INTRODUCTION
Mobile Laser Scanning (MLS) is a rapidly advancing method of capturing vast amounts of spatial and
image data from terrestrial based vehicles. The type and extent of information captured varies greatly
and is dependant upon the purpose of the capture and the equipment used. Currently in the market
there are several suppliers of MLS systems with differing capabilities, costs and suitability and as most
systems are in the early stages of development reliability issues and systematic problems are common.
This emerging technology however is a major advancement in scanning technology and has the potential
to significantly change how on pavement survey will be carried out in the near future possibly even
tomorrow. With 10 years experience in terrestrial scanning including several research and development
projects into MLS options North Surveys recognised the new technology as an exciting opportunity to
further increase our scanning capabilities. The challenge was to identify where this technology could be
used and then to successfully complete the work given the uncertainties in the equipment capabilities
and resulting data accuracy.
In Queensland recent weather events have damaged vast lengths of the state’s roads, particularly in the
regional and rural areas. As part of the road recovery program, engineers have the task of designing
road repairs without detailed information of the existing road. Generally these roads have no available
design or survey information regarding the alignments and cross falls, which makes detailed engineering
design difficult and reliant on site inspections.
As a result our client had a need to survey many hundreds of kilometres of road in a very short
time frame and we identified that MLS was potentially the solution to surveying such a large amount of
road efficiently, quickly and safely. As a result we were requested by our client to investigate the
potential of mobile scanning to undertake this task.
As an emerging technology, most commercially available MLS systems are targeted as GIS data capture
solutions without the necessary rigorous testing to establish the accuracy and consistency of survey
grade requirements. Initial testing by North Surveys was therefore focused on capture methodology,
identification and correction of systematic errors and analysis of data accuracy. This initial testing of the
system also included meetings with all stakeholders to disclose findings and development of the project
scope of works and model specifications.
Successful testing and development of capture and processing procedures resulted in award of the
contract by the client and North Surveys went on to complete the scan of thousands of kilometres of
roadway in an unprecedented timeframe. In addition to the survey grade scan data the GIS components
of the system allowed us to provide the most complete data sets we have ever produced. This contract
has been successfully delivered with groundbreaking cost and time savings.

BACKGROUND
North Surveys were approached by our client to find a solution to rapidly survey thousands of
kilometres of roadway in Queensland to assist with redesign of flood damaged roads. Our clients required
the survey data to be delivered with two months, have a minimum disruption to traffic and model data
accuracy to be comparable to conventional survey grade accuracy.
To survey such extensive lengths of road in such a short timeframe North Surveys indentified MLS as a
possible solution. At the same time the Department of Transport and Main Roads (TMR) were also
interested in mobile mapping solutions, however there were conflicting reports in the industry about the
capabilities of the technology and early testing had produced inconsistent results. After initial meetings to
share knowledge, identify requirements and preliminary specifications, North Surveys committed this
technology to trial to assess the suitability for the task.

Most of the systems available
commercially at the time of this
project were GIS solution based
and lack rigorous testing to determine the accuracy and consistency
of results. For the trial North Surveys decided to develop and carry out comprehensive tests with mobile scanning to determine suitability and reliability as well as an
analysis of data precision and accuracy. The
system needed to be thoroughly tested to the
satisfaction of ourselves, TMR and our clients
before we could proceed with the project.
The platform used by North Surveys for the
trial was the Topcon IP-S2. This system was
primarily selected due to its availability,
affordability and the standardised imaging.
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From a previous scanning project we had scanned a portion of the Logan Motorway using
terrestrial scanning. The terrestrial scan had been carried out to TMR’s specifications. North
Surveys had a 300mm gridded mesh over the pavement for 10km to an accuracy within 5mm which
was used as the base reference model for comparing the absolute accuracies of the IP-S2.

