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Executive Summary 

SCANNER surveys were introduced in 2009 to provide network-wide condition assessment 
of the local A, B and C road network using survey vehicles that travel at traffic-speed 
measuring the shape of the road surface using laser sensors, and imaging the surface using 
digital cameras. The collected data is processed and converted into condition parameters, 
such as rutting, and delivered in a UKPMS-compliant format to local authorities, for loading 
into their pavement management systems. It is also used to identify lengths in need of 
maintenance or further investigation, and to support scheme identification and 
prioritisation. The data also supports asset valuation, via the Carriageway Condition Index 
(CCI), which is a methodology recognised by HAMFIG and CIPFA for use in Whole of 
DƻǾŜǊƴƳŜƴǘ !ŎŎƻǳƴǘǎ ό²D!ύ ŀƴŘ ŦƻǊ ǊŜǇƻǊǘƛƴƎ ǿƛǘƘƛƴ ƭƻŎŀƭ ŀǳǘƘƻǊƛǘƛŜǎΩ ƻǿƴ ŀŎŎƻǳƴǘǎΦ  

{/!bb9w ǿŀǎ ŘŜǾŜƭƻǇŜŘ ŦǊƻƳ ǘƘŜ IƛƎƘǿŀȅǎ !ƎŜƴŎȅΩǎ ¢w!/{ ǎǳǊǾŜȅ ƻŦ ǘƘŜ ǎǘǊŀǘŜƎƛŎ ǊƻŀŘ 
network. Research supported by the DfT, was carried out between 2003 and 2007 to adopt 
the survey for local roads. This delivered a range of outcomes, including an updated survey 
ǎǇŜŎƛŦƛŎŀǘƛƻƴΣ ŀ ǎŜǘ ƻŦ άŜƴƘŀƴŎŜŘέ ǇŀǊŀƳŜǘŜǊǎ ŦƻŎǳǎǎŜŘ ƻƴ ƴŀǊǊƻǿŜǊ ƭƻŎŀƭ ǊƻŀŘǎΣ ŀƴŘ ǘƘŜ 
definition for the SCANNER Road Condition Indicator (RCI), which is used to estimate the 
overall condition of  each length of the network.   

In 2014 a development group led by software developers, survey contractors, the SCANNER 
auditor, and local authorities (the SCANNER Development Group, SDG) commenced a 
review of the performance and status of the SCANNER survey, in the light of the experience 
of local authority data users, SCANNER survey contractors and the SCANNER auditor. The 
groups identified three key areas where enhancements or modifications to SCANNER were 
required: 

¶ Consistency: Despite the detailed QA and Accreditation process employed for all 
SCANNER data there continue to be issues identified with the consistency of 
SCANNER surveys, in particular in the measurement of cracking. (Task 1) 

¶ SCANNER Condition Parameters: SCANNER survey reports a wide range of 
parameters on surface condition. However, there is concern that these are not well 
used, and that SCANNER does not report all of the defects that authorities regard as 
important to include in a condition survey. (Task 2) 

¶ Appropriateness of the SCANNER RCI: Does the SCANNER RCI relate well to LHA 
maintenance decisions, and how LHAs might want to track the effects of 
maintenance? Could the SCANNER data be better associated with the treatments 
that are (or would be) undertaken? (Task 3) 

Improvements to data consistency and relevance all improve the value for money obtained 
from SCANNER surveys. Therefore the Scottish Road Research Board (SRRB), in collaboration 
with UK Roads Board, commissioned work to investigate and develop SCANNER surveys in 
the three key areas identified above, which have been separated into Three Tasks. The work 
described in this report was carried out under Tasks 1 and 2. Task 1 has investigated the 
consistency of the cracking and rutting data and how it might be improved. Task 2 has 
investigated if and how the SCANNER parameters can be optimised to reflect LHA needs. 
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Task 1: The cracking data has a significant effect on the year to year consistency of network 
level reporting. Cracking has been observed to be the main cause of the large 
inconsistencies seen in the QA audit process. There may be differences between the level 
consistency of cracking on rural and urban roads, but this was not strongly shown in 
individual LHAs. However, cracking data collected during the winter months is observed to 
be less consistent than data collected during the summer. Therefore it is recommended that 
a winter shutdown is implemented, which will require discussion with the survey industry. 

There is  currently no method to check that the fleet is consistent in the measurement of 
cracking, and the repeatability test is also weak. This project has therefore developed 
enhancements to the cracking Accreditation process. It is recommended that the test for 
repeatability devised within this project is implemented immediately. A new test for fleet 
consistency has also been devised within the project. It is a more complex test, that will 
require experience to understand its effect on the current SCANNER fleet. It is therefore 
recommended that this test is implemented now and trialled over the next 12 months, to 
allow SCANNER contractors time to develop an action plan to improve any devices found to 
be inconsistent. It would become a formal requirement at the end of the trial. 

Rutting is generally considered a reasonably consistent parameter. However, whilst 
inconsistencies tend to be small, they can become significant when combined with other 
parameters, to influence the RCI. Overall the fleet has become more consistent in the last 
few years. However, there is a noticeable difference between the fleets of the two current 
contractors, with an average difference in rut depth of 1.7mm being reported.  

Possible routes to improve the consistency of rutting have been investigated that include 
development in both the collection and the processing technologies. It has been shown that 
higher resolution systems, with wider measurement width, could provide more accurate 
and repeatable data. Using a centrally defined and controlled rut algorithm could also 
improve fleet consistency. As SCANNER contractors now employ such systems (and sample 
their data down), it should be practical to increase the performance requirements defined in 
the SCANNER specification. In addition, the TRACS rutting algorithm has been trialled and 
found that, subject to improvements to both the edge detection algorithm and the 
placement of the straight edge, it should be able to provide good performance. Therefore it 
is recommended that  implementation of these updates to the SCANNER requirements 
should be considered.  

Task 2: SCANNER delivers more than 20 parameters but only a few are used to calculate the 
Road Condition Indicator (RCI). Also few LHAs make use of the enhanced parameters 
provided in the 2007 research. Conversely, the survey does not provide all the condition 
parameters that are considered to be important by LHAs.  Better value could be obtained 
from SCANNER if the parameters were optimised to reflect LHA needs. LHAs and PMS 
providers have been consulted to identify potential revisions/enhancements to the 
SCANNER condition parameters, or potential new parameters that could be included in a 
future SCANNER survey. Several observations and recommendations resulted from this 
consultation and have been to identify a number of potential quick wins (enhancements 
that could be implemented in the next 12 months) and longer term developments 
(enhancements that would require a development phase over the next 12-24 months 
followed by implementation). 
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¶ Quick Win 1: Cracking 
o The consistency improvements recommended in Task 1 should be implemented 

as soon as practical; 
o Of the delivered cracking data, value is being drawn  from Whole Carriageway 

Cracking and Wheeltrack Cracking. The remaining surface deterioration 
parameters are not required in the delivered data. 

¶ Quick Win 2: Ride Quality 
o Use is only being made of one of the two roughness parameters. LPV should be 

phased out and replaced with eLPV. This will deliver a more stable and accurate 
RCI, and will reduce the adverse effect of geometry on the data; 

o The measurement of roughness is failing to report defects present in the offside 
wheelpath. The measurements from both wheelpaths should be included in the 
RCI calculation,  to provide a more robust assessment of ride quality. 

¶ Longer term development 1: Rutting 
o The improvements to transverse profile recommended in Task 1 should be 

implemented as soon as practicable. Delivery of wider, higher resolution profile 
will improve accuracy and repeatability. A replacement for the current rut 
measure should also be considered. A single rut algorithm across all SCANNER 
devices would minimise the differences arising from the use of different 
algorithms by different contractors.  The new rutting could be trialled alongside 
the current rutting, until deemed acceptable; 

o Rut depth is sometimes an inappropriate measure to use on narrow roads (e.g. 
U roads). Transverse variance would be a more appropriate parameter on these 
roads.  The use of this parameter should be considered further.  

¶ Longer term development 2: Fretting 
o There is a clear call from LHAs for a measure of fretting. The current SCANNER 

texture variability provides a poor proxy for this.  
o The use of multiple line texture measurements, extracted from high resolution 

transverse profile data, shows promise for the identification of fretting. A 
method should be developed to deliver fretting from this data,  

¶ Longer term development 3: Bump/pothole measure 
o There has been a strong request for potholes to be included in SCANNER.  The 

current SCANNER Bump Measure does not provide a reliable network level 
indicator of the extent to which the network is affected by such features. 

o High resolution transverse profile data could be adopted to provide full lane 
width longitudinal profile data, from which a more reliable bump/pothole 
measure could be obtained. Development of this parameter is recommended. 

¶ Longer term development 4: Training 
o There is a need to develop an education strategy. This could be developed 

alongside the recommendations of Task 3, to include the survey, its 
measurements and the uses of the data (RCI/UKPMS). 

o The purpose of the strategy will be to develop local authority confidence and 
expertise in the use of SCANNER data.  It is envisaged that delivery is likely to be 
via high-quality multimedia education materials so that the courses are inclusive 
and accessible regardless of location, time constraints or other local limitations. 
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1 Introduction 

The SCANNER survey provides network wide condition assessment of the local A, B and C 
road network using traffic-speed survey devices that collect data on the visual condition and 
shape of the road surface.  The collected data is processed and converted into condition 
parameters, such as rutting and cracking, and delivered in a UKPMS compliant format to 
local authorities, for loading into their pavement management systems.   

The data is used within UKPMS compliant systems for reporting the condition of classified 
local authority roads. It is also used to identify lengths in need of maintenance or further 
investigation, and to support scheme identification and prioritisation. The data also 
supports asset valuation, via the Carriageway Condition Index (CCI), which is a methodology 
recognised by HAMFIG and CIPFA for use in Whole of Government Accounts (WGA) and for 
reporting within local authƻǊƛǘƛŜǎΩ ƻǿƴ ŀŎŎƻǳƴǘǎ.  

SCANNER (initially called ¢¢{ύ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ŦǊƻƳ ǘƘŜ IƛƎƘǿŀȅǎ !ƎŜƴŎȅΩǎ ¢w!/{ ǎǳǊǾŜȅ ƻŦ 
the strategic road network. TRACS was designed for condition measurement on roads that 
were typically wide and even, and with few extremes of geometry. Therefore development 
was undertaken to adopt the survey for local roads. A programme of research, supported by 
the DfT, was carried out between 2003 and 2007 to undertake this development. The 
primary outcomes were revisions to the data collection requirements to better suit local 
roads, and the delivery of parameters better focussed on narrower local roads, describing 
defects such as unevenness and edge deterioration. The research also delivered the 
definition for the SCANNER Road Condition Indicator (RCI), which estimates the overall 
condition for each length of the network.   

SCANNER surveys are governed under the RCMG, and its sub groups. A working group led by 
SCANNER contractors and the SCANNER auditor (SCANNER contractor liaison group, SCLG) 
provides a forum for management and review of the on-going accreditation and QA process. 
A development group led by software developers, survey contractors, the SCANNER auditor, 
and local authorities (the SCANNER Development Group, SDG) provides a further forum for 
the identification of any issues that might be present in SCANNER/UKPMS. In 2014 these 
groups commenced a review of the performance and status of the SCANNER survey, in the 
light of the experience of local authority data users, SCANNER survey contractors and the 
SCANNER auditor. The groups identified a number areas where enhancements or 
modifications to the SCANNER process were required, in particular the following three key 
areas.  

Optimising the consistency of SCANNER data  

As an important survey for both local and national condition assessment a need for 
consistency and quality control was recognised from the beginning of the SCANNER process. 
The SCANNER specification requires that all survey devices are accredited, and includes 
detailed requirements for external independent auditing of the data delivered to Local 
Highway Authority (LHA) clients. However, even with this process there continue to be 
issues identified with the consistency of SCANNER surveys. Of the current core data, 
cracking is the parameter that raises most concern. It is inconsistent across the fleet of 
SCANNER devices, in that the absolute intensities of cracking reported differ across the fleet 
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and there is inconsistency in the ability of the devices to report cracking at the same 
locations. Although rutting is more consistent than cracking, concerns were raised over this 
measure because issues had been identified with localised bias, noise and inconsistency 
from device to device (which may be site dependent). This issue is relevant because of the 
more significant contribution that rutting makes to the SCANNER RCI. 

