collection

* implement training classes in the basic concepts of GPS.

The North Carolina Department of Transportation went through a similar location technology upgrade
process (Edgerton 2009) to enable work crews to use GPS-enabled personal digital assistants (PDAs) in the
field for job management. Roadblocks to the roll-out of this plan included lack of funding to purchase GPS
units of the desired accuracy. Nevertheless, the implementation was highly successful and led to a number
of recommendations, including:

¢ Smaller handheld devices seemed to be preferred but it was recommended not to focus on one
particular brand of PDA, but rather allow the possibility of having multiple styles of PDA which all
operate within the same architecture.

* In-built GPS can mitigate some start-up problems found when trying to link to an external GPS using
Bluetooth.

* The ability to enter route and mile point data by hand should be retained for use in cases where GPS
readings are not attainable.

* When using lower accuracy GPS, it is useful for the operator to enter the route number, especially at
intersections.

* Executive support of the proposed upgrade of GPS technology is important, and for similar efforts has
historically been a predictor of employee acceptance.
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4.3 Additional organisational guidelines for investment in
new technology

Achieving a return on investment is important when investing in new technology. In particular
organisational investment in emerging technologies, such as those covered in this research, requires
careful consideration and preparation. In this section we list some of the key factors which may improve
the outcomes from investment in new technology.

43.1.1  Agility

Of greatest importance is the ability for an organisation to easily adapt its processes and resources as new
technologies emerge. Recent research into organisational investments in IT by the INSEAD Business School
(INSEAD elLab 2013) describes this well:

[New investments] must sit on top of mature, standardised platforms. Being agile and competitive
doesn't mean being the quickest. It means always being able to be quick. The secret is a mature
platform and avoiding the creation of 'infrastructure spaghetti' in the rush to adopt the latest tools.

The important point from this quote is that for an organisation to be agile and able to easily uptake new
technologies, it is hugely beneficial for it to have a mature, organised IT platform with access to both
technical experts and good management. This research from the INSEAD showed that return on
investment is better when organisations have a mature platform in place.

On top of this, it is important for an organisation to accept that small investments in technologies that
lead nowhere are an acceptable part of investing in new technology and should be budgeted for. The
critical point here is that these investments are not treated as mistakes, but as learning processes. Project
managers leading these implementations should be strongly encouraged to pull out quickly from an
implementation if it is not working. To allow this to happen, technology should be trialled first and
reviewed at an early stage (~5%) of a project, before continuing with an implementation.

43.1.2 Alignment within an organisation and the wider industry

It is also important to be mindful of the wider organisational IT and geospatial strategy and resources
before making a specific investment, especially for the following:

* GIS software investments
* available IT and geospatial staff resources
* disk space and access to good back-up systems.

Being aware of wider industry strategies and resources is also important. Relevant examples include the
Transport Agency’s geospatial strategy and other asset management guidelines and standards. There is a
lower risk in aligning investments in location technology with the industry, but there are also times when
investing in a new unproven technology may prove beneficial if the rest of the industry also moves in this
direction later. This approach comes with an obvious higher risk if the technology is a dead end.

Of course the type of investment is completely dependent on the scale and type of project for which
location technology is to be used. If it is a small or short-term one-off project, then investing in something
non-standard and perhaps even customising a technology to suit that particular use is acceptable. For a
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larger on-going project, with inevitable staff turnover, a better choice may be to use standard technology
that can continue to be supported.

4.3.1.3 Measuring costs and returns

To better understand how the implementation of new location technology within an organisation is
proceeding, it is important to understand the costs and returns. This involves tracking and measuring the
main costs in terms of labour and materials and also where the returns in terms of efficiencies, better
quality information and marketing potential are being generated.

These types of measures should collect both the quantitative values in terms of expenditure, cost savings
and revenue where it can be allocated to a specific technology, but also the more qualitative feedback -
both positive and negative - which may come from staff using the technology, or other staff or clients who
are using the outputs. Without having a good understanding of this information, it is difficult to know
which areas require more investment (training, software upgrades etc), or whether the technology is not
meeting requirements and should be discarded immediately.

4.4 Policy and vision

The Transport Agency can help to enable the implementation of location technology by its contractors and
consultants through stipulating clear accuracy requirements, providing technology guidance (including
this report) and certification systems, and rewarding good track record. This will show that location
accuracy and quality is important and is a considered part of any contract. In addition, communicating a
clear vision on how the Transport Agency expects its providers to be working in the future is important.

