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Executive Summary

SCANNER surveys were introduced in 2009 to provide netwidek condition assessment

of the local A, B and C road network using survey vehicles that travel at-spdéec
measuring the shape of the road surface using laser sensors, and imaging the sisifag

digital cameras. The collected data is processed and converted into condition parameters,
such as rutting, and delivered in a UKR&tEpliant format to local authorities, for loading

into their pavement management systems. It is also used to iflefgngths 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
(CCl), which is a methodology recognised by HAMFIG and ClPl&efan Whole of
D2OSNYYSyid ! 002dzyia 062D!0 FYyR F2NJ NSBLR2NIAY3

{/1'bb9w ¢l a RSGOSt2LISR FNRY GKS |1 A3IKglea ! 3S
network. Research supported by the DfT, was carried out between 2002007 to adopt

the survey for local roads. This delivered a range of outcomes, including an updated survey
ALISOAFAOIGAZ2YZET | aSi 2F GaSYyKIFIyOSRé LI NI YSGS
definition for the SCANNER Road Condition Indicator (RAIDh 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 we
required:

1 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)

1 SCANNER Conditi 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 conditio survey. (Task 2)

91 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 (orwould be) undertaken? (Task 3)

Improvements to data consisten@nd relevance all improve the value for money obtained
from SCANNER surveys. ThereforeShettish Road Research Board (SRRB), in collaboration
with UK Roads Board, commissioned work to itigase 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 Tadkand 2 Task lhas investigated the
consistencyof the cracking and ruttig dataand how it might be improvedTask 2has
investigata if and how theSCANNER parameters canopémised 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 fas been observed to be the main cause of the large
inconsistencies seen in the QA audit procédgere may be differences between the level
consistency of racking on rural and urban roadbut this was not strongly shown in
individual LHAs. However, crany data collected during the winter montlsobserved 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 curretly no method to check that the fleet is consistentthe measurement of
cracking and the repeatability test is also weakhis projecthas therefore developed
enhancements to the cracking Accreditation procdsss recommended thathe test for
repeaiability devised within this project is implemented immediately. A new test for fleet
consistency has also been devised withie groject. It is a more complex test, that will
require experience to understand its effect on the current SCANNER fleetth#refore
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 efttral.

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 corisistére 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 bieeestigatedthat 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 repeatabledata. Using a centrally defined and dawiled rut algorithm could also
improve fleet consistency. As SCANNER contractors now enspldysysems (and sample
their data dowr), it should be practicab increase the performance requirements defined in
the SCANNER specification. In addition, TRACS rutting algorithm has been trialled and
found that, subject to improvements tdoth the edge detection algorithm and the
placement of the straight edge, it should be able to provide good performance. Therefore it
is recommended that implementationfdhese 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 P07 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 havebeen consulted to identify potential revisions/enhancements to the
SCANNER condition parameters, or potential new parameters that could be included in a
future SCANNER surveSeveral observations and recommendations resulted from this
consultation andhawe beento 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 nexR4lZnorths
followed by implemetation).
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Quick Win 1: Cracking

o

The consistency improvements recommended in Task 1 should be implemented
as soon as practical;

Of the delivered cracking data, value is being drawn from Whole Carriageway
Cracking and Wheeltrack Cracking. The remaining surface det&iora
parameters are not required in the delivered data.

Quick Win 2Ride 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 willeduce the adverse effect of geometry on the data;

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 asses¥ 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 rapdément 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 alwolegs

the current rutting, until deemed acceptable;

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 congddurther.

Longer term developmer: Freting

o

There is a clear call froidHAs for a measure of fretting. The current SCANNER
texture variability provides a poor proxy for this.

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: Bump/pothde 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.

High resolution transsrse 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 talevelop an education strategy. This could be developed
alongside the recommendations of Task 3, to include the survey, its
measurements and the usef the data (RCI/UKPMS).

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 highquality multimedia education materials so that the courses are inclusive
and accessible regardless of location, time constraints or other local limitations

Draft
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1 Introduction

The SCANNER survey provides network wide condition assessment of the local A, B and C
road network usingraffic-speedsurveydevices thatcollect data on the visuaondition and

shape of the road surface The collected data is processed and converted into condition
parameters, such as ruttingnd crackingand delivered in a UKPMS compliant format to

local authorities, for loading into their pavement management syst.