The SCANNER Condition Parameters  

The SCANNER survey reports a wide range of parameters including texture, ride quality, 
rutting, cracking, edge deterioration etc. A number of these were introduced at the 
conclusion of the 2009 research, but there has been no follow-up work to investigate their 
capability and relevance.  There is also concern that SCANNER does not report all of the 
defects that authorities regard as important to include in a condition survey. For example, 
surface defects such as fretting, fatting and, perhaps, potholes. The question has therefore 
been raised as to whether the current parameter set is appropriate or sufficient to support 
maintenance operations.  

The Appropriateness of the SCANNER RCI 

The review questioned whether the current method of reporting SCANNER data (RCI) 
matches how Local Highway Authorities (LHAs) make maintenance decisions or how LHAs 
might want to track the effects of maintenance. Although the RCI reports the percentage of 
the network that is estimated to be in poor condition (i.e. ƛƴ ŀ άǊŜŘέ ŎŀǘŜƎƻǊȅ), this does not 
necessarily mean that this is the length that needs treatment, or is the length that will 
actually receive treatment. This reduces the link between the SCANNER data and the LHA 
maintenance activities. It has been suggested that more value might be obtained from 
SCANNER if the data could be better associated with the treatments that are (or would be) 
undertaken. 

Thus the Scottish Road Research Board (SRRB), in collaboration with UK Roads Board, have 
commissioned work to investigate and develop the SCANNER survey.  The research consists 
of 3 tasks, relating to the three key areas identified above: 

¶ Task 1 ς Consistency of SCANNER data 

¶ Task 2 ς SCANNER Condition Parameters 

¶ Task 3 ς Appropriateness of the SCANNER RCI. 

This report describes the work carried out within Task 1 and 2, and the recommendations 
arising from this work.  Task 3 is discussed in a separate report (Cartwright & Spong, 2017). 
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2 Task 1  - Consistency of SCANNER Cracking data 

Task 1 investigates the consistency of the SCANNER data, focussing on the measurement of 
rutting and cracking, which were identified as key consistency concerns in the SCANNER 
Development Group review. This section discusses the measurement of cracking. 

2.1 Approach 

SCANNER ƛǎ ŘŜƭƛǾŜǊŜŘ ǘƻ ŀƴ άŜƴŘ ǊŜǎǳƭǘέ ǎǇŜŎƛŦƛŎŀǘƛƻƴ, which does not state the method with 
which cracking should be identified on the local road network. The specification defines the 
accuracy requirements for the measurement, and how it should be reported in an HMDIF 
file (percentage of road surface affected). This allows contractors to use any suitable  
technology and, in theory, allows developments in the field of crack detection to be 
available for the SCANNER survey.  However, this approach derives from TRACS surveys, for 
which the Highways Agency (now Highways England) would commission a single contract 
over a long (5 year) period. It has some weaknesses where there are multiple vehicles using 
different approaches. The flexibility in the performance requirements potentially allows 
individual devices to achieve accreditation, but with differences occurring between devices 
in the fleet (in terms of the absolute levels of cracking reported). This has become more of a 
problem as additional devices have been introduced to the survey.  

The method used by current SCANNER survey contractors, to identify cracking on the 
network, is to collect downward facing images of the pavement surface and then use a 
computer algorithm to analyse the images to identify the cracks present. The image systems 
are different between contractors and can differ within individual contractorsΩ fleets. Also 
each contractor uses their own bespoke algorithm to analyse the images. Potential for 
inconsistency can arise from differences in the image collection systems used, in addition to 
differences due to the different analysis methods. 

Improvements to cracking consistency could potentially be achieved by developing and then 
specifying the specific equipment and algorithms to be used for SCANNER surveys. However, 
this was not considered practical. Such development would be far outside the scope of the 
project (industry has been working at this problem for over a decade, and yet concerns over 
consistency still exist), it would also be a fundamental change to the end result approach of 
SCANNER, and it could result in a mature and significant survey industry (there are 15 
current vehicles) having to be significantly updated/replaced.  

Therefore, the focus of Task 1 has been to obtain a better understanding of the consistency, 
in terms of its significance to SCANNER, and has then investigated whether improvements to 
the Accreditation process could be used to assist in increasing consistency across the 
current fleet, and any new systems that might join the fleet.   

The investigation carried out to support this work has required the collation of large 
datasets from the network survey and from the accreditation tests. These have then been 
analysed to understand the issue and to propose solutions. The detail of this work is 
presented in Appendix A. The following sections present a summary of the results and  
recommendations. 
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2.2 The effect of cracking consistency on network surveys 

The problems seen with cracking consistency have been assessed by using network data. 
We have considered whether the issue actually has a material effect on network reporting 
and, if so, how significant it is. Also, whether there is any evidence that any particular aspect 
affects the performance e.g. road type, urban/rural, survey dates.  

2.2.1 Effect of cracking on RCI 

The RCI combines the rutting, roughness (LPV), texture and cracking data to obtain an 
overall score that is used to report the condition of each 10m length. The UKPMS rules and 
parameters define the thresholds and weightings for calculating the RCI. These rules apply a 
weighting of only 0.6 to cracking. This means that cracking has less influence than other 
parameters such as rutting, which is weighted at 1 (McRobbie et al., 2007). This means that 
ŎǊŀŎƪƛƴƎ ƛǘǎŜƭŦ Ŏŀƴƴƻǘ ǊŜǎǳƭǘ ƛƴ ŀ ƭŜƴƎǘƘ ōŜƛƴƎ ǊŜǇƻǊǘŜŘ ŀǎ άǊŜŘέΣ ŀǎ ǘƘƛǎ ǊŜǉǳƛǊŜǎ ǘƘŜ ƭŜƴƎǘƘ 
to have a score >100 and cracking can contribute up to 60 points only.  

The SCANNER QA process examines all SCANNER data each year and also calculates an Audit 
Indicator (AI) reporting ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ƭŜƴƎǘƘǎ ǊŜǇƻǊǘŜŘ ŀǎ άǊŜŘέ ƛƴ ŜŀŎƘ ȅŜŀǊ. This is 
conceptually similar, but not the same as, Single Data List Items 130-01 and 130-02, the 
national indicators. The QA also examines changes in the AI.  As there is expected to be 
some stability in the data, Authorities where there are significant changes in the AI are 
investigated to determine if the change is associated with poor data quality.  

The research has investigated the effect of inconsistency in the cracking data on the AI by 
ǎǳōǎǘƛǘǳǘƛƴƎ ŎǊŀŎƪƛƴƎ Řŀǘŀ ŦǊƻƳ ƻƴŜ ȅŜŀǊΩǎ ǎǳǊǾŜȅ ƛƴ ǇƭŀŎŜ ƻŦ ǘƘŜ ŎǊŀŎƪƛƴƎ Řŀǘŀ ǊŜǇƻǊǘŜŘ ƛƴ 
ǘƘŜ ǇǊŜŎƛƻǳǎ ȅŜŀǊΩǎ ǎǳǊǾŜȅ ƛƴ ǘƘŜ ǎŀƳŜ !ǳǘƘƻǊƛǘȅΣ ǘƻ ǎƘƻǿ Ƙƻǿ ǘƘŜ ǎǘŀōƛƭƛǘȅ ƻŦ ǘƘŜ !L ǿƻǳƭŘ 
improve if the cracking data was very stable. For the authorities tested it could be seen that 
inconsistency in cracking was the main cause for the large inconsistency in AI between the 
two years, and we can conclude that inconsistency in cracking data can and does have a 
significant effect on network level reporting. 

2.2.2 Effect of road environment  

¢ƻ ŀǎǎŜǎǎ ǘƘŜ ǾŀǊƛŀōƛƭƛǘȅ ƛƴ ŎǊŀŎƪƛƴƎ ōȅ ǊƻŀŘ ŜƴǾƛǊƻƴƳŜƴǘΣ с ȅŜŀǊǎΩ Řŀǘŀ ǿŀǎ ŎƻƭƭŀǘŜŘ ŦǊƻƳ 
the national SCANNER database of SCANNER survey data and the average cracking 
calculated for each year, broken down by road environment (urban/rural/principal/non-
principal). Although there will be subtle differences from year to year, it would be 
reasonable to assume that the average value would remain similar from year to year.  Initial 
assessment of the data showed that, overall, the variability from year to year is greater for 
urban roads. In theory, this could arise from the greater influence of more challenging 
features such as reinstatements, ironwork etc. on the crack detection systems. However, 
further analysis at the individual authority level did not confirm that the consistency is 
worse in urban areas. Therefore, whilst the overall network assessment indicates a possible 
difference between rural and urban, this is not strongly shown in individual LHAs. 
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2.2.3 Seasonal variation 

An assessment was carried out to determine whether the time of year that the cracking was 
collected has any effect on the consistency. Data was extracted from the SCANNER national 
database for surveys performed in the summer (May to September) and winter (November 
to February). The cracking data collected during the winter was shown to be more variable, 
and tests showed this was particular to cracking (the behaviour was not seen in other 
parameters, such as rutting).  Further separation by both environment (urban/rural) and 
season showed that the greatest variability can be seen in the winter/urban data, but the 
inconsistency seen in the winter data is not solely due to the increased variability due to the 
urban lengths.  

Therefore it can be concluded that surveying in the winter appears to have a detrimental 
effect on the consistency of the data. As a result it was proposed that an approach be 
adopted to minimise the effect of winter on SCANNER consistency. Several approaches were 
suggested: 

¶ Implement a winter shutdown for the surveys e.g. between December and February 
inclusive, similar to that for SCRIM; 

¶ Calculate RCI excluding cracking collected during winter months or include an 
estimate of cracking instead; 

¶ Mark the data as unreliable, thus enabling Local Authorities to choose whether to 
include the data in the RCI calculation. 

A consultation was therefore carried out with stakeholders on these proposals, asking the 
following questions: 

¶ What are your thoughts on a winter shutdown (i.e. does it sound like a good idea or 
would it not really affect the way that you currently use the data)? 

¶ Would this have an effect on when you usually receive your SCANNER data and, if so, 
how? 

¶ If you would like to see it implemented, what increase in cost (either £/km or %) 
would you find acceptable to ensure better consistency in the data? 

¶ If surveying continued to happen throughout the year, what are your thoughts on  
o Excluding cracking collected during the winter months from the RCI 

calculation 
o Excluding cracking collected during the winter months from the RCI 

calculation but including an estimate of the cracking instead (from previous 
ȅŜŀǊǎΩ Řŀǘŀ ƻǊ ŀǾŜǊŀƎŜ ǾŀƭǳŜ ŦǊƻƳ ǘƘŜ ƭƻŎŀƭ ŀǊŜŀύ 

o Marking the data as unreliable. 

The stakeholders consulted included the following Local Authorities: Bristol, 
Carmarthenshire, Cornwall, Cumbria, Essex, Leicester, South Lanarkshire, and 
Worcestershire. 

Four of the authorities consulted only had summer surveys, so stated that a winter 
shutdown would not affect them/improve their data. Six authorities gave an opinion (2 who 
have summer surveys): 

¶ Most felt that a winter shutdown would be a good idea, if it improved cracking 
consistency.  
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¶ One felt that this was a sticking plaster approach and we should just return to using 
CVI.  

¶ Most felt that ensuring data was collected in the summer would improve the 
timelines, in terms of receiving the data and being able to generate their programme 
of works. 

¶ There was general unease at the suggestion to exclude cracking from the RCI 
calculation, when the data was collected during the winter. The suggestion to 
include an estimate ƻŦ ŎǊŀŎƪƛƴƎ ŦǊƻƳ ǇǊŜǾƛƻǳǎ ȅŜŀǊΩǎ Řŀǘŀ ǿŀǎ ŀƭǎƻ ƳŜǘ ǿƛǘƘ 
apprehension. 

¶ All would prefer to see no cost increase but accepted cost increases ranging from 1-2% 
up to 5%. 