4.4.1 Policy

There are currently two key documents that outline how location technology should be used on the

New Zealand state highway network: the State highway database operations manual (SHDOM) (NZ
Transport Agency 2009) and the Location referencing management system (LRMS) manual (NZ Transport
Agency 2004). The SHDOM is the main manual for the Transport Agency’s asset management. In terms of
location technology specifications, appendix 6 of SHDOM is the Inventory collection manual and gives an
overview of trip meter calibration and potential use of GPS tools, with some discussion on limitations.
Appendix 6 also contains information on accuracy requirements for different assets. The LRMS manual
describes the system for accurately and consistently locating or referencing positions on the state highway
network. This system is made up of physical reference stations, established RPs and KMPs. The manual
also explains the accuracy requirements to update these positions. In addition, there are other manuals
that provide some guidance regarding the accuracy of location data, including the AustRoads guide to
asset management (Austroads 2009), in particular Part 5a Inventory, and the International infrastructure
management manual (New Zealand Asset Management Support 2011).

There are three distinct options for encouraging the use of location technology:

1 Identify suitable technology bundles for different projects and require providers to use these methods.
This has the advantage of all providers using the same technology and delivering consistent outputs.
However, it may meet resistance due to the costs involved, and also requires investment to maintain
an understanding of the best technology for each project. Another key limitation of this approach is
lack of flexibility as technologies change.
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2 Specify location technology requirements, then tender every three to five years for the provision of
location-based technologies that meet these specifications, and require all contractors and consultants
to use the provided technologies. The benefits of this approach will be good competition and
innovation at tender time and a standard for technology use. However, in between these periods there
is danger of lack of innovation, and this approach also requires investment by providers in a specific
technology.

3 Rather than prescribe specific technologies for contractors and consultants to use, provide a clear
definition of the accuracy requirements for particular highway assets and projects. It is then up to the
provider to find the right location technology tool or partner with the right technology company to
provide information to the required level of accuracy. The benefit of this approach is that it allows the
Transport Agency to focus on providing clear guidance and requirements while giving the industry the
freedom to use location technology most suited to a project. This approach is the most practical, but
will require surveillance/auditing of incoming data and certifications to maintain integrity.

For any of the above approaches, a new document clearly stating accuracy requirements could be
developed or the requirements could be incorporated into the next release of the SHDOM. It is also
important that relevant requests for tender, information or proposals state these requirements and that
bids are assessed using these attributes. In addition, a certification system could be introduced that
enables an external provider to go through a formal process to become certified as a location information
provider. This would give confidence that a provider is using the right location technology, has
appropriately trained staff and good succession planning in place.

4.4.2 Vision

It is important that there is a clear vision of how location technology is to be used in the next 5, 10 or 20
years. This vision will obviously have to adapt to changes in technology, but it will give providers a clear

message on what they should be aiming for. This may influence the investment decisions both in training
and recruitment that providers are making right now. This vision may contain the following key elements:

1 Set clear accuracy requirements and indicate how these might change the future.

2 Clearly state that there is a strong preference for location information to be collected with absolute
measurement systems (GNSS) rather than relative techniques like trip meters.

3 Support a culture change within the industry that places more emphasis on the value of accurate and
accessible spatial information. The Enterprise Geospatial Capability programme currently underway
within the Transport Agency is an example of this change.

4  Clearly communicate any changes to the LRMS system and what this might mean for providers to
avoid misinterpretation. Even though there is a move towards absolute measurement, this does not
mean the LRMS system is unimportant.

5 Support a more spatially enabled workforce and look to assist with suitable training programmes
and conferences.

Where possible this vision should also be aligned with relevant research and development at the CRCSI. In
particular one of the strategic objectives of the CRCSI is a national precise positioning programme for
Australia (CRCSI 2013b). Currently New Zealand has representation with the CRCSI through LINZ, and there
could be benefit in extending the support and consequently enhance the relationship.
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4.5 Technology trials

One of the KPMs mentioned in chapter 3 is that technology should be trialled within a New Zealand
context before it is more widely implemented. In both the overseas literature and our engagement process
within New Zealand, there was recognition that the trialling of new technology is important. The trialling
of new location technology already takes place within many organisations that provide services to the
Transport Agency, and also within the Transport Agency itself. Factors to enhance the usefulness of
technology trials include:

1 Appointing skilled staff to manage technology trials. Organisations need to invest in these staff to
select the right technologies to trial, set the elements of the technology to investigate, measure
technology performance and report back on the results in the context of the wider organisation.
Organisations like the AMA have made this investment and through the Information and Data
Management team have undertaken a number of robust trials. Both Fulton Hogan and Downer recruit
staff to help improve the use of geospatial tools and data. One way to encourage geospatial
investment is to assess track record and staff skills in any tendering process, and to provide a
certification system as described in chapter 4.4.