The data is used within UKPMS compliant systems for repattigonditionof classified

local authority roads. It is also used to identify lengths in need of maintenance or further
investigation, and to support scheme identification and prioritisen. The data also
supports asset valuationvia the Carriageway Condition Index (CCI), whiehnethodology
recognised by HAMFIG and CIPFA for use in Whole of Government Accounts (WGA) and for
reporting within local aute NA G A SAQ 26y | O02dzy i a

SCANNERNitiallycalled¢ ¢ { 0 ¢l & RS@St2LISR FNRY (KS | A3IKg
the strategic road network. TRACS vdesigned forcondition measurementon roads that

were typically wideand even and with few extremes of geometnyfherefore development

was undertaken to adoptthe surveyfor local roads. A programme of reseayshpported 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 sudtl loc

roads and the delivery of parametenrsetter focussed omarrower local roads, describing

defects such as unevenness and edge deterioration. The research also delivered the
definition for the SCANNER Road Condition Indicé®El), which estimates theverall

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 managemennd review of the orgoing accreditation and QA process.

A development group led by software developers, survey contractbesSCANNER 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/UKRPMS&14 hese

groups commenced eeview of the performance and status of the SCANNER suinepe

light of the experience of local authority data users, SCANNER survey contractors and the
SCANNER auditorThe groupsidentified a number areas whereenhancements or
modifications to the SCANNER processe required, in particulathe following three key

areas

Optimising the consistency of SCANNER data

As an important survey for botlhocal and nationalcondition assessmena need for
consistency and quidy control was recognised froithe beginning of the SCANNER process.
The SCANNER specificati@mguires that all surveydevices 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 wih the consistency of SCANNER surveys. Of the cuoem data,
cracking is theparameterthat raises most concernlt is inconsistent across the fleet of
SCANNE®&evices, 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 wesedaover this
measure becauséssueshad been identifiedwith localised bias, noise and incastency
from deviceto device(which may be site dependentThis issue is relevant because of the
more significantontributionthat rutting makes to the SCANNER RCI.

The SCANNER Condition Parameters

The SCANNER survey reports a wide range of parameusling texture, ride quality,
rutting, cracking, edge deterioration et number of these were introduced at the
conclusion of the 2009 research, but there has been no fellpwvork to investigate their
capability aml relevance There isalsoconcernthat 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 theurrent parameter set is appropriate or sufficient to support
maintenance operations.

The Appreriateness of the SCANNER RCI

The review questioned whether the current method of reporting SCANNER data (RCI)
matches howiLocal Highway Authoritied KIA$ make maintenance decisions or how LHAs

might want to track the effects of maintenance. Although the RCI reports the percentage of

the networkthat is estimated to be in poor condition (i8.y | & NB)Riis déek oS 3 2 NB
necessarily mean that this 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 ¢die better associated with the treatments that are (or would be)
undertaken.

Thus he Scottish Road Research Board (SRRB), in collaboration with UK Roads Board, have
commissioned worko investigate and develofhe SCANNER surveyhe research consists
of 3 tasks, relating to the three key areas identifadzbve

1 Task Ig Consistency of SCANNER data
1 Task 2 SCANNER Condition Parameters
1 Task X Appropriateness of the SCANNER.RCI

This reportdescribes the worlcarried outwithin Task 1 and,2and the r&eommendations
arising from this work. TaskiS@discussed in a separate repd@aftwright & Spong, 20).
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2  Task 1- Consistency of SCANNERackingdata

Task linvestigateshe consistency of the SCANNER dé&taussing on the measurement of
rutting and cracking which wee idertified as key consistency concerits the SCANNER
Development Group review his section discusses the measurement of cracking.