ORIGINAL TERRESTRIAL SCAN DATA

USED FOR

BASELINE TESTING

As a comparison the original terrestrial scan project required two field crews, one lane to be shut
down with appropriate traffic control and could only be carried out during night shifts. Using
terrestrial scanning to TMR standards we scanned approximately 1km per night with good conditions,
and the survey was completed over 15 nights; whereas for the trial, the scanner was driven at
posted speeds, required no traffic control and the fieldwork to complete the trial took approximately
2 hours.
The mobile scanning capture of the data over 10 kilometres was quite a simple process. The real
challenge lay in fact that the commercially available software leaned very heavily towards GIS
applications and therefore the data had to be manipulated to achieve required accuracies. Quality
assurance systems needed to be created to detect, report and rectify data where tolerances were not
met. Furthermore the data had to be provided in a format suitable for design.
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To achieve the best possible accuracies the road was scanned with multiple passes. The
redundant scan data was averaged and used to identify where poor registration had
occurred. North Surveys experimented with the number of passes and averaging algorithms
to achieve the optimum results.
North Surveys presented its findings to TMR and Position Partners and provided the
pavement base line to both Position Partners and TMR for testing with other systems.
After processing the data using Geoclean and our own processes, a control line was created along the
length of the road with points every 10 metres. Statistical analysis was carried out over the differences
of the interpolated levels of the base line scan to the mobile scan. This sample set indicated that with
95% probability the deviation of the interpolated points from the mobile scanner fell within +/- 28mm of
the baseline scans. By applying averaging algorithms over each of the passes we were able to improve
this to +/- 22mm. With further ground proofing it can be shown this figure can again be improved to an
interval of +/-15mm. However this is very labour intensive and requires surveyors to enter the road
way, cancelling a lot of the benefits from mobile scanning.
The Queensland Department of Transport & Main Roads Surveying Standards provides guidelines
for undertaking conventional surveys. The Standards do not cover the implementation of laser scanning
methodologies; however they can be used as a guide to gauge the accuracy of the results from the trial.
Under Section 2.5.3.3 Interpolated Heights of the standard, the stated tolerance for the difference
between a terrain point's interpolated height and its independently levelled value for pavements
(widening/overlay) is +/- 20mm. With further ground proofing the data can be improved to achieve the
required specifications. Although the above results do not meet the specified tolerances when using
averaging algorithms, they are comparable, and the cost and safety benefits make it a very attractive
solution.
North Surveys also investigated how these errors were distributed. For the data to be of use for design
purposes we require the system errors to be gradual so that the relative accuracy is acceptable. TMR is
considering adopting maximum sliding error standards over the length of the road to be applied to mobile
scanning in the future. In this trial data set analysing a sliding 100m relative difference indicates that
with a 95% probability the forward point will be within +/-17mm of the start point. Over the entire data
set no two points differed more than 25mm relatively over the length of 100m.
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North Surveys has also developed macros and software to streamline the processing a major component of the final deliverables. The processes identify if tolerances are not
being met and pinpoint exactly any problem areas. This has allowed North Surveys to
target problem areas for ground truthing to ensure integrity of the data over the entire
data set. Ground truthing can also be undertaken over any area identified by the client if
they require greater accuracies. For the purpose of the project the workflows developed
by North Surveys were considered a good balance of accuracies achievable compared to the expense
and timeliness of different methodologies.

PROJECT DETAILS
With the promising results from the trial North Surveys used the IP-S2 to scan more than 4,000
kilometres of Queensland roads. The logistics to carry out the scanning in such a short time frame were
considerable. Three crews were used for the survey: one crew to plan the GPS network and place
survey control, one for the GPS network observations and QA and the last crew to carry out the
scanning. With the methodologies developed the capture rate averaged 60-100 kilometres per day
subject to the complexity of the required survey and the seasonal available light for image capture.

One of the significant advantages of the system was the heath and safety component. In the
process the scan vehicle travelled at 80km/per hour without the need for traffic control and, most
significantly, at no point did any survey personnel have to enter the roadway. There were no
disruptions to traffic, which not only provided a significant cost saving but also a far safer methodology
than any conventional means of survey. This will have huge implications in the future as access to
roadways becomes more restricted due to heath and safety regulations.
Even though North Surveys has had experience with scanning since 2001 the huge volumes of data
make the logistics of managing the data still a challenge. 3D scanning, GPS and IT specialists were
required to stitch the data from the different sensors into to a product suitable for design.
As the IP_S2 is designed primarily as a GIS solution it did present a challenge and required a lot of
development to create a survey product; however we were able to take advantage of the GIS
components and integrate it to value add to the final deliverable. Georeferenced 360 degree images
were taken every 5m along the trajectory during the scan capture. As part of the deliverables the
clients are provided with the 3D point cloud and conventional survey plan in 12D. The 12D file links
back to the imaging which can be used for verification etc. The client is also provided with a Google
Earth KML overlay showing the trajectory of the project which is referenced back to the imaging.
Quality strings are also included in the data set indicating the spread of data from which the final
average has been derived.
With these deliverables the client not only has a large and comprehensive data set but also the tools
and add-ons which can be used to visualise, manipulate and interrogate the information supplied. This
is one of the project’s most significant achievements, as by making the supplied data user ready and
easy to interrogate, North Surveys has overcome any barriers to market acceptance of the technology
and promoted surveyors as the experts of MLS.
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North Surveys has delivered several hundred kilometres of the project. The designers
and construction contractors using the final deliverables have given positive feed back
from the delivered data sets. TMR have carried out auditing of a section of our final
deliverables and have found all pavement data within the 35mm tolerance. Integration
of conventional surveys has also been successful.
With the success of this project North Surveys has been awarded contracts to survey over four
thousand kilometres of roadway. This technology has increased our efficiency for field survey a
hundredfold. A year ago we would only expect to capture 1 kilometre of pavement using terrestrial
scanning in a full day. Now we are capable of capturing over 100 kilometres. This allows us to
survey huge volumes data at an unbelievable level of cost efficiency. This has opened new markets
we are just now starting to explore.

SUMMARY
North Surveys has a ten year history of research and innovation in the field of 3D
canning. This experience has been applied successfully in developing mobile scanning
methodologies and systems over extensive lengths of road infrastructure.
We adapted existing GIS solutions, developed capure methodologies and processing
procedures to achieve required accuracies. We developed data interrogation techniques
to detect report and rectify out of tolerance data and provide data in an enhanced format
suitable for design and end user use.
With further development we believe we can take this technology much further in
accuracy and extend its uses to other fields. We believe we can get the accuracy down to
the 10-15mm range and still be commercially viable. As with most scanning technology it
is only limited by one’s imagination.
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