2.2.4 Thresholds used for cracking in the RCI calculation 

The effect of how the RCI thresholds have been set on the perceived consistency of the 
cracking data has been investigated by simulating the effects of the consistency using data  
from the national SCANNER database and observing the change in the RCI (see Section A.1.4 
in Appendix A). It was found that the thresholds have a minor contribution to the changes in 
the RCI, but are unlikely to be the major factor in causing cracking consistency to have a 
large effect on the RCI.   

2.3 Improving Consistency via the Accreditation process 

The current approach to accrediting SCANNER vehicles is clearly defined in the SCANNER 
specification (SCANNER Specification, Volume 5). In summary, a vehicle is required to collect 
cracking data on a set of reference sites for which cracking has been measured using manual 
assessment methods. The machine provides data which is reported as the total area of 
cracking in each 50m length. The test and the reference datasets are normalised such that 
the average level of cracking is 1, and each 50m length is then defined as containing high, 
medium  or low levels of cracking. The machine passes the test if it reports a sufficient 
percentage of lengths that are also reported by the reference as high, medium or low. Note 
that the test is spatial, in that the same specifically located lengths must be reported as high, 
medium or low, not just the overall number.  In practice this test has been challenging for 
contractors to meet, so that there has been a degree of pragmatism included in the 
assessment process since the commencement of SCANNER surveys, with contractors usually 
having an ongoing Improvement Action Plan (IAP) to increase their statistical performance. 
This has led to some improvements in the performance of devices, and has actually reduced 
the variability (as show in A.2.1), but the consistency of the measurement is still 
proportionately worse than other measures such as rutting. 

The normalisation process is included because, historically, there has been difficulty in 
providing directly similar absolute values to that reported in the reference.  Therefore the 
focus has been ƻƴ ǘƘŜ ǊŜƭƛŀōƭŜ ǊŜǇƻǊǘƛƴƎ ƻŦ άǇƻƻǊ ƭŜƴƎǘƘǎέΣ ŀƴŘ ƴƻǘ ƻƴ ǘƘŜ ŀōǎƻƭǳǘŜ ƭŜǾŜƭΦ 
However, this was a much more appropriate test for TRACS, and has weaknesses once a 
fleet of different vehicles is in use: A fleet of devices that all passed the accreditation could 
deliver very different levels of cracking. 



Development of SC ANNER and UKPMS    

 

 

Draft 7 PPR816 

The accreditation method is also applied to test the repeatability of the data. In this case the 
data from two runs from a device are taken and individually normalised, with one run then 
considered the reference and the second considered the test. It is possible that a device 
could report twice the level of cracking from one run to another but would still pass this test.  
This would not be considered repeatable for any other parameter and, whilst this scenario 
has not been seen in practice, there is a need to develop a more appropriate test of 
repeatability where the actual values reported are compared. 

Therefore there is currently no method to check that the fleet is consistent, and the 
repeatability test is weak. Such tests should be included in the Accreditation and are 
discussed in Sections 2.4 (repeatability) and 2.5 (fleet consistency). 

It is further noted that the accreditation of devices for cracking is carried out on  
approximately ten sites, which are spread around Berkshire. Four of these sites are 
predominantly from the trunk road network (M25, M4EB, M4WB and A329M), and six from 
part of the SCANNER network. The 6 sites on the SCANNER network comprise over 70km of 
road and are split by rural/urban as shown in Table 1. 

Table 1: Lengths of sites used for cracking accreditation 

 Length 

All roads included in accreditation sites (excluding trunk roads) 72.8 km 

of which rural 60.87 km (84%) 

of which urban 11.93km (16%) 

 
Thus the crack sites used for Accreditation contain short lengths of urban roads when 
compared to rural roads.  Given the observations made above regarding the influence of 
urban lengths on the consistency of cracking, it may be sensible to include a higher 
proportion of urban lengths in the tests.  

2.4 Development of repeatability tests for cracking 

Several methods were identified in this specific field with potential for use in assessing 
either the repeatability or the fleet consistency of SCANNER devices. These, which included 
the TRACS approach and the SCRIM approach, were reviewed (Section A.2.2 in Appendix A), 
and it was concluded that none was appropriate for assessing the repeatability of SCANNER 
cracking in the SCANNER Accreditation tests.  

Therefore other standard statistical tests were assessed for appropriateness to test the 
repeatability of SCANNER cracking data, and two were identified that showed promise: The 
Confidence interval (CI) and the Coefficient of variation (CV).  

The confidence interval is essentially a measure of how precise the data is i.e. how clustered 
together it is, with smaller CI values indicating tighter clustering of the data. The coefficient 
of variation is the ratio between the spread of the data and the mean, which again gives an 
indication of how tightly clustered the data is.  However, the two parameters are subtly 
different and highlight slightly different forms of inconsistency. Section A.2.3 of Appendix A 
describes how these parameters are calculated.   
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There was a need to determine the length of survey data over which to apply the 
parameters in the assessment of repeatability.  The SCANNER parameters are currently 
reported over 10m lengths, but during Accreditation, cracking is averaged over 50m lengths, 
to reduce the effect of location referencing errors on the data. However to assess 
repeatability we need to consider that cracking is quite a noisy dataset, and a short length 
assessment is probably not appropriate. Therefore a study was carried out to determine 
when CI and CV become sufficiently stable for use in assessing repeatability (Section A.2.3.3) 
and the suitable length over which to assess the parameters has been determined to be 
500m  

2.4.1 Applying the CI and CV to determine repeatability 

The CI and CV approach were developed and tested using QA and accreditation data from 
the vehicles and sites shown in Table 2. 

Table 2: Data available for accreditation testing development 

Monthly Primary Sites SRR1 and SRR2 (SCANNER re-accreditation test routes) 

Year Contractor Year Vehicles (Contractor) 

2011 Jacobs, WDM, YottaDCL 2013 to 2015 RAV5 to RAV14 (WDM) 

Tempest1, 2 and 3 (Yotta) 2012 Fugro, Jacobs, WDM, YottaDCL 

2013 Highway Surveyors, WDM, YottaDCL 

2014 Fugro, WDM, Yotta 

2015 WDM, Yotta 

2016 WDM, Yotta 

 

The average value of CI and CV for data from an individual device, from all Accreditation 
sites, will inform of the general performance of repeatability for that device.  The average CI 
(ὅὍ) and CV (ὅὠ) for all devices, accredited during 2015, were calculated using the 
individual CI And CV values from each 500m length, i.e.  

ὅὍ  В ὅὍ and ὅὠ  В ὅὠ. These are plotted in Figure 1 for each device 

accredited in 2015/16. 
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Figure 1: Average CI and CV for all devices accredited in 2015/16 

The lower a deviceΩǎ ὅὍ and ὅὠ values, the more repeatable the data. In order to 
determine upper threshold values to apply to these parameters, the 65th percentile of all CI 
values (from all devices, reported over 500m lengths) was calculated. The 65th percentile 
was chosen since, for normally distributed data, the standard deviation defines a range 
within which at least 65% of the data lies. The 65th percentile of all CV data was also 
calculated.  

Calculating these percentiles for 2015/16 data gives a threshold value of TCIp close to 0.05 
for the Confidence Interval and TCV close to 0.1 for the Coefficient of Variation.  Therefore 
these values have been chosen as upper threshold values to apply to ὅὍ and 0.1 for ὅὠ, in 
order to determine general repeatability. 

These thresholds are shown on Figure 1 (the blue dashed line for CV and the red dashed line 
for CI) and, as can be seen, many of the current devices exceed these values, and thus would 
not pass this test. Hence this will be a tough test to pass, until the repeatability improves. 
There is scope to reduce the thresholds in future, as the cracking data quality improves. 

Table 3 shows the results of applying these thresholds to the ὅὍ and ὅὠ values calculated 
for the 2015/16 Accreditation data.  As can be seen, only two devices pass this test: RAV6 
and RAV12. However, it is felt that this single average value test does not really tell you 
what the device is like in general. The average value can be skewed by outlying values (e.g. 
large spikes). This may result in the failure of some devices that are usually repeatable but 
have a spike in the data for one or two lengths.  Thus, there is also a need to consider 
individual 500m lengths for those devices not passing this initial test.  

We consider that a device with more than 65% of the lengths having ōƻǘƘ /LҖлΦлр and 
/±ҖлΦм is a repeatable device.  Applying this to the 2015 data gives the results in the right 
hand side of Table 3.  As can be seen, all but 4 devices pass this second test.  
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Table 3: Average CI and CV values and percentage of lengths not exceeding either 
threshold (2015 Accreditation data) 

Vehicle 
Average 
CI value 

Average 
CV value 

Pass 
Test 1? 

Percentage of 500m 
lengths for which 
/LҖлΦлр ŀƴŘ /±ҖлΦм Pass Test 2? 

RAV5 0.11 0.20 No 71.6% Yes 

RAV6 0.03 0.09 Yes 86.2% Yes 

RAV7 0.08 0.16 No 64.2% No 

RAV8 0.15 0.32 No 58.7% No 

RAV9 0.06 0.17 No 75.2% Yes 

RAV10 0.07 0.13 No 71.6% Yes 

RAV11 0.13 0.24 No 70.6% Yes 

RAV12 0.03 0.10 Yes 84.4% Yes 

RAV14 0.11 0.22 No 67.0% Yes 

Tempest 1 0.06 0.08 No 82.6% Yes 

Tempest 2 0.11 0.16 No 64.2% No 

Tempest 3 0.06 0.10 No 58.7% No 

 
Inconsistency in cracking data only becomes a problem for the users when large differences 
in the RCI are seen. For the four devices that do not pass the second test, the inconsistency 
in their repeat data may not affect the RCI, or there may be specific reasons for localised 
differences in cracking data that have led to a failure to meet the criteria on a small number 
of lengths (e.g. due to driving line).  

The average contribution made to the RCI by the cracking data for each 500m length is 
shown for the two test runs in Figure 2 for RAV7. The lengths where the difference in RCI 
contribution is >10 are arrowed.  For this vehicle to be considered consistent, the reason 
why these differences have arisen will need to be investigated, to determine the cause and 
the contractor may have to make improvements or focussed requirements may be added to 
the ǾŜƘƛŎƭŜΩǎ IAP. 

 

Figure 2: CI values for two repeat runs from RAV7 and the contribution to the RCI 
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2.5 Development of fleet consistency tests for cracking 

Several methods were identified in this specific field with potential to for use in assessing 
either the repeatability or the fleet consistency of SCANNER devices. As noted above, these 
were reviewed (Section A.2.2 in Appendix A) and it was concluded that none was 
appropriate for assessing the consistency of SCANNER cracking in the SCANNER 
Accreditation tests   

Therefore other standard statistical tests were assessed for appropriateness to test the 
repeatability of SCANNER cracking data. The data used for this development was the same 
as that used for repeatability (Table 2). 

2.5.1 Method to test fleet consistency 

Each device in the SCANNER fleet is required to be re-accredited annually. For most devices 
this is approximately 12 months after their first Accreditation. Unlike SCRIM testing, in 
which annual fleet trials are undertaken, the devices do not all get tested on one day ς the 
tests are spread throughout the year.  However, although the devices do not perform 
Accreditation tests at the same time, they do survey the same routes.  The auditor monitors 
these routes regularly, so any significant change in condition are quickly noticed. Thus, for 
Accreditation it can be assumed that the condition of the routes surveyed will be the 
broadly same throughout the year and hence the data delivered (rutting, LPV, cracking etc.) 
should be similar from each device. 

The proposed approach to test fleet consistency is therefore based on an assumption that 
data will be available from the same site for all devices that can be considered broadly 
comparable. For each device: 

ω For each 500m length, calculate a representative value for the fleet 

ω Calculate the bias from the representative value on each 500m length 

ω Calculate the average bias over the whole site 

ω If this is less than Threshold X, then the device can be considered to be consistent 
with the fleet; 

ω If this is greater than Threshold X, then determine the percentage of lengths where 
the bias is less than Threshold Y.  If this is more than Threshold Z%, then the device 
can be considered to be consistent. 