2.1  Approach

SCANNERA& RSt A @S NBR¢ (2LI$ §whidBapER(InanFababetmigthod wih
which cracking should be identified on the local road netwofke specification defines the
accuracy requirements for the measuremenhd how it should be reported in an HMDIF
file (percentage of road surface affectedjhis allows contractos to use ay suitable
technology and, in theory,allows developments in the field of crack detection to be
available for the SCANNER survelwever, this approach derives from TRACS surveys, for
which the Highways Agency (now Highways England) would commissiogla 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 accreditatidnyt with differencesoccurringbetween devices

in the fleet(in terms of the absolute levels of cracking repontethis has become more of a
problem as additioal devices have been introdudédo the survey.

The method used by current SCANNER survey contradiorslentify cracking on the
network, is to collect downward facing images of the pavement surface and then use a
computer algorithm to analyse the imagesidentify the crackpresent The image systems

are different between contractors and can diffedthin individual contractorsCfleets. Also
each contractor uses their own bespoke algorithm to analyse the imdgmential for
inconsistencycan arise from differences in thmage collectiorsystems usedn addition to
differences due to the differeranalysis methods.

Improvements to cracking consistency coplatentiallybe achieved by developirand then
specifyinghe specific equipment andlgorithmsto be usedfor SCANNER surveytowever

this was not considered practical. Such development wadar outsidethe scope of the
project (industry has been working #is problem for over a decagdand 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 umatand significant survey industry (there are 15
current vehicles) having to be significantly updated/replaced.

Therefore the focus ofTaskl has been to obtain a better understanding of the consistency,
in terms of its significance to SCANNER, andHheasinvestigated whetheimprovements to
the Accreditation process could beaised to assist inincreasng consistency across the
current fleet and any new systems that might join the fleet

The investigation carried out to support this work has requitke 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 inAppendix 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 rdstaork
We have considered whether thissueactually has a material effect on network reporting
and, if so, how significant it is. Alsghether there is any evidence that angnticular 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 ed€hm 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 wetigd at 1(McRobbie et al., 2007Yhis means that

ONI} O1Ay3a AGasStT Olyy2iG4 NBadzZ i Ay | tSy3adk o
to have a score >100 and cracking can contribute up to 60 points only.

The SCANNER QA process examines ANISER dataach yealandalsocalculates audit

Indicator (Al) reportingd KS LISNOSy Gl 3S 2F € Sy 3dKAThiNS L2 NI S
conceptually similar, but not the same &ingle Data List Items 184 and 13602, the

national indicators. The @\ also examines changes in the As there is expected to be

some stability in the data, Authorities where there are significant changes imAttee
investigated to determine if the change is associated with poor data quality.

The research has invegtited the effect of inconsistency in the cracking data on the Al by

ddzo aGAGdziAYy3a ONIO1Ay3a RFEGE FTNRBY 2yS &SI NDa
0KS LINBOA2dza &SI NRa& adz2NwSe Ay GKS &l YS | dzi K:
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 Al between the

two years, and we can conclude that inconsistency in cracking data cadamsdhave a

significant effect on network level reporting.

2.2.2 Effect of road environment

¢t2 aasSaa GUKS OFINARFIoAftAGE Ay ONXOlAY3I o0& NR
the national SCANNER database of SCANNER survey data and the average cracking
calculated for each year, broken down by road environment (urban/rural/principaknon
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 yétal
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 detecsystems. 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 notstgly 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 prmed 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, suchas 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 consist&eweral approaches were
suggested:
1 Implement a winter shutdown for the surveys e.g. between December and February
inclusive, similar to that for SCRIM;
1 Calculate RCI excluding cracking collected during winter months or include an
estimate of cracking itiead;
1 Mark the data as unreliable, thus enabling Local Authorities to choose whether to
include the data in the RCI calculation.

A consultation washerefore carried outwith stakeholderson these proposalsaskng the
following questions:
1 What are youtthoughts 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)?
1 Would this have an effect on when you usually receive your SCANNER data and, if so,
how?
1 If you would like to see iimplemented, what increase in cost (either £/km or %)
would you find acceptable to ensure better consistency in the data?
1 If surveying continued to happen throughout the year, what are your thoughts on
0 Excluding cracking collected during the winter montfrem the RCI
calculation
0 Excluding cracking collected during the winter months from the RCI
calculation but including an estimate of the cracking instead (from previous
8SIFNBQ RIFIGF 2N F@SNF3IS gFfdzS FNRBY (KS
o Marking the data as unreliable.
The stakeholders consulted included he¢ 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
shutdowvn would not affect them/improve their daté8x authorities gave an opinion (2 who
have summer surveys)

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

1 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.