2 Encouraging innovation within current or future projects. Innovation is a measurable performance
area for teams at the AMA, providing a focus in team meetings and discussions to think of ways to do
things differently or more efficiently. Trialling new ideas is part of the innovation process. More
weighting could be put on innovation processes and actual innovations developed when evaluating
bids. The idea is to encourage organisations to look at options for doing things better and not to
change what they are doing just to tick a box.

3 Working within current projects or identifying future options to encourage a specific location
technology trial. This could either be a separate trial project, or working with a current or future asset
management or capital project to look at options for trialling a new location technology. It could
involve additional work or a variation to a contract if there is a significant cost or risk to trial
something new. Alternatively, the Transport Agency could support an organisation-led trial through
providing feedback and/or assistance.

In summary, one of the Transport Agency’s roles is to foster and encourage innovation and the use of new
location technology by its providers. Cost will always be a factor when an organisation is looking to
undertake any work that requires this sort of technology, so anything the Transport Agency can do to
influence an organisation to make an investment is important. Informing the industry on its strategic
intentions would also be beneficial so that there is some alignment. The Transport Agency’s geospatial
strategy is an example of this and a document outlining a vision for the industry in 5, 10 or 20 years
would also be advantageous.
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5 Conclusions and recommendations

The use of location technology within the land transport sector of New Zealand is not new. Surveyors and
engineers have used a variety of methods since the country’s transport infrastructure was first developed
to locate themselves and assets on the network. However, location technology is rapidly evolving and
becoming more integrated with many other aspects of daily life. This could be finding out how close the
next bus or train is, using a smartphone to find the closest café, or finding the shortest route to drive
between two towns.

With the arrival of GPS, GIS and mobile computing, the ability to collect location information in the field,
manage this information and analyse it has rapidly increased, potentially faster than the transport industry
has been able to implement. This research will help bridge the gap between the location technology that is
currently and soon to be available, and the requirements and experiences of people working in the
transport and related industries.

To bridge this gap, a workshop with the Transport Agency and a number of key stakeholders was held to
better understand industry requirements for location technology. Secondly, a review of literature and
technology was carried out and lastly engagement was undertaken with a number of key technology
providers and users to understand more about the technology they use and the lessons learnt from
implementing new technology.

Below are the key findings and insights from the research, with some brief elaboration.

® Conclusion 1: Based on consultation and engagement undertaken on this project a set of KPIs was
developed, which represents the location technology requirements of Transport Agency key providers,
primarily contractors. These requirements showed a preference for accuracy, affordability and ease of
use.

Recommendation 1: Update these requirements at regular intervals.

® Conclusion 2: The literature and technology review process highlighted the considerable amount of
on-going research into location technology methods and applications.

Recommendation 2: Ensure this research report, or elements of it, is a live document with regular
updates planned.

® Conclusion 3: The evaluation process highlighted a number of technology bundles that showed good
potential. These include mapping grade GNSS and consumer grade GNSS augmented with mobile GIS
and accurate aerial imagery.

Recommendation 3: Develop limited trials to better understand how some of the evaluated
technologies, in particular the two mentioned above, could be and are being used by roading
contractors.

® Conclusion 4: The evaluation process also highlighted many promising future technologies which are
likely to be useful in the near future (one to five years). These include GNSS augmented with Locata
type ground-based constellations, GNSS complemented with the use of local area wireless networks
like RFID tags, Bluetooth or Wifi in areas with low GNSS coverage, and the use of ground-based LiDAR
surveys with imagery in a 3D desktop environment.
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Recommendation 4.1: Monitor the potential of these promising future technologies for trialling on a
network or capital contract in the near future.

Recommendation 4.2: Consider partnership with CRCSI, or with one of the existing New Zealand
CRCSI partners, such as LINZ.

* Conclusion 5: Based on our consultation with key users of location technology and international
literature we uncovered a number of important elements to a successful implementation of location
technology. These include upper management buy-in to the process, training on the appropriate use
of the technology, organisational guidelines on the use of technology, safety assessment for in-vehicle
use, awareness of staff privacy issues, pilot trials and dedicated staff to manage the use of the
technology. Other guidelines include ensuring the business has a mature IT platform, measuring the
return on investment and alignment with the wider industry.