2.5.2 Calculating a representative value for the fleet 

In order to determine a device is consistent with the rest of the fleet, it is first necessary to 
calculate a value that is representative of the fleet for any reporting length. The simplest 
calculation would be to take the mean value of the fleet. However, whilst this works well for 
an evenly distributed fleet (Example 1 in Figure 3), it is less effective when there is one or 
several outliers in the fleet (Examples 2 and 3 in Figure 3).  It also would not highlight when 
the fleet is split into two groups (Example 4 in Figure 3) and a representative value does not 
exist for the fleet as a whole.  
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Figure 3: Examples of fleet distributions (each coloured dot represents an average value 
for a device) 

It is relatively straightforward for a human to decide which devices should be included in a 
mean calculation, to determine a value that is more representative of the fleet (black spots 
in Figure 3). However, this is a subjective calculation which is inefficient, difficult to define in 
a specification, and open to challenge. Thus there is a desire to calculate a representative 
value automatically. 

¢ƘǊŜŜ ƳŜǘƘƻŘǎ ǘƻ ŎŀƭŎǳƭŀǘŜ ŀ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ǾŀƭǳŜ ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘΥ ¢ƘŜ άŎŜƴǘǊŜ ƻŦ ƎǊŀǾƛǘȅέ 
ƳŜǘƘƻŘΣ ǘƘŜ άǇŜǊŎŜƴǘƛƭŜ ǊŀƴƎŜέ ƳŜǘƘƻŘ ŀƴŘ ǘƘŜ άŎƭǳǎǘŜǊƛƴƎέ ƳŜǘƘƻŘΦ ¢ƘŜǎŜ ŀǊŜ ŘƛǎŎǳǎǎŜŘ ƛƴ 
Section A.2.4.  

¢ƘŜ άŎƭǳǎǘŜǊƛƴƎ ƳŜǘƘƻŘέ ǿŀǎ ŦƻǳƴŘ ǘƻ ōŜ ǘƘŜ Ƴƻǎǘ Ǌƻōǳǎǘ ŀƴŘ ŎƻƴǎƛǎǘŜƴǘ ƻŦ ǘƘŜ ǘƘǊŜŜ 
methods and thus has been proposed as the most appropriate method to apply for fleet 
consistency testing. This method determines a representative value by determining which 
devices report values that are close together (i.e. which devices are clustered) and then 
calculates a mean of these clustered values. 

2.5.3 Determining appropriate thresholds for fleet consistency 

There is a need to determine appropriate values for the thresholds X, Y and Z above.  As 
with the CI and CV parameters for repeatability testing, we have calculated the 65th 
percentile of the absolute biases for all devices, using each of the three approaches for 
calculating the representative value, described in Section 2.5.2, which gives a value for Y of 
0.036 and 65% for Z. As with the CI and CV parameters, it is suggested that the value for X 
should be the same as Y i.e. X=0.036. 

2.5.4 Applying the method to Accreditation data 

Rather than having data from all devices collected at the same time, the Accreditation tests 
are staggered throughout the year.  Therefore, the fleet consistency test will have to be 
ŀǇǇƭƛŜŘ ƻƴ ŀ άǊƻƭƭƛƴƎέ ōŀǎƛǎ. The first device to come in for Accreditation in any year would 
be compared with all other devices holding an Accreditation certificate from the previous 12 
months.  

To see how this would work in practice, a simulation was carried out using the 2016 
accreditation programme. Note this resulted in the exclusion of the Yotta devices from the 
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analysis, since the 2016 Accreditation data was not available for this simulation for the Yotta 
devices. 

The fleet consistency for data from 2015 Accreditations was calculated first and then the 
2015 data from individual devices was gradually replaced with 2016 data, to replicate the 
άǊƻƭƭƛƴƎέ ƴŀǘǳǊŜ ƻŦ ǘƘŜ ǘŜǎǘΦ ¢Ƙƛǎ ǿŀǎ ǳǎŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǿƘŜǘƘŜǊ ǘƘŜ ǎŀƳŜ ŘŜǾƛŎŜǎ ǿƻǳƭŘ ōŜ 
reported as consistent with the fleet over time. The results are presented in Table 4. Note 
that the devices have been added in a random order ς not necessarily in the order in which 
they come in for Accreditation.  

As can be seen from Table 4, RAV6 consistently fails the fleet consistency test, whilst RAV7, 
RAV10, RAV11 and RAV12 consistently pass. RAV14 moves from failing the test to passing, 
as soon as the new data for this device is considered with the rest of the fleet, suggesting 
that RAV14 was more consistent with the rest of the fleet in 2016 than in 2015. Similarly, 
RAV9 fails the test until the 2016 data for this device is considered. Conversely, the 2015 
RAV8 data is consistent with the fleet but the 2016 data is not. 
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Table 4: Results of fleet consistency tests using clustering method to obtain representative value 

Vehicle 

Data 

A: 2015 B: A + 2016 RAV14* C: B + 2016 RAV12** D: C + 2016 RAV9 E: D + 2016 RAV6 

1 2 Pass? 1 2 Pass? 1 2 Pass? 1 2 Pass? 1 2 Pass? 

RAV6 0.040 55.6% N 0.040 61.2% N 0.043 57.6% N 0.041 60.6% N 0.044 52.0% N 

RAV7 0.030 72.7% Y 0.029 73.5% Y 0.028 77.8% Y 0.027 77.8% Y 0.028 76.8% Y 

RAV8 0.031 76.8% Y 0.031 75.5% Y 0.029 77.8% Y 0.029 78.8% Y 0.029 76.8% Y 

RAV9 0.041 62.6% N 0.043 61.2% N 0.040 61.6% N 0.031 71.4% Y 0.031 73.5% Y 

RAV10 0.027 79.8% Y 0.029 73.5% Y 0.028 80.8% Y 0.030 79.8% Y 0.031 76.8% Y 

RAV11 0.035 68.7% Y 0.033 72.4% Y 0.037 69.7% Y 0.034 73.7% Y 0.035 71.7% Y 

RAV12 0.023 78.8% Y 0.022 82.7% Y 0.022 81.6% Y 0.023 81.6% Y 0.020 85.7% Y 

RAV14 0.087 61.6% N 0.060 69.4% Y 0.058 71.7% Y 0.058 71.7% Y 0.057 71.7% Y 

Vehicle 

Data 

F: E + 2016 RAV7 G: F + 2016 RAV10 H: G + 2016 RAV11 I: 2016 (+RAV8) 

1 2 Pass? 1 2 Pass? 1 2 Pass? 1 2 Pass? 

RAV6 0.044 51.0% N 0.042 54.1% N 0.046 55.1% N 0.043 53.1% N 

RAV7 0.048 72.7% Y 0.048 71.7% Y 0.044 70.7% Y 0.047 65.7% Y 

RAV8 0.029 77.8% Y 0.031 76.8% Y 0.029 77.8% Y 0.098 60.6% N 

RAV9 0.031 69.4% Y 0.031 70.4% Y 0.031 74.5% Y 0.030 76.5% Y 

RAV10 0.032 73.7% Y 0.034 69.7% Y 0.035 71.7% Y 0.034 70.7% Y 

RAV11 0.036 70.7% Y 0.035 71.7% Y 0.019 87.8% Y 0.021 85.7% Y 

RAV12 0.021 82.7% Y 0.023 80.6% Y 0.020 80.6% Y 0.022 79.6% Y 

RAV14 0.055 75.8% Y 0.055 76.8% Y 0.052 74.7% Y 0.055 75.8% Y 

1 = Average Bias for site 

2 = Percentage of 500m lengths ҖлΦлос 

* 2015 data for RAV6 to RAV12 and 2016 data for RAV14 

** 2015 data for RAV6 to RAV11 and 2016 data for RAV12 and RAV14 
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2.5.5 Year on year change 

Implementing the fleet consistency test on a rolling basis, as each device is submitted for 
Accreditation (as demonstrated above) should help ensure the stability of average cracking 
provided by the fleet over time. The method would likely prevent large jumps in the fleet, as 
was seen between 2013 and 2014 where an overall change of ~0.2% was seen, and 
subsequently reversed in 2015.  This is because any device submitting data that is 
substantially greater or less than the previous year would fail the test and therefore not be 
included in any future fleet consistency tests until it is able to provide consistent data. 

2.5.6 Potential to provide proxy for reference data 

Obtaining reference data via manual analysis of video images of the pavement surface is a 
very time consuming and expensive task (~1km can be analysed in 1 hour).  Thus sites for 
which reference data is available are usually chosen specifically for cracking analysis and it is 
not possible to provide reference data for all Accreditation sites, as it is with e.g. rutting.  

In calculating a representative value for the fleet, it may be possible to provide a proxy value 
for the reference, which (unlike reference data from manual analysis) can be directly 
compared to data from each device (i.e. the data would not need to be normalised before 
comparison).  Thus this approach could be used to provide machine reference data for any 
site surveyed by all devices in the fleet.  

This would enable accuracy testing on a much larger dataset and a much wider range of 
road types/conditions than is possible at the moment. 

2.6 Implementation of methods to improve consistency of cracking 

The consistency of cracking is an ongoing issue with the SCANNER survey. It is 
recommended that the following developments identified in this research be implemented: 

¶ Implement a winter shutdown for SCANNER, perhaps from November to January, 
but this should be discussed and agreed with the survey industry. 

¶ Implement the test for machine repeatability. The repeatability is currently inferred 
within the Accreditation test and therefore the test developed for repeatability can 
be considered to be a formalisation of this process.  Therefore the test for 
repeatability should be implemented within Accreditation as soon as possible. This 
could be achieved by updating the SCANNER specification. An outline of the 
specification text is provided in Section 2.6.1. 

¶ Implement the test for fleet consistency. This has not been applied before and 
including it at Accreditation may result in a number of contractor devices failing. It is 
recommended that the test is introduced but not enforced for at least one year.  This 
will allow a trial period, to identify any issues that need to be ironed out before full 
implementation, and also to allow the contractors time to determine which of their 
devices might be inconsistent with the fleet and to develop an action plan to 
improve this. This could be achieved by updating the SCANNER specification. An 
outline of the specification text is provided in Section 2.6.2. 
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2.6.1 Proposed addition to the SCANNER specification to test repeatability in 
Accreditation 

The following outlines the revisions to the SCANNER specification to incorporate the tests 
for repeatability into the Accreditation tests: 

¶ Use data collected during surveys of SCANNER Road Routes 1 and 2. 

¶ For each device in the fleet, perform a minimum of 3 runs. 

¶ For each run, compute the average LTRC value over 500m lengths. 

¶ Log transform the LTRC values using log base 10. For LTRC values = 0, set the log 
transform value to 0.001. 

¶ For each section j for device k 

o Calculate a mean value of all the runs, ὢ  

o Calculate the measurement error ‭  

o Use the data to calculate a confidence interval ὅὍ , defined in section A.2.3.1 

o Use the data to calculate a coefficient of variation ὅὠ as defined in section 

A.2.3.2. 

¶ Calculate a global  ὅὍ and  ὅὠ are calculated as ὅὍ В ὅὍ and ὅὠ

В ὅὠ. 

¶ A device can be considered to be repeatable if  ὅὍ ҖлΦлр ŀƴŘ  ὅὠ ҖлΦм. 

¶ For all devices that do not meet these criteria, the individual values of ὅὍ and 

ὅὠ will be assessed.  If 65% of the 500m lengths meet the criteria ὅὍ ҖлΦлр ŀƴŘ 

ὅὠ ҖлΦмΣ ǘƘŜ ŘŜǾƛŎŜ ǿƛƭƭ ōŜ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ ǊŜǇŜŀǘŀōƭŜΦ 

¶ For all devices that do not pass this second stage, we will consider the effect of the 
repeatability on the RCI: 

o For each run, calculate the contribution of cracking to the RCI for each 10m 
length: 0 if cracking <0.15%, 100 if cracking >2% and 2000*(cracking ς 
0.15)/17 otherwise 

o For each run, calculate the average RCI contribution for each 500m length 

o Calculate the difference between these contribution values for each run 

o LŦ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜǎ ŀǊŜ ŀƭƭ ҖмлΣ then the inconsistency in the cracking data is 
unlikely to have an effect on the RCI, as far as the users are concerned and 
therefore the device would pass the repeatability test. 

o Where differences are >10, investigate the cause of these, to determine 
whether the device can be considered repeatable. 