1 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 estimate2 ¥ ONJ Ol Ay 3 FTNRBY LINBGA2dza &SI NJ
apprehension.

1 All woud prefer to see no cost increase but accepted cost increases ranging f88m 1
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 bednvestigatedby simulating the effects of the consistency using data
from the national SCANNER database and observing the change in flsed&kSéctio.1.4

in Appendix A It was found that the thresholds have a minor contribution to the changes in
the RClput are unlikely to be thanajor factor in causing cracking castency to have a
large effect on the RCI.

2.3 Improving Consistency via th&ccreditationprocess

The current approach to accrediting SCANNERcheshis clearly defined in the SCANNER
specification(SCANNER Specification, Volumdrbsummary, a vehicle isquired 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 50 length. The test and the reference tdaets are normalised such that

the average level of cracking is 1, and each 50m length rsdk&ned 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 repexditby 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 met, so that there has beena degree ofpragmatism included in the
assessment process since the commencement of SCANNER surveys, witharsnisaally
having an ongoing Improvement Actiota® (IAP)to increase their statistical performance.
This has ledo some improvements in the performance of devicaisd has actuallyeduced

the variability (as show iPA.2.1), but the consistency of the measurement is still
proportionately worse than other measures such as rutting.

The normalisation process is included becausstohcally there has been difficulty in
providingdirectly similar absolute values to that reported in the referendherefore the
focus has bee?y G KS NBfAIFIO6fS NBLR2NIAY3I 2F aLIR22NI f ¢
However, this was a much more appropriate test for TRACS, and has weaknesses on

fleet of different vehicles is in usé fleet of devices that all passed the accreditation doul

deliver very different levels of cracking.
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The accreditation methods also applied toest the repeatability of the dataln this case the
data from two runs from a device are taken and individually normaligéth one run then
considered the referencand the second considered the tedt.is possible that a device
could report twice the level of cracking from one run to another but would still pass this test.
Thiswould notbe consideed 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 weakSuch tests should b&cluded in the Accreditatiorand are
discussed in Sectigr2.4 (repeatability)and 2.5 (fleet consistency)

It is further noted that he accreditation ofdevices for crackingis carried out on
approximately ten sites which are spreadaround Berkshire. Four of these sites are
predominantly from the trunk road network (M25, MAEB, MAWB and A329M), andosix f
part of the SCANNER netwoilhe6 siteson the SCANNER netwar&mprise over 70km of
road and are split by rural/urban as showmrablel.

Tablel: Lengths of sites used for cracking accreditation
Length
All roads included in accreditation sites (excluding trunk re&d 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 crackinigmay be sensible to include a higher
proportion of urban length the tests.

2.4 Development of repeatability tests for cracking

Several methods were identifieoh this specific fieldvith potential for use in assessing
either the repeatability orthe fleet consistencyf SCANNERevices These which included
the TRACS approach and the SCRIM appreadie, reviewed(SectionA.2.2in AppendixA),
and it was concluded thatone wasappropriatefor assessg therepeatabilityof SCANNER
crackingn the SCANNER Accreditation tests

Therefore other standard statistical tests were assessed for appropriateness to test the
repeatability of SCANNER cracking datad two were identified that showed promis&he
Confidence interval (Cl) and the Coefficient of variation (CV).

The confidence interval is essentially a measure of how precise the datahsw.elustered
together it is, with smaller CI values indicating tighter clustering of the data. The cadfficie
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 iddowever, he two parameters are subtly
different andhighlight slightly different forms of inconsisten§ecton A.2.3of Appendix A
describes bw theseparametersare calculated.
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There wa 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 outtéondee

when Cl and CV become sufficiently stable for use in assessing repeaf8eititypnA.2.3.3

and the suitable length over which to assess the parametesis 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 shownTable2.