Recommendation 5: Draw on these lessons when updating Transport Agency manuals (see below).

* Conclusion 6: There is currently little guidance or provision of accuracy requirements for the use of
location technology by contractors and consultants. The most relevant documents are the State
highway and database operations manual SHDOM) and the LRMS manual. To be successful, the use
of new technologies requires clear guidance.

Recommendation 6.1: Develop a new guideline for the appropriate use of location technology or
include a new section in the next update of the SHDOM manual. In addition, clearly state in relevant
requests for proposals and tenders that these guidelines and standards are to be followed. To further
enhance the use of appropriate location technology and new innovations, provide clear guidance and
requirements to enable the industry to choose the best tool for the job.

Recommendation 6.2: Develop a certification system for contractors and consultants working on the
state highway network. This certification would acknowledge that a provider is aware of modern
location technology, has skilled staff, a good track record and has been on a training session. This
certification would likely fit within a current certification system such as RAMM accreditation.

Recommendation 6.3: Provide a clear vision of where the industry could be in 5, 10 and 20 years.
This will allow providers to align with this strategy where possible. This vision may include references
to accuracy requirements, preference for absolute referencing, supporting a culture change and a
spatially enabled workforce.

To provide some wider context on the potential value of location technology to the economy,

New Zealand’s broader spatial information industry was estimated to add $1.2 billion of value in 2008
(ACIL Tasmin 2009). Improving the spatial data infrastructure, thereby enabling better use of location
technology, was estimated to add a further $481 million of value-added output to the economy. Informed
and appropriate use of location technology, as discussed in this report, will lead to more accurate and
accessible spatial data.
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Appendix A: Industry information request

The following email was sent to industry representatives:

Greetings

We are currently undertaking research for the New Zealand Transport Agency (NZTA) on accurate and
affordable methods of location technology on the NZTA highway network, suitable for use by contractors
and consultants - in fact any of NZTA's agents, and possibly applicable to other agencies with an interest
in the highway network. The key use for this technology will be to locate and update road asset data, and
could be a mobile or desktop based technology.

Part of this research involves engaging with industry representatives within New Zealand so we would be
very interested in any information that you could provide that the NZTA should be aware of. Information
on the use or development of this sort of technology in the transport and related sectors by your
organisation or others would be excellent.

If you would like to contribute some information and/or a summary list of products you feel might have
serious application in this field and any references by about the 8th of February, that would be most
appreciated.

We intend to measure each technology against a series of key performance indicators. These KPIs include:
a) Accuracy - looking at accuracies better than Tm through to about 5m.

b) Geographic Coverage of the NZTA State Highway network. The ability for this technology to be used
across the network.

c¢) Ease of use, especially by roading contractors.

d) Compatibility with existing asset systems particularly those used by the NZTA (e.g. RAMM).
e) Indication of Cost (set up costs, field units and any necessary office software).

f) Track record in asset management situations both within NZ and overseas.

g) The future outlook for this technology. Will it be supported in the future and is it in line with other
technology trends.

Please feel free to forward this email onto another more appropriate person in your organisation.

Regards
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Appendix B: Interview schedule

Organisation name:
Interviewee name:
Date of interview:

1 How do you currently use Location Technology to locate people, assets or events? This can be both
mobile technology or field based tools

What hardware and software do you use?
Why do you use it primarily (assets, people, and events?)

2 Can you see potential for more use of this sort of technology within your organisation?

Is it more a wider use of current technology or the implementation of new technology?

If new technology what sort of tools do you think could meet some of your requirements (higher accuracy
GPS, mobile devices, desktop or web based software)

3 Barriers

Are there any barriers stopping your organisation from using location technology more? (cost,
management, lack of knowledge/staff, coordination)

4 Learnings

From previous implementations of location technology (or any similar mobile technology) what things
helped this succeed or fail within your organisation?