Development of SC ANNER and UKPMS    

 

 

Draft 17 PPR816 

2.6.2 Proposed addition to the SCANNER specification to test fleet consistency in 
Accreditation 

The following outlines the revisions to the SCANNER specification to incorporate the tests 
for fleet consistency into the Accreditation tests: 

ω The test would be applied to devices that have passed the repeatability test.  

ω Use LTRC data collected during surveys of SCANNER Road Routes 1 and 2. 

ω For each device, compute the average LTRC value for each 500m length, using all 

data from all runs. This is denoted as ‘ for device k and length i. 

ω For each 500m length, calculate a representative value for the whole fleet using the 
average values and the cluster method: 

o Sort the average cracking values,  ‘ into ascending order. 
o Starting with the smallest value, look at the difference in value between this 

and the next larger value. 
o When a difference of >0.1 is found, the values occurring before this gap (and 

after any previous gaps) are considered to be in the same cluster.   
o Continue to compare adjacent values, until the last value is reached. 
o This will result in between 1 and several clusters being identified.  
o Any cluster with over 50% of the data points lying in it can be considered to 
ōŜ ǘƘŜ άǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ŎƭǳǎǘŜǊέ. 

o If no such cluster exists, inspect the gap size between the clusters.  If any 
clusters are closer than 0.2, then these should be merged to form one cluster. 

o When a representative cluster has been identified, calculate the mean value 
of all devices in this cluster.  This can then be considered to be the 
representative value for the fleet. 

o If a representative cluster cannot be identified, then the fleet will need to be 
assessed visually. 

ω For the test device 
o Calculate the absolute bias of the average for each 500m length from the 

representative value of that 500m length. 
o Calculate the average bias (i.e. the average of all absolute biases for each 

500m length). 
o If the average bias for the whole site ƛǎ ҖлΦлос, then the device is considered 

to be consistent with the fleet. 
o If the bias for the whole site is >0.036, calculate the percentage of lengths for 

which the absolute bias ƛǎ ҖлΦлос. If this exceeds 65% then the device is 
considered to be consistent with the fleet. 
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3 Task 1: Consistency of SCANNER Rutting data 

Although rutting is generally considered a reasonably consistent parameter, the 
Accreditation and QA process has suggested that there are some inconsistencies in the data, 
particularly at the lower end of the range (i.e. small values of rutting). Typically the 
differences fall within the tolerances of the specification (±3mm), and do not affect the 
current accreditation process. However, these small differences can accumulate with other 
parameters and influence the RCI. The second part of Task 1 sought to understand these 
inconsistencies and consider if there would be scope within SCANNER to improve the 
consistency. These are discussed in this section (3) and in Section 4. 

As for the assessment of cracking, the investigation carried out to support this work has 
required the collation of large datasets from the network survey and from the accreditation 
tests. These have then been analysed to understand the issue and to propose solutions. The 
detail of this work is presented in Appendix B. The following sections present a summary of 
the results and  recommendations. 

3.1 Understanding rutting using the accreditation process 

3.1.1 Year on year consistency 

The Accreditation data from tests carried out in 2014 and 2015 were examined to 
determine the consistency with which different SCANNER devices report the same lengths 
to be in the same RCI category i.e. are lengths reported as Green in 2014 also reported as 
Green in the 2015 data by a different device. Clearly this assumes little change in the actual 
rutting, but this is alleviated to some extent by the close attention that the auditor pays to 
changes in the sites. 

It was found that, for some vehicles, significant differences could be identified between the 
reported categories (B.1.1). This does suggest that the data is inconsistent to an extent that 
it will affect the RCI calculation. However, overall a very low percentage of the network was 
found to be affected  by lengths contributing to the RCI one year but not the next  So, this 
does not appear to be a large problem on the routes surveyed during Accreditation. 

3.1.2 Fleet consistency 

A comparison of the average rutting value reported by each device for the last 6 years on 
the accreditation sites showed that, overall the fleet has become more consistent, and the 
consistency is good in comparison to cracking (B.1.2). However, there is a noticeable 
difference between the two current contractors, with Yotta reporting an average rut depth 
of 1.7mm less than WDM (Figure 4). Since the contractors implement their own rut depth 
algorithm, this difference could be due to a difference in the measurement of transverse 
profile between the contractors or a difference in the algorithms implemented.  
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Figure 4: Average offside rut depths from each device (2014 and 2015 data) 

 

Figure 5: Average offside rut depths from the fleet, processed using the TRACS rutting 
algorithm 

Further investigation of the differences found that: 

¶ The differences could be seen even at the site level.  The differences affected all 
levels of rutting, and it is possible that the size of the difference is larger for larger 
rut depths. 

¶ The differences in rut depth may be caused by different driving lines being taken by 
the two contractors: the Yotta devices tend to drive further to the left when 
compared to WDM devices. Thus both contractors are measuring the transverse 
profile similarly but driving line is causing large differences in these cases. 

¶ TƘŜ ǘǊŀƴǎǾŜǊǎŜ ǇǊƻŦƛƭŜǎ ŦǊƻƳ ŜŀŎƘ ŘŜǾƛŎŜ ǿŜǊŜ ǇǊƻŎŜǎǎŜŘ ǘƘǊƻǳƎƘ ¢w[Ωǎ ōŜǎǇƻƪŜ 
software ŀƴŘ ŀƴŀƭȅǎŜŘ ǳǎƛƴƎ ǘƘŜ ¢w!/{ Ǌǳǘ ŀƭƎƻǊƛǘƘƳ ǘƻ ƛǎƻƭŀǘŜ ǘƘŜ ŎƻƴǘǊŀŎǘƻǊΩǎ Ǌǳǘ 
algorithm as a contributory factor.  The difference between the two contractors 
could still be seen (Figure 5)Φ  ¢Ƙƛǎ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ƛǘ ƛǎ ƴƻǘ ǘƘŜ ŎƻƴǘǊŀŎǘƻǊΩǎ ŀƭƎƻǊƛǘƘƳǎ 
causing the main difference. 

The observations suggest that a requirement for a wider profile measurement with higher 
resolution data in the SCANNER specification could overcome some of these differences. 

3.2 Understanding rutting using the QA process 

The SCANNER QA process examines the distributions of rutting reported in every LHA each 
year. The process collates the data from the current year and plots it as a distribution and 
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compares it with the data collected in the previous year. The basis of the audit is that, at the 
network level, an LHA may to expect to have a stable distribution year on year (unless a 
particularly large maintenance investment has been made). Figure 6 shows the nearside and 
offside rut depth frequency distributions from Lincolnshire in 2013/14 and 2015/16: The 
shape of the distributions is not consistent between the two years, and, in this case impacts 
the value of the RCI calculated (lower threshold for rutting is 10mm ς the green dashed lines 
on graphs).  

 

Figure 6 Nearside (left) and Offside (right) rut depth frequency distributions in Lincolnshire 
in 2013/14 (red) and 2015/16 (blue) 

There are also many examples, such as those shown in Figure 7, where the distributions are 
similar in the Amber and Red categories but not in the Green. Whilst the values, in these 
cases, may not impact the RCI by themselves, the differences can accumulate with other 
parameters to lead to inconsistency in the RCI. 

   

Figure 7: Examples from QA Audit report of inconsistency of rutting in Green category (rut 
ŘŜǇǘƘǎ ҖмлƳƳύ 
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4 Task 1: Approaches to Improve Rutting Consistency 

The investigation of Section 3 has shown there are some consistency issues with rutting, and 
that these can affect network level reporting and the RCI.  Task 1 has therefore investigated 
possible routes to improve the consistency via development in collection and processing 
technologies. A number of investigations were carried out to demonstrate potential 
improvements, which are explained in greater detail in Appendix B. The following sections 
present a summary of the results and recommendations. 

4.1 Use of cleaned rutting 

The SCANNER research undertaken in 2007 considered the requirements and challenges 
that might be presented by the narrower roads found on the local road network. It was 
particularly noted the presence of edges/embankments on local roads could lead to low 
quality rut measurements. Therefore work was carried out to develop a new rut algorithm 
called cleaned rutting. Cleaned rutting is calculated using a centrally defined algorithm that 
attempts to identify the edge of the road in the data and exclude any points made outside 
ƻŦ ǘƘƛǎ ŜŘƎŜ ŦǊƻƳ ǘƘŜ Ǌǳǘ ŘŜǇǘƘ ŎŀƭŎǳƭŀǘƛƻƴ ƛΦŜΦ ǘƘŜ ŎŀƭŎǳƭŀǘƛƻƴ ƛǎ ōŀǎŜŘ ƻƴ ŀ άŎƭŜŀƴŜŘέ 
transverse profile.  It was added to SCANNER along with several other enhanced parameters 
in 2007, but has never replaced the standard rut algorithm.  

The use of cleaned rutting to improve year on year consistency was investigated using 
network data from a LHA. The cleaned rutting (which is provided in the SCANNER dataset) 
was used to replace the standard rutting within the RCI calculation and in the network audit.   
Contrary to expectations, a reduction in correlation between the distributions of rutting was 
performance was seen.  

Investigation of this reduction in performance found that this was because the edge 
detection process within the cleaned rutting algorithm performed poorly. Where the edge 
was incorrectly detected by the cleaned rutting algorithm there were clear issues with the 
consistency of the cleaned rutting. Indeed, a brief investigation into the ability of the more 
recent TRACS rut algorithm to detect the road edge indicated that this had better capability 
than cleaned rutting.   

Thus it seems to be that one of the key things to obtaining an accurate and consistent 
measure of the rut depths on a road is for the edge to be detected well.  This analysis 
suggests that the current cleaned rutting algorithm would not provide a solution to this 
problem. Thus it has not been pursued further. 

4.2 Enhancements in Technology ς high resolution profile  

SCANNER rutting is obtained by measuring the transverse profile, reporting this as 20 
transverse points over 3.2m width, and processing the data through a rut algorithm. This 
method stems from the technology in place when SCANNER was implemented, where it was 
likely that the contractor would use 20 individual lasers to measure the profile. Measuring a 
higher resolution or wider profile was both impractical and expensive.  However, there has 
been a step change in the technology over the last 10 years such that contractors now 
employ high resolution systems capable of measuring greater than 3.5m width and 100s or 
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1000s of measurement points. All SCANNER contractors now use this newer technology and 
sample their data down for SCANNER delivery. 

Recognising this change, the TRACS3 contract currently specifies a minimum of 100 
transverse points in each transverse profile delivered.  TRACS is also required to locate and 
remove road markings in the rutting calculation.  The combination of this and the use of 
high-resolution systems have improved the rutting consistency in TRACS greatly. Figure 8 
ǎƘƻǿǎ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜǎ ƻōǘŀƛƴŜŘ ōŜǘǿŜŜƴ ǘǿƻ ȅŜŀǊǎΩ Ǌǳǘ ŘŜǇǘƘǎ ǊŜǇƻǊǘŜŘ ƛƴ ǘƘŜ ǇǊŜǾƛƻǳǎ 
TRACS2 contract (low resolution similar to SCANNER) on 2-way A roads, and the differences 
ƻōǘŀƛƴŜŘ ōŜǘǿŜŜƴ ǘǿƻ ȅŜŀǊǎΩ Ǌǳǘ ŘŜǇǘƘǎ ǊŜǇƻǊǘŜŘ ƛƴ ǘƘŜ ŎǳǊǊŜƴǘ ¢w!/{о ŎƻƴǘǊŀŎǘ όƘƛƎƘ 
resolution) on 2-way A roads. There is a much higher percentage of differences <1mm for 
the high resolution data.  This reflects the results seen when moving from 20 point 
transverse profiles in the TRACS2 contract, to 100 point profiles in the TRACS3 contract.  

 

Figure 8: Repeatability of TRACS data using low resolution (blue line) and high resolution 
(orange) transverse profile 

The observations above for 2-way Trunk A roads suggest that the introduction of high 
resolution profile in SCANNER would improve consistency (repeatability) of rut 
measurement on LA Principal roads, as these are similar in nature.  