Table2: Data available for accreditation testing development

Monthly Primary Sites SRR1 and SRR2 (SCANNE#Rceeditation test routes)
Year Contractor Year Vehicles (Contractor)

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

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

2013 Highway Surveyors, WDM, YottaDC
2014 Fugro, WDM, Yotta
2015 WDM, Yotta

2016 WDM, Yotta

The average value of Cl and CV for data from an individual device, from all Accreditation
sites, will inform of the general performance of repeatability for that devitbke average CI

(6 "®and CV(6 w for all devices accredited during 2015were calculated using the
individual CI And CV values from each 500m length, i.e.

00 -B 06"CGndd w -B 0 w. Theseare plotted in Figure 1 for each device
accredited in 2015/16.
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Figurel: Average CIl and CV for dkivices accredited in 2015/16

The lower adeviceQ@ ‘Gand 06 wvalues, the more repeatablehé data In order to
determine upper threshold values to apply to these parameters, tH2 fi&rcentile of allCl
values(from all devices, reported over 500m lengths) was calculated. THep6Bcentile

was chosen since, for normally distributed data, the standard deviation defines a range
within which at least 65% of the data lies. The"ggercentile of allCVdata was also
calculated.

Calculating these percentiles for 2015/16 data givehrashold value of dj, close to 0.05
for the Confidence Interval and:Jclose to 0.1for the Coefficient of Variation. Therefore
these values have been chosen as upper threshold values to applyGmd 0.1 ford & in
order todetermine generatepeatability.

These thresholds are shown &iigurel (the blue dashed line for CV and the red dashed line
for Cl)and, as can be seemany of the current devicesxeeed these valuesandthus would

not pass this testHencethis will be a tough test to pass, until the repeatability improves.
There is scope to reduce thtaresholdsin future, as the cracking data quality improves.

Table3 shows the results of applying these thresholds to th&and6 wvaluescalculated

for the 201316 Accreditation data. As can be seen, only thvices pass this testRAV6

and RAV12However, it is felt that this single average value test does not realllyyou

what the device is like in generalhe averagealue can be skewed by outlying values (e.g.
large spikes)Thismayresult in the failure oSome devices that are usuallypeatable 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 ha®ifgti K/ dndKn @ n p
[ = XXisdanepeatabledevice Applying this to the 2015 dativesthe results in the right
hand side of Table.3As can be seen, all but 4 devices pass this second test.
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TIRL

Table3: Average Cl and Gxalues andoercentage of éngths not exceeding either
threshold 2015 Accreditation data

Percentage of 500m
Average| Average Pass lengths for which
Vehicle Clvalue| CVvalue| Test1?| / LXXn ®np | | Pass Test 2]
RAVS 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
RAVS 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 falevices that do not pass the second test, the inconsistency

in their repeat data may not affect the RCI, or there may be specific reasomscédised
differences in cracking dathat have led to a failure to meet the criteram a small number

of lengths(e.g due todriving ling.

The averagecontribution made to theRClby the cracking datdor each 500m lengths
shown for thetwo test runs inFigure2 for RAV7. Théengths where the difference in RCI
contribution is >1Care 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 impravents or focussed requirements may be added to
the@SKAIBRE SQ&
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Figure2: Cl values for two repeat run&4n RAV7 ad the cIJntrlbutnln to the RCI
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2.5 Development offleet consistencytests 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 (SectiorA.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 crackidata.The data used for this development was the same
as thatusedfor repeatability Table2).