List Success factors (e.g. training, appropriately resourced, software easy to use)

List Failure factors (e.g. no training, software not usable, lack of consistency across organisation)
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Appendix C: Glossary

AMA Auckland Motorway Alliance

C/A coarse/acquisition (code)

CAD computer-aided design

C-ITS cooperative intelligent transport systems

CORS continually operating reference station

CRCSI Cooperative Research Centre for Spatial Information

DOTD Department of Transportation and Development (Louisiana)
GBAS ground-based augmentation system(s)

GIS geographic information system(s)

GLONASS Russian global navigation satellite system

GNSS global navigation satellite system(s)

GPS global positioning system(s)

HSD high-speed data

IMU inertial measurement units

INS inertial navigation system

ITS intelligent transport system

KMP kilometre marker posts

KPI key performance indicator

LINZ Land Information New Zealand

MAC media access control

MMS mobile mapping system

MSAS multi-functional satellite augmentation system
NCDOT North Carolina Department of Transportation
NCRST National Consortium on Remote Sensing in Transportation (USA)
NzZGD New Zealand Geodetic Datum

NZFS New Zealand Fire Service

NZT™M New Zealand Transverse Mercator

P precision (code)

PDA personal digital assistant

PDOP position dilution of precision

Police New Zealand Police

QA quality assurance

QR quick read

RAM road asset management

RAMM Road Asset Maintenance Management (a software application)
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RFID radio frequency identification

RP route position

RS reference stations

RSL RAMM Software Limited

RTK real-time kinetic

SBAS satellite-based augmentation system

SCRIM sideway-force coefficient routine investigation machine

SHDOM State highway database operations manual (NZ Transport Agency 2004)
Transport Agency New Zealand Transport Agency

WAAS wide-area augmentation system

71



	Executive summary
	Abstract
	1 Introduction
	1.1 Objectives
	1.2 Background
	1.3 Need for the research
	1.4 Methodology
	1.4.1 Technology and industry review (A)
	1.4.2 Sector engagement (B)
	1.4.3 Assessment criteria (C)
	1.4.4 Evaluation (D)
	1.4.5 Recommendations (E)


	2 Literature and technology review
	2.1 Global navigation satellite systems
	2.1.1 Issues affecting coverage and precision
	2.1.2 Single point positioning
	2.1.2.1 Consumer grade devices
	2.1.2.2 Embedded consumer grade GNSS/basic mapping grade GNSS

	2.1.3 Differential GNSS (code)
	2.1.3.1 Mapping grade
	2.1.3.2 Enhanced mapping grade

	2.1.4 Differential GNSS (carrier phase) 
	2.1.4.1 Survey grade GNSS
	2.1.4.2 Low-cost systems

	2.1.5 GNSS simulation

	2.2 Other wireless systems
	2.2.1 Passive tracking systems
	2.2.2 Local area systems
	2.2.3 Wide area systems

	2.3 Remote sensing and analysis
	2.3.1 Examples

	2.4 Inertial navigation systems
	2.4.1 Examples

	2.5 Trip meters
	2.5.1 Examples

	2.6 Offset technology
	2.6.1 Examples

	2.7 Mobile mapping systems (MMS)
	2.8 Geographic information systems (GIS) software
	2.8.1 Examples

	2.9 Geospatial hypermedia software
	2.9.1 Examples


	3 Technology evaluation
	3.1 Key performance indicators
	3.2 Technology summary
	3.3 Results
	3.3.1 Factors for consideration
	3.3.2 High-performing technologies
	3.3.2.1 Mapping grade GNSS
	3.3.2.2 Mobile GIS with accurate imagery and consumer grade GNSS

	3.3.3 Promising future technologies


	4 Implementation roadmap
	4.1 Research
	4.2 Lessons learnt
	4.2.1 Contractors and consultants to the Transport Agency
	4.2.1.1 Potential for increased location technology uptake
	4.2.1.2 Barriers to location technology uptake and effective use
	4.2.1.3 Success factors
	4.2.1.4 Recommendations made by contracting and consulting organisations

	4.2.2 Emergency services
	4.2.2.1 Potential for increased location technology uptake
	4.2.2.2 Barriers to location technology uptake and effective use
	4.2.2.3 Success factors

	4.2.3 RAMM Software Limited (RSL)
	4.2.3.1 Barriers to location technology uptake
	4.2.3.2 Success factors

	4.2.4 International evidence

	4.3 Additional organisational guidelines for investment in new technology
	4.3.1.1 Agility
	4.3.1.2 Alignment within an organisation and the wider industry
	4.3.1.3 Measuring costs and returns

	4.4 Policy and vision
	4.4.1 Policy
	4.4.2 Vision

	4.5 Technology trials

	5 Conclusions and recommendations
	6 Bibliography
	Appendix A : Industry information request
	Appendix B : Interview schedule 
	Appendix C: Glossary