As TRACS data is not available on local roads, and in particular not on minor roads, we are 
not able to make such a clear network level demonstration of the potential for high 
resolution profile on the LHA network data. Therefore, surveys were carried out in this 
research using HARRIS2, which has a high resolution system, to show the potential for 
improved consistency on the lower classes of road. A test route was developed which 
included the SCANNER accreditation sites and an extension to these sites was selected to 
include challenging narrow roads for which the road edges would be included in the 
measurement. The surveys measured a 100 point profile over a 4m width and applied the 
TRACS rutting algorithm. They have shown that: 

¶ Using a high resolution system (and in this case the TRACS rutting algorithm) could 
provide more accurate data than using a low resolution system ς i.e. the 
measurements are in better agreement with manual reference data (section B.2.2.2). 

¶ Using a high resolution system would also provide much more repeatable data than 
using a low resolution system.  

¶ There are still challenges remaining in the calculation of the rutting. The higher 
performance was primarily achieved where the influence of the verge was removed 
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(manually) from the assessment (section B.2.2.1 and Figure 9). Improvements to the 
automatic edge detection algorithm would be required, in addition to control over 
the placement of the straight edge, control over the ability to move the straight 
edge, etc. (see B.2.3)   

¶ On some narrow roads consideration should be given to using the SCANNER 
transverse evenness parameter instead of rutting, as this might be more 
appropriate. 

 

Figure 9: Cumulative frequency of differences for repeat nearside rut depths: 
Green lines are rut depths calculated from high resolution data (HARRIS2). 

4.3 Implementation of methods to improve consistency of rutting 

The consistency of rutting is not such a significant issue as cracking. However, because of its 
influence on the RCI, there would be benefits in improving the current situation. This 
research has suggested that rut depths calculated from high resolution transverse profile 
are more accurate and more repeatable than those calculated from low resolution 
transverse profile.   

¶ The use of high resolution profile could be implemented via a revision to the 
specification to require delivery of the enhanced data. It is our opinion that the data 
should be deliverable by the current SCANNER fleet without replacement of 
equipment, and therefore should have reasonable cost.  

¶ Time should be allowed to transition to the new data (at least 12 months). This 
would also allow improvements to be made to the rutting algorithms, in particular 
the automatic edge detection algorithm and the straight edge placement to optimise 
the use of the algorithm on lower classes of road.  

¶ The SCANNER transverse evenness parameter might have greater stability on very 
narrow roads (e.g. U roads) and could be more appropriate for use by those LHAs 
that commission surveys of these roads. This could be implemented as part ƻŦ ŀ ά¦ 
ǊƻŀŘ {/!bb9w ǎǇŜŎƛŦƛŎŀǘƛƻƴέΦ 
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5 Task 2: SCANNER Condition Parameters - Consultation 

5.1 Introduction 

SCANNER delivers more than 20 parameters but only a few are used to calculate the Road 
Condition Indicator (RCI). It is also thought that few LHAs make use of the enhanced 
parameters provided in the 2007 research. Conversely, the survey does not provide some 
condition parameters that are considered to be important.  

Better value could be obtained from SCANNER if we can optimise the parameters to reflect 
LHA needs. This task has focussed on identifying potential revisions/enhancements to the 
SCANNER condition parameters, or potential new parameters that could be included in a 
future SCANNER survey.  

LHAs and PMS providers have been consulted to better understand the current use of 
SCANNER parameters, and the results have been used to categorise the SCANNER 
ǇŀǊŀƳŜǘŜǊǎ ƛƴǘƻ ΨǾŀƭǳŀōƭŜκŜǎǎŜƴǘƛŀƭΩΤ ΨƳƻŘŜǊŀǘŜ ǳǎŜΩΤ ΨǿƻǊǘƘ ŘŜǾŜƭƻǇƛƴƎκŀŘŘƛƴƎΩΤ ΨƭƛǘǘƭŜ 
ǳǎŜκǳƴǊŜƭƛŀōƭŜΩΤ ΨƛƳǇƻǊǘŀƴǘ ōǳǘ ƴƻǘ ǇǊƻǾƛŘŜŘΩ ŜǘŎΦ ¢ƘŜǎŜ ƘŀǾŜ ǘƘŜƴ ōŜŜƴ ŎƻƳǇŀǊŜŘ ǿƛǘƘ 
technical understanding of SCANNER technology, and a review of new technologies, to link 
ǘƘŜ Ŏƻƴǎǳƭǘŀǘƛƻƴ ƻǳǘŎƻƳŜǎ ǿƛǘƘ ǇƻǘŜƴǘƛŀƭ ƛƳǇǊƻǾŜƳŜƴǘ ŎŀǘŜƎƻǊƛŜǎ ǎǳŎƘ ŀǎΥ ΨǉǳƛŎƪ-win 
ŀŎƘƛŜǾŀōƭŜΩΤ ΨŘŜƭiverable (further-ǊŜǎŜŀǊŎƘύΩΤ ΨǊŜƳƻǾŜΩ ŜǘŎΦ   

The results of the consultation, and the quick wins identified, are presented in this section. 
These quick wins have been reviewed with the SCANNER Development Group and further 
work on them carried out where within the scope of this project. This work is presented in 
Section 6. Any longer term developments required to achieve the quick wins are discussed 
in Section 7. 

5.2 Consultation 

The questionnaire sent to stakeholders aimed to determine whether and how the current 
SCANNER parameters are being used, and what level of importance would be given to each 
parameter. The stakeholders were also asked for their thoughts on the enhanced 
parameters (those introduced in 2007 e.g. eLPV, cleaned rutting) and whether they had any 
additional needs for SCANNER parameters.  The questionnaire is given in Appendix D. 

The questionnaire was sent to 35 recipients: 29 from England, including 8 Metropolitan/  
London Borough authorities, 3 Scottish authorities, 2 Welsh authorities and 1 Northern 
Ireland authority. In total 15 responses were received: 

¶ 11 responses from English authorities: 
o 7 from counties 
o 2 from unitary authorities 
o 1 from a PFI 
o 1 from London Borough. 

¶ 3 responses from Scottish authorities; 

¶ 1 response from a Welsh authority; 

¶ 1 response from a Northern Irish authority. 
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5.3 Results of consultation 

In the questionnaire, the respondents were asked to describe how they used the 
parameters, what they thought of them and to assign a ranking for importance, with 1 being 
very important and 5 being not important at all. The results of this are given in Table 5, with 
the parameters ordered by number of users and then by rating. Some, but not all, 
ǊŜǎǇƻƴŘŜƴǘǎ ƎŀǾŜ ŀ ǊŀǘƛƴƎ ŦƻǊ ǇŀǊŀƳŜǘŜǊǎ ǘƘŀǘ ǘƘŜȅ ŘƛŘƴΩǘ ǳǎŜΣ ǎƻ ǘƘŜ ŀǾŜǊŀƎŜ ǊŀǘƛƴƎ ǎƘƻǿƴ 
in this table includes their opinions too. 

Table 5: Number of users of SCANNER parameters and importance given to them 

Parameter # of 
users 

Average 
rating 

Parameter # of 
users 

Average 
rating 

Rut Depths (nearside, offside) 12 1 Other Visible Defect 2 4 

Cracking (whole carriageway) 12 2 Transverse/reflection cracking 2 4 

3m LPV (nearside, offside) 12 2 Transverse variance 2 4 

Texture (SMTD) 11 2 Enhanced 3m LPV (nearside, offside) 2 4 

10m LPV (nearside, offside) 10 4 
Enhanced 10m LPV (nearside, 
offside) 

2 5 

Geometry (gradient, crossfall, 
curvature) 

7 2 
Texture Variability (RMST 5th 
Percentile, 95th Percentile, Variance) 

2 5 

Edge roughness 5 3 Edge coverage 1 3 

Edge of carriageway cracking 3 3 
Cleaned Rut Depths (nearside, 
offside) 

1 3 

Texture (MPD) 3 4 Transverse unevenness (ADFD) 1 4 

Wheel Track Cracking (nearside, 
offside) 

2 3 Bump Measure (nearside, offside) 1 5 

Surface Deterioration 2 3 
RMST Texture depth in the nearside, 
centre and offside 

0 5 

Edge steps (at two levels) 2 3 
RMST Variance (nearside, centre 
and offside) 

0 5 

Looking at the top five, most used, parameters it is not surprising to see that these are the 
RCI, and original TTS, parameters. Rutting was rated as the most important, with 10m LPV 
the least important. Also, looking at the bottom end of the table, where there are few users 
and not much importance is attached to the parameters, it is clear that the Local Authorities 
are generally not using or are not interested in ǇŀǊŀƳŜǘŜǊǎ ǘƘŀǘ ǿŜǊŜƴΩǘ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ 
original TTS surveys. There are likely to be mixed reasons for this, so each area of 
measurement has been considered separately in the following subsections. 

5.3.1 Ride quality: LPV and eLPV 

Almost all of the respondents use the longitudinal profile variance (LPV) parameters. They 
consider 3m LPV to be quite important, with 10m LPV less so.  However, hardly any use the 
enhanced parameters and have therefore given them a low importance. 

It is felt that LHAs ǇǊƻōŀōƭȅ ŘƻƴΩǘ ǳǎŜ ǘƘŜ Ŝ[t± ǇŀǊŀƳŜǘŜǊǎ ōŜŎŀǳǎŜ ǘƘŜȅ already use LPV 
and the enhanced parameters effectively double up on the original LPV parameters. Thus it 
would seem appropriate that one of these parameters sets is dropped because they provide 
fundamentally similar information. 

However, although eLPV is the lesser used parameter, we would recommend keeping eLPV, 
as it has been shown to be a more robust and consistent measure for TRACS.  Using it would 
also align SCANNER with TRACS. Section 6.2 discusses this further.  
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5.3.2 Rutting: Rut depths and cleaned rut depths 

A similar argument to LPV could be made in terms of standard and cleaned rutting ς users 
ŘƻƴΩǘ ǳǎŜ ǘƘŜ ŎƭŜŀƴŜŘ Ǌǳǘ ǇŀǊŀƳŜǘŜǊǎ ōŜŎŀǳǎŜ ǘƘŜȅΩǊŜ ƴƻǘ ƛƴ ǘƘŜ w/L ŀƴŘ ǘƘŜȅ ŘƻǳōƭŜ ǳǇ ǘhe 
standard rutting parameters. However, unlike with eLPV, the work in Task 1 has shown that 
cleaned rutting does not perform better than standard rutting.  

Therefore there is no benefit in keeping cleaned rutting. In the long term, if a new enhanced 
rutting measure was provided, this could replace both the rutting and the cleaned rutting 
parameters. It would be appropriate to report both measures for a number of years, until 
the new measure was deemed acceptable (running in parallel). 

5.3.3 Cracking (whole carriageway cracking, edge of carriageway cracking, 
wheeltrack cracking, surface deterioration) and Other Visible Defects 

The whole carriageway cracking parameter, as used in the RCI calculation, is well used and 
ranked highly. However, the other cracking parameters i.e. wheeltrack cracking, edge of 
carriageway crack, surface deterioration and transverse cracking, are not used, despite 
being given a medium importance level.  In fact, when the users were followed-up to find 
out how they were actually using this data, it became apparent that no use was actually 
being made; the users just thought that they might be useful parameters.   

The edge of carriageway crack, surface deterioration and transverse cracking parameters 
were introduced because of the inconsistency in the cracking measure.  If it is possible to 
make the whole carriageway cracking parameter more consistent (using the developments 
in Task 1), then these three parameters could potentially be dropped without significant 
effect. 

However, although wheeltrack is not used in any other calculations e.g. CCI, it is used in the 
treatment rules implemented by UKPMS and would cause a problem if dropped.  

Two people reported using the άhǘƘŜǊ ±ƛǎƛōƭŜ 5ŜŦŜŎǘέ ǇŀǊŀƳŜǘŜǊ but when followed-up, it 
was apparent that this was not the case.   

5.3.4 Texture: SMTD, MPD, texture variability, RMST texture depth, RMST variance 

SMTD is well used but a number of respondents asked why MPD was provided as well, with 
only 3 people using this parameter. 