251 Method to test fleet consistency

Eachdevicein the SCANNER fleistrequired tobe re-accredted annually For mostdevices

this is approximately 12 months after tinefirst Accreditation Unlike SCRIM testingn
which annual fleet trials are undertakethe devices do not all get tested on one da&ythe
tests are spred throughout the year However, althoughthe devicesdo not perform
Accreditation tests at the same timehdy do survey the same routesThe auditor monitors
these routes regularly, so any significant change in conddai@quickly noticed. Thus, for
Accreditationit can be assumed that the condition of the routes surveyed will be the
broadlysamethroughout theyearand hencehe data delivered rutting, LPV, cracking ejc.
should besimilar from eachdevice

Theproposedapproach to test fleet condisncyis therefore based on an assumption that
data will be available from the same site for all devitest can be considered broadly
comparable. For each device:

w For each 500m length, calculate a representative value for the fleet
w Calculate the biakom the representative value on each 500m length
w Calculate the @erage bias over the whole site
W

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

€

If this is greater than Threshold X, then determine thecpatage 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 determinea deviceis consistent with the resof the fleet, it is first necessary to
calculate a value that is representative of the fléet any reporting length The simplest
calculation would be to take the mean value of the flddoweverwhilst this works well for
an evenly distributed fleetHxample 1 irFigure3d), it is less effective when there is one or
several outliersn the fleet (Examples 2 and 3 kigure3). It also would not highlight when
the fleet is split into twagroups(Example 4 ifrigure3) and arepresentative value does not
exist for the fleet as a whole
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Figure3: Examples of fleet distributions (each coloured dot represents an average value
for a device)

It is relatively straightforward for a human ttecidewhich devices should be included in a
mean calculation, to determine a valtigat is more representative of the flegblack spots

in Figure3). Howeverthis is a subjective calculatiawhich is inefficient, difficult to define in

a specification, and open to challengehus there is a desire to calculate a representative
value aubmatically.
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methods and thus has been proposed as the most appropriate method to apply for fleet
consistency testing. This method determ@na 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.
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2.5.3 Determining appropriate thresholds for fleet consistency

There is a need tdetermine appropriate values for the thresholds X, Y arabdve As

with the ClI and CV parameters for repeatability testing, we have calculated the 65
percentile of the absolute biases for all devices, using each of the three approaches for
calculatirg the representative value, described in Sect®s.2 which gives a value for Y of
0.036 and 65% for Z. As with the CI and CV parameters, it is suggested thatugador X
should be the same as Y i.e. X=0.036.

254 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 consistemsy will have tobe

I LILJXE A SR 2y | Thedilsidéviceity chrme irdfor Adcrditatiam any yeawould

be compared withall other devicesholding anAccredittion certificate from the previous 12
months

To see how this would work in practice, simulation was carried out using the 2016
accreditation programmelNote this resulted in the exclusion of the Yotta devices from the
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analysis, since th2016 Accreditation data was not availalide this simulation for the Yotta
devices

The fleet consiency for data from 205 Accreditations was calculated first and then the
2015data from individual devices wagaduallyreplaced with 206 data, to replicate the
GNREEAY3IE yYIEGdzNE 2F GKS (0SaiGd ¢KAA ¢l & dzaSR
reported as consistent with the fleet over time. The results are presentéchiie4. Note

that the devices have been added in a random ordgnot necessarily in therder in which

they come in for Accreditation.

As can be seen frofhable4, RAV6 consistently fails the fleet consistency,testilst RAV7,
RAV10, RAV11 and RAHhsistently 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 withe rest of the fleet in 2016 tham 2015. Similarly,
RAV9fails the test until the 2016 data for this device is considet@dnversely, the 2015
RAV8 data is consistent with the fleet but the 2016 data is not.
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Table4: Results of fleet consistency tests usinlystering method to obtain representative value

Data

A: 2015 B: A+ 206 RAV14* | C:B +206RAV12* D: C + 206 RAVO E: D + 206 RAV6
Vehicle — 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 | 0029 | 735%| Y | 0028 77.8%| Y | 0.027|77.8%| Y | 0.028] 76.8%| Y
RAVS | 0.031| 76.8%| Y | 0031 | 755%| Y | 0029 77.8%| Y | 0.029|788%| Y | 0.029]| 76.8%| Y
RAVO | 0.041| 62.6%| N | 0043 |61.2%| N | 0040 61.6%| N | 0.031| 71.4%| Y | 0.031]| 73.5%| Y
RAVIO| 0.027 | 79.8%| Y | 0029 | 735%| Y | 0.028|80.8%| Y | 0.030|79.8%| Y | 0.031]| 76.8%| Y
RAV11| 0.035| 68.7%| Y | 0033 | 72.4%| Y | 0037 69.7%| Y | 0.034|73.7%| Y | 0.035]| 71.7%| Y
RAV12| 0.023| 78.8%| Y | 0022 |82.7%| Y | 0022|81.6%| Y | 0.023|81.6%| Y | 0.020]| 85.7%| Y
RAV14| 0.087 | 61.6%| N | 0.060 | 69.4%| Y | 0058 71.7%| Y | 0.058| 71.7%| Y | 0.057| 71.7%| Y