MPD was introduced becauǎŜ ƛǘΩǎ ŀ 9ǳǊƻǇŜŀƴ ƳŜŀǎǳǊŜ ƻŦ ǘŜȄǘǳǊŜ ŀƴŘ ƛǘ ǿŀǎ ǘƘƻǳƎƘǘ ǘƘŀǘ 
there might be a standard requirement for government to report this measure at some 
point in the future.  This risk may still apply and it would be prudent to continue reporting 
MPD. 

The other texture measures (texture variability, RMST texture depth, RMST variance), which 
are calculated from measurements made in three lines across the width of the road surface, 
are not well used. Feedback was also received which said that users had tried to use RMST 
to get an idea of fretting present but this did not prove very helpful.  These parameters 
could probably be dropped with little effect, but it is noted that no real effort has yet been 
made to apply them as originally intended.  
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5.3.5 Edge and Bump 

9ŘƎŜ ǇŀǊŀƳŜǘŜǊǎ ŀǊŜ ōŀǊŜƭȅ ǳǎŜŘΥ {ƻƳŜ ǇŜƻǇƭŜ ǎǘŀǘŜŘ ǘƘŀǘ ǘƘŜȅ ŘƛŘƴΩǘ ǳǎŜ ǘƘŜƳ ōŜŎŀǳǎŜ 
their network is mainly urban, so most of their roads have kerbs etc. However, one urban 
authority said that they used it where they had cycle lanes, hence the medium level 
importance rating given. There has also been some investigation in Scotland into the 
application of these within an edge indicator. It would be recommended that these are kept 
in SCANNER. 

The lack of use of the Bump Measure was quite surprising, since this was developed to 
identify bump causing features, such as potholes.  As discussed in Section 5.3.6 below there 
was a strong request for potholes to be included in SCANNER.  So, there is a need to 
investigate the behaviour of the Bump parameter to see if it would be useful and stable 
enough to provide a quick win for potholes/user concerns (Section 6.3). 

5.3.6 Missing parameters 

The questionnaire also asked the stakeholders what they thought was missing from 
SCANNER, generating the following suggestions: 

¶ One suggestion for deflection measurements 

¶ One request to have a measure of the change in condition 

¶ Several requests for measures of fretting, potholes, and failed patching. 

Deflection: The only commercially available equipment that could practically be used to 
provide network level measurements is the TSD (Traffic Speed Deflectometer).  Eight such 
devices exist in the world currently, with only one of these devices being used in the UK.  
This TSD is owned by Highways England and used to survey the trunk road network. The 
measuring equipment of the TSD is placed in the trailer of an HGV and thus would probably 
be unsuitable for surveys of non-principal roads. However, research has been undertaken to 
investigate the use of this technology on local roads in the UK, which suggested it could be 
usable on principal roads (D Wright et al., 2014). However, it would be unlikely to be 
practical to add this to SCANNER. The most appropriate solution would be to make systems 
available for commercial surveys on principal roads, perhaps via a principal road network 
TSD specification, similar to that used by Highways England on strategic roads. 

Change in Condition: The change in condition calculated is very affected by data alignment 
and just looking at e.g. the change in rutting on a 10m length can give very misleading 
results.  Research for Highways England, has shown that access to the raw measurement 
data can be used to align the data suitably so that alignment errors can be overcome and 
change estimated (McRobbie et al., 2017). Currently the main output of a SCANNER survey 
is an HMDIF file, which contains only processed data e.g. LPV, rutting values. However, the 
survey does already have a requirement for the ability to deliver the raw data. This would 
result in large amounts of data being delivered, but should be manageable using modern IT 
systems. However, it would require updates to the specification to deliver this data, a 
process to utilise the measurements and a process to manage it within asset management 
systems. Due to the complexity of this we have not investigated this further in this work. 

Fretting: The three lines of texture measurements used so far in SCANNER do not appear to 
be good enough to give an estimate of fretting, so a quick win for this parameter is not 
achievable with the current measurements. However, a measure of fretting does exist in the 
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TRACS which is obtained by processing texture data measured in a minimum of 38 lines 
covering a width of 3.8m. It is possible that comparable texture measurements could be 
obtained from high resolution transverse profile systems (i.e. equipment already being used 
by the SCANNER contractors). The fretting algorithm implemented for TRACS may be 
appropriate to apply to data collected on the local road.  Therefore an investigation of the 
feasibility of this has been carried out (Section 7.2). 

Potholes and failed patching: Due to the frequency of SCANNER surveys, the survey would 
only be able to provide a snapshot of such features on the network. The Bump Measure was 
developed to identify lengths that contain features that would cause a bump i.e. discomfort 
to the users.  This should be able to identify potholes and failed patch edges occurring in the 
wheelpaths. However, this measure has been shown to be inconsistent on a length by 
length basis, possibly because it is very sensitive to driving line. The suitability of the bump 
measure to identify potholes/failed patching is investigated further in Section 6.3. 

5.4 Recommendations resulting from the consultation 

The following observations and recommendations can be made, following the consultation. 

For the standard parameters: 

¶ The most impoǊǘŀƴǘ ǇŀǊŀƳŜǘŜǊǎ ǎŜŜƳŜŘ ǘƻ ōŜ ǘƘŜ ǘǊŀŘƛǘƛƻƴŀƭ ƻǊ άǎǘŀƴŘŀǊŘέ 
parameters used in the RCI calculation: Rutting, Cracking, 3m LPV, Texture, 10m LPV. 

¶ Only Whole Carriageway Cracking is used, thus other parameters (edge of 
carriageway crack, surface deterioration, transverse cracking, and other visible 
defects) could be dropped. Wheeltrack cracking is needed for the UKPMS treatment 
rules. 

¶ Standard and Cleaned Rutting provide the same data, so one of these could be 
dropped.  As Task 1 has shown that Cleaned Rutting can be unreliable it is 
recommended that Cleaned Rutting is dropped. Standard Rutting should be 
enhanced alongside the introduction of high resolution profile.  

¶ The texture parameter, SMTD, is well used and, whilst MPD is not so well used, it is 
recommended that this should be kept since it is a standard European measure of 
texture.  

¶ The geometry parameters are well used, due to their inclusion in calculation of site 
category for assessment of skid resistance.  No changes are needed for these. 

For the enhanced/new parameters and items considered missing from SCANNER: 

¶ aŀƴȅ ǳǎŜǊǎ ŘƛŘƴΩǘ ǎŜŜƳ ǘƻ ƪƴƻǿ ŀōƻǳǘ ƻǊ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ŜƴƘŀƴŎŜŘ ǇŀǊŀƳŜǘŜǊǎΣ 
which has probably resulted in very little use being made of these (despite them 
being implemented for nearly 10 years now).  Therefore there appears to be a need 
for education, to ensure that best use of the data available is made. 

¶ eLPV and LPV essentially provide the same data, so one of these should be dropped. 
We recommend that LPV is phased out and replaced with eLPV. 

¶ The edge parameters are not widely used but have potential for use in an edge 
indicator. Therefore we recommend that these parameters are kept. 
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¶ There is evidence of a need for a measure of fretting. The enhanced texture 
parameters (RMST, RMST variance, texture variability) that were developed as an 
initial attempt to identify this defects ŀǊŜ ƴƻǘ ǿŜƭƭ ǳǎŜŘ ŀƴŘ Řƻ ƴƻǘ ƳŜŜǘ ǘƘŜ ǳǎŜǊǎΩ 
requirements. Their continued used should be reviewed in the light of undertaking 
further developments in the measurement of fretting. 

¶ There is evidence of a need for a measure of potholes. However, the existing Bump 
Measure may not be a strong tool for this. Dropping the measure should be 
considered in the light of developing a more powerful replacement.  

As a result of the above observations we have identified a number of potential quick wins 
and longer term developments, which are discussed in Section 6 and Section 7 respectively. 
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6 Task 2: SCANNER Condition Parameters - Quick Wins 

We define Quick Wins as enhancements that could be implemented in the next 12 months. 
We have identified the following potential quick wins from the results of the consistency 
work in Task 1, and the changes and improvements identified through the consultation.  

6.1 Quick Win 1: Cracking 

The consistency improvements recommended in Task 1 should be implemented via an 
update to the SCANNER specification, as discussed in Section 2.6. 

Only Whole Carriageway Cracking and Wheeltrack Cracking are used out of all surface 
deterioration parameters. There seems no benefit in continuing to provide the other 
parameters in SCANNER. These could be removed from the delivered data. 

6.2 Quick Win 2: Ride Quality 

Experience with the eLPV measure in TRACS has shown that it is a more robust and 
consistent measure than LPV. There are two areas where this could bring improvements: 

¶ eLPV is expected to provide a more consistent measure of ride quality on roads with 
varying geometry 

¶ SCANNER provides a measure of eLPV in both wheelpaths, which should provide a 
more robust assessment of ride quality than the current single wheelpath 
measurement.  

The following subsections investigate whether eLPV is a more robust and consistent 
measure than LPV and also investigate the extent and size of any change that might be 
expected for the RCI as a result of using eLPV in place of LPV. 

6.2.1 Use of eLPV to reduce influence of geometry 

Both LPV and eLPV are obtained by applying a filter to longitudinal profile data to remove 
long wavelength features, and then calculating the sum of the squares of the filtered profile.  
They essentially provide the same information. eLPV was introduced to replace LPV in 
TRACS survey because it had been noted that LPV (particularly the 10m and 30m LPV 
parameters), is affected by road geometry.  Large values of LPV would be obtained on 
otherwise smooth roads with e.g. high levels of gradient. Having introduced the eLPV 
measure, it has since been shown to be a more robust and consistent measure for TRACS 
surveys. If this is also the case for local roads it would be beneficial to keep eLPV and phase 
out the use of LPV. This would also have the added benefit of aligning SCANNER with TRACS. 
However, changing to eLPV in the RCI calculation might lead to a step change in the RCI.  

The extent of the effect of geometry on LPV on the local road network has been 
investigated by examining (e)LPV data on the local road network in Devon and on the 
SCANNER accreditation road routes. The results are presented in detail in Section C.1.1     
and summarised here. 

On the Devon network there is clear evidence that significantly higher proportions of the 
road network are reported to be in poorer condition when using LPV. To confirm that this 
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can be linked to geometry the Devon network was broken into lengths classified by 
geometry and it was shown that the lengths with higher variation in geometry (gradient and 
crossfall) are reported as rougher by LPV than by eLPV, suggesting that LPV incorrectly 
associates geometry with roughness.  

The consistency of the two measures was also investigated using the SCANNER road routes 
and QA audit data, where it has been found that  

ω eLPV is as consistent as, or is more consistent than, LPV on the SCANNER road routes 
(Section C.1.2). 

ω eLPV appears to be more consistent when assessed during QA Auditing (Section 
C.1.3). 

6.2.2 Step change caused by using eLPV in RCI calculation 

It is likely that switching from LPV to eLPV in the RCI calculation will cause a step change in 
the national condition indicators, due to the difference in behaviour of the two parameters, 
especially for lengths where high levels of road geometry are present. To investigate what 
this step change might be, the change in Audit Indicator (used in the QA Audit reports) has 
been calculated for several authorities, including: 

¶ Shetlands, Herefordshire and Devon (very rural authorities); 

¶ Bracknell and Blackburn (semi-rural authorities); 

¶ Trafford (metropolitan authority); 

¶ London boroughs; 

¶ Birmingham and Hounslow (urban authorities). 

Figure 10 shows the change in the Audit Indicator seen when replacing LPV with eLPV and 
also the percentage of the network that is urban. As can be seen, using eLPV instead of LPV 
always results in a reduction in the Audit indicator, ranging from a very small reduction of 
0.2% to a large reduction of 4.8%. In general, the change in the Audit indicator is larger the 
fewer urban lengths contained in the network (i.e. the more rural a network is). This might 
be expected since higher levels of curvature are often seen on rural roads, compared with 
urban roads.  

These results suggest that an average reduction of about 1.5% would be seen for most 
authorities. 