Data

F: E + 206 RAV7 G: F + 206 RAV10 H: G + 206 RAV11 I: 2016 (+RAVS)
Vehicle 1 2 Pass? 1 2 Pass? 1 2 Pass? 1 2 Pass?
RAV6 | 0044 | 51.0% | N 0.042 | 54.1% N 0.046 | 55.1% N 0.043 | 53.1% N
RAV7 | 0048 | 727% | Y 0.048 | 71.7% Y 0.044 | 70.7% Y 0.047 | 65.7% Y
RAVS | 0029 | 778% | Y 0.031 | 76.8% Y 0.029 | 77.8% Y 0.098 | 60.6% N
RAVO | 0031 | 69.4% | Y 0.031 | 70.4% Y 0.031 | 74.5% Y 0.030 | 76.5% Y
RAVIO| 0032 | 73.7% | Y 0.034 | 69.7% Y 0.035 | 71.7% Y 0.034 | 70.7% Y
RAVI1| 0036 | 70.7% | Y 0.035 | 71.7% Y 0.019 | 87.8% Y 0.021 | 85.7% Y
RAVI2| 0021 | 82.7% | Y 0.023 | 80.6% Y 0.020 | 80.6% Y 0022 | 79.6% Y
RAV14| 0055 | 758% | Y 0.055 | 76.8% Y 0.052 | 74.7% Y 0.055 | 75.8% Y

1 =Average Bias faite

2 = Percentage of 500m length¢n ®n o ¢

* 2015 data for RAV6 to RAVagad 2016 data for RAV14

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

Implementing the fleet consistency test on a rolling basis, as daeiteis submitted for
Accreditation (as demonstrated above)ouldhelp ensure the stability of average cracking
provided by the fleet over timerhe method would likely prevent large jumps in the fleet, as
was seen between 2013 and 20ivhere an overall chang of ~0.2% was seergnd
subsequentlyreversed in 2015 This is becausany device submitting data that is
substantially greater or less than the previous year wdalbithe test and therefore not be
includedin any future fleet consistency testmitil it isableto provideconsistent 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). &hkudersit
which reference data is available are usually chosen specifically for cracking saadysis

not possible to provide reference data for all Accreditation sites, as it is with e.qg. rutting

In calculating a representative value for the fleethay 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 devi¢ee. the data would not need to be normalised before
comparison). Thus this approach coble 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 ofmethods to improve onsistencyof 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:

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

9 Implement the test for machineepeatability The repeatabilitys currently inferred
within the Accreditation test and therefore the test developed for repeatapitiain
be considered to be a formalisation of this process. Therefibre test for
repeatability should be implemented within Accreditation as soon as possiflbis
could be achieved by updating the SCANNER specification. An outline of the
specificatio text is provided in &tion2.6.1

1 Implement the test forfleet consistency Thishas rot been applied before and
including itat Accreditation may result in a number of contractor devices failinig
recommended that the test is introduced but not enforced for at least one y&ars
will allow a trial periodfo identify any issues that need tme 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 speification text is provided inegtion2.6.2
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2.6.1 Proposed addition to the SCANNER specification to test repeatability in
Accreditation

The following outlies the revisions to th6&6CANNER specification to incorporate the tests
for repeatability into the Accreditation tests:

1 Use data collected during surveys of SCANNER Road Routes.1 and 2
1 For each device in the fleet, perform a minimum of 3 runs.

1 For each runcompute the average LTRC value over 500m lengths.

1

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

1 For each section j for device k

o Calculate a mean value of all the ruds,

o0 Calculate the mesurement error |
0 Use the data to calculate a confidence inter®al) defined in sectioi\.2.3.1

o Use the data to calculate a coefficient of variatimd as defined in section
A.2.3.2
71 Calculate a globab "Cand 60 ware calculated a® O -B 6 Oand 6 ®
-B 0 w.
A device an be considered to be repeatabledf OKn ® 1 pd i Rd M

For all devices that do not meet these criteria, the individual values ‘@and

0 wwill be assessed. If 65% of the 500m lengths meet the critei@Kn ®np | YR

6 wXnodmE GKS RS@OAOS gAftft 0S O2yaARSNBR (2
1 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: O f cracking <0.15%, 100 if cracking >2% and 0@dcking ¢
0.15)/17 otherwise

o For each run, calculate the average RCI contribution for each 500m length
o0 Calculate the difference between these contribution values for each run

o LT GKS RATTS NsryteSncondistedy ih thef cracKimgndata 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.

Draft 16 PPR16



T 191
Development of SC ANNER and UKPMS I IQ_

2.6.2 Proposed addition to the SCANNER specification to flegtt consistency in
Accreditation

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

w The test would be applied tdevices that have passed the repeatability test
w UseLTRG@atacollected during surveys of SCANNER Road Routes 1 and 2

w For eachdevice compute the average LTRC value dach 500m lengthusing all
data from all runsThis is denoted ds for devicek and length i

w For each 500m length, calculagerepresentative value for the whole fleet using the
average valueandthe cluster method:

o Sort the averageracking valug, © into ascending order

o Starting with the smallest value, look at the difference in value betwibén
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 ontinue to compare adjacent values, until the last value is reached.

o This will result in between 1 and several clusters being identified.

o0 Any cluster with over 50% of the data points lying inahbe considered to
0S GKS GNBLINBaSyildlFdAgdS Of dza i SNE

o If no such cluster existanspectthe gap sizebetween the clusters. If any
clusters are closer than 0.2, then these slibloé merged to form one cluster

o0 When a representative cluster has been identified, calculate the mean value
of all devices in this cluste 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.

w Forthe testdevice

0 Calculate theabsolutebias of the average foeach 500m lengthHrom 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 averagebias for the whole sitd a K ahéntthledeviceis considered
to be consistentvith the fleet

o If the bias for the whole sites >0.036 calculate the percentage of lengtf
which the absolutebiasA a  >X/f @¢his cexceeds 65% then thdeviceis
considered to beonsistent with the fleet.
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3  Task 1Consistency of SCANNER Ruttitaga

Although rutting is generally considered a reasonably consistent parametdre
Accreditation and QA process has suggested that there are swuoasisteniesin the data,
particularly at the lower end of the range (i.e. small values of ruttifigjacally the
differences fall within the tolerances of the specification (£3memd do not affect the
current accreditation process.dwever, these small differences can accumulate with other
parametersand influencethe RCIThe second part of Tasksougl to understand these
inconsistencies and consider if there would be scope within SCANNER to improve the
consistency. These are discussed in this secHpar(d in Sectiod.

As for the assessment of cracking, the investigation carried out to support this work has
required the collation of large datasets from the netsk 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 iAppendix BThe following sections present a summary of

the results and recommendations.

3.1 Understanding utting using the @creditation process

3.1.1 Year on year consistency

The Accreditation data from tests carried out in 2014 and 20d&e examined to
determine the consistery with which different SCANNERVices reporthe samelengths

to be inthe same RCI category i.e. are lengtbgorted asGreen in 2014 also reporteas
Green in the 2015 dathy a different deviceClearly this assumes little changethe 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 categoriesg.1.]). This does suggest that the data is inconsistent to an extent that
it will affect the RCI calculatiotowever overall a very low percentage of tmetwork was
found to be affectedby lengths contributing to the RCI one year but not the next ti8s,
does not appear to ba large problem on the routes surveyed during Accreditation.

3.1.2 Fleet consistency

A comparison of theverage rutting value reported by eadevice for the last years m

the accreditation sites showed that, over#ie fleet has becomemore consistentandthe
consistencyis goodin comparison