This is significant and may cause issues if eLPV just replaces LPV. Thus it is recommended 
that two indicators are provided for the LHAs for the next few years: One calculated using 
LPV, the other calculated using eLPV. This would enable any step change to be quantified 
and accounted for. 
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Figure 10: Decrease in Audit Indictor seen when changing from LPV to eLPV 

6.2.3 Including offside eLPV in the RCI 

Currently ride quality is only assessed in the RCI in the nearside wheelpath. However, 
SCANNER reports longitudinal profile in both wheelpaths. Previous user perception trials of 
ride quality have suggested that, if only one wheelpath is used to report condition, this will 
significantly under-report the actual number lengths that have poor ride quality. 

It is recommended that the offside LPV/eLPV be included in the RCI, with the calculation 
using the poorer of the two values (similar to the way rutting data is used). As with the 
introduction of eLPV into the RCI calculation, introducing offside data is also likely to result 
in a step change to the Audit Indicator, and the network indicators calculated by the LHAs. 
This has been investigated for the same LHAs as considered for Section 6.2.2. The Audit 
Indicators calculated for these using nearside LPV data, nearside eLPV and both nearside 
and offside eLPV data is shown in Figure 11. The step change seen between the Audit 
Indicator, calculated using LPV and then nearside and offside eLPV is shown in Figure 12. 

Interestingly when using both nearside and offside eLPV a similar AI is obtained to when 
only nearside LPV is used in the current RCI (Figure 12). This is because using nearside eLPV 
in the RCI calculation in place of LPV reduces the AI. However, adding in offside eLPV  adds 
additional lengths reported classified as poor and thus increases the AI slightly. However, 
the introduction of both wheelpaths still results in a change and there may still be significant 
differences in the values calculated (e.g. Devon, Herefordshire).  Therefore it would still be 
helpful to the users to have a phased in approach of this, as suggested in Section 6.2.2. 

 

Figure 11: Audit indicator values for several LHS, calculated using nearside LPV, nearside 
eLPV and both nearside and offside eLPV 
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Figure 12: Difference between the Audit Indicator calculated using NS LPV and NS and OS 
eLPV 

6.3 Quick Win 3 - Bump Measure 

There has been a strong request for potholes to be included in SCANNER.  There is a need to 
investigate the behaviour of Bump and see if it would be useful and stable enough to provide 
a quick win for potholes/user concerns. This is investigated further in this section. 

The Bump Measure was developed for SCANNER as a result of user perception studies that 
ǎǳƎƎŜǎǘŜŘ ǘƘŀǘΣ ǿƘƛƭǎǘ [t± ŎƻǊǊŜƭŀǘŜŘ ǿŜƭƭ ǿƛǘƘ ǘƘŜ ǳǎŜǊǎΩ ƻǇƛƴƛƻƴ ƻŦ ƎŜƴŜǊŀƭ ǊƛŘŜ ǉǳŀƭƛǘȅΣ ƛǘ 
did not correlate well with discrete ride quality features, which would cause short-lived 
discomfort i.e. bumps caused by potholes, poorly aligned concrete slabs, failing bridge joints 
etc. The measure was introduced to SCANNER in 2007. 

Feedback from use of the measure in TRACS has suggested that the measure is inconsistent, 
when considered on a length by length basis.   It is thought that this is because the Bump 
Measure is derived from longitudinal profile, which is only measured in two lines ς one in 
the nearside wheelpath, the other in the offside wheelpath, and thus can be significantly 
affected by driving line. However, whilst it might not be possible to use the measure on a 
length by length basis (i.e. to consistently locate bump causing features), it was suggested 
that it may be able to provide a network level indication of how much of a network is 
affected by bumps.  

To investigate this, the year-on-year reporting of the percentage of lengths containing a 
bump has been calculated for several local authorities.  The authorities considered include 
examples of mainly rural authorities, mainly urban authorities, mixed authorities, a London 
borough and a metropolitan authority. The results are shown in Figure 13. As can be seen 
for some authorities (Birmingham, Shetland), the measure reports roughly the same amount 
(percentage) of bumps each year.  However, for most it is inconsistent with some 
experiencing very large changes e.g. Hounslow, Bracknell, Trafford. It can also be seen from 
Figure 13 that, in general, the percentage of lengths containing a bump is less in the offside 
than the nearside. Reassuringly, splitting the data by road class does report that A roads 
generally have the least number of bumps, whilst the C roads have most. However, it does 
not appear that the measure is any more consistent for any individual class of road.  
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Figure 13: Percentage of lengths containing a bump in the nearside (left) and the offside 
(right) for survey years 2011/12 to 2015/16 

A further investigation has been carried out on specific sites to determine why the Bump 
Measure is so inconsistent and whether it would be practical to update it to provide a more 
consistent measure (Section C.2).  By comparing bump data with video images the 
investigation has shown that the bump measure does provide useful data on real bump-
features, but it is inconsistent as to whether a bump gets reported or not, and the cause is 
not obvious. It may be due to sensitivity to driving line, since the measure is calculated from 
a very thin longitudinal measurement line, or may be due to the way that the parameter is 
calculated. It has not been possible, within the scope of the current project, to investigate 
this further.  

It is therefore suggested that a more robust measure may be achieved by considering the 
whole of the road shape, which would better model the bumps and would overcome issues 
with driving line. However, this would be a longer term development. 
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7 Task 2: SCANNER Condition Parameters - Longer Term 
Development 

We define longer term developments as enhancements that would probably require a 
development phase over the next 12-24 months followed by implementation. We have 
identified the following potential longer term developments from the results of the 
consistency work in Task 1, and the changes and improvements identified through the 
consultation.  

7.1 Longer term development 1: Rutting 

The data delivery improvements for transverse profile recommended in Task 1 should be 
implemented via an update to the SCANNER specification, as discussed in Section 4.3. As this 
will require updates to equipment and processing systems, we have classified this as a 
longer term development. However, if a specification revision is provided in 2017, trial data 
could commence delivery from the start of the 2018 survey. 

With the transition to high resolution transverse profile a replacement for the current rut 
measure should be considered. This enhanced measure could be reported alongside the 
current standard rutting for a number of years, until the new measure was deemed 
acceptable (i.e. it could be run in parallel). 

In Section 3, it was shown that introducing high resolution transverse profiles, a road 
marking profile and an algorithm that would eliminate measurements made on road 
markings and those lying outside of the lane being surveyed, would improve the consistency 
and accuracy of the rut depths calculated. Whilst the contractors are capable of providing 
the raw measurement data with the systems that they currently use, the rut depth 
calculating algorithms that they use may not be able to cope with this. It was also observed 
that the two fleets provide different levels of rutting on the same sites (within Accreditation 
tolerances). This is influenced by the different algorithms used by different contractors.  
Thus it may be beneficial for a single algorithm to be implemented for SCANNER. 

The TRACS rutting algorithm was therefore assessed to determine its suitability for use for 
calculating rut depths on the local roads surveyed by SCANNER.  It was found that, for 
principal roads and relatively wide non-principal roads, the TRACS algorithm identified the 
edge of the road well and also calculated more consistent and accurate rut depths. However, 
on narrower low class roads, it did not always place the simulated straight edge in a 
consistent or sensible position on the transverse profile. Further work would be needed to 
improve this, including: 

ω Prevention of straight edge being placed too close to the lane edge; 
ω Prevention of too much overlap between the straight edges used to calculate 

nearside and offside ruts; 
ω Prevention of straight edge for nearside being placed in offside of profile and vice 

versa; 
ω Reporting when the transverse profile is too narrow to calculate rut depths ς where 

transverse variance would be a more appropriate parameter. 
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7.2 Longer term development 2 ς Fretting Measure 

There is a desire for a measure of fretting. However, the three lines of RMST, currently 
provided by the SCANNER survey are not able to provide a good enough estimate to meet 
ǘƘŜ ǳǎŜǊǎΩ ƴŜŜŘǎΦ  ¢ƘŜǊŜ ƛǎ ǘƘŜǊŜŦƻǊŜ ŀ ƴŜŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ƴŜŜŘŜŘ for this 
and to develop a fretting parameter.   

Prior to 2006, texture depth measurements made by laser systems in the UK were only 
reported as Sensor Measured Texture Depth (SMTD), which are generally reported at 10m 
intervals in the nearside wheeltrack. Alternative means of reporting the texture 
measurements made by current laser systems were also available, including the Mean 
Profile Depth (MPD) measure, which is widely used in Europe.  

Research, carried out by TRL (Viner et al., 2006), determined that improved methods for 
detecting localised variability in texture were needed for B and C roads, due to the 
variability in texture that could be seen across the width of such roads.  A method was 
demonstrated that used texture data collected across the lane width and combined 
information about the average level of texture depth, the overall variability and the 
difference between the centre of the lane and the wheel paths to assess the condition of 
the surface texture at a network level. This method was shown to be as good as a single 
measurement of texture depth in the nearside wheel path for identifying sections with 
deteriorating surface texture on a test dataset that included mainly roads with relatively 
high levels of surface texture. On roads with low surface texture the new method was 
expected to outperform the current nearside measurement. As a result of this work, it was 
recommended that the specification for SCANNER surveys included a measurement of 
transverse texture variability, in addition to the measurement of SMTD in the nearside 
wheelpath. 

Due to the level of technology available on SCANNER vehicles at the time there was a need 
to restrict the technological demands for the measurement of transverse texture variability. 
Although a texture measure across the full lane width would ideally be provided to calculate 
the variability, it was practical to require the measurement of texture in only 3 lines.  
Unfortunately, experience has shown that fretting is a more important defect to road 
engineers than basic variability, and this cannot be determined from the three 
measurements. 

Developments in equipment now offer the potential for the required full lane width texture 
data, and this is a requirement of TRACS surveys from 2017. Fretting parameters are 
calculated from multiple line measurements TRACS (Benbow et al., 2011). And this may be 
achievable on local roads if SCANNER were to deliver the required texture data, which we 
believe to be achievable using current SCANNER equipment.  For example Figure 14 and 
Figure 15 show the forward facing image of a surface defect and the corresponding high 
resolution multiple line texture (RMST) data respectively.  As can be seen from Figure 15, 
the RMST data allows for the shape and detail of the defect surrounding the patches to be 
clearly identified. 

Similarly, Figure 16 and Figure 17 show the forward facing image and RMST plot for a 
section of fretting on a local road. Again the high resolution RMST data allows for the 
transverse and longitudinal extent of the fretting to be identified. 
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Figure 14: The forward facing image of a pavement defect surrounding a patch, seen on 
the SRR2 extension route 

 

Figure 15: The RMST plot of the defect shown in Figure 14, which clearly shows higher 
RMST values (using high resolution transverse profile data to provide 40 RMST values 

across the road width) 
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Figure 16: The forward facing image of fretting, seen on the SRR2 extension route 

 

Figure 17: The RMST plot of the fretted area shown in Figure 16, which clearly shows 
higher RMST values (using high resolution transverse profile data to provide 40 RMST 

values across the road width) 

7.3 Longer term development 3 ς bump/pothole measure 

If the current Bump Measure cannot provide a network level indicator of the extent to which 
the network is affected by bump causing features, or of potholes (see quick win above), there 
will be a need to develop a different parameter to achieve this. 

It has been shown above that the limitations of the bump measure are likely to be 
fundamentally linked to the two measurement lines it is able to provide. As with full lane 
width texture data, we believe that it should also be possible to obtain full width 
longitudinal profile measurements using current SCANNER equipment. It may be possible to 
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calculate a pothole/lane width bump measure using this data.  Thus a lane width measure 
should be achievable on local roads if SCANNER were to deliver the required profile data.  

For example Figure 18 and Figure 19 show the downward facing image of surface defects, 
ǘƘŜ о5 ǇǊƻŦƛƭŜ όŜȄǘǊŀŎǘŜŘ ŦǊƻƳ I!wwL{нΩǎ ƘƛƎƘ ǊŜǎƻƭǳǘƛƻƴ ǘǊŀnsverse profile measurement 
system) and the corresponding results from a 3D version of the current Bump Measure.  As 
can be seen, the 3D Bump Measure data allows for the shape and detail of the defects to be 
clearly identified. Note that the features shown on the 3D profile plot appear more 
stretched on the right hand side, due to the way that this data has been plotted. 

 

Figure 18: Downward facing image showing failing patch around a gully and several dips 
(left), results of applying 3D Bump Measure to the 3D profile data (right) 






































































































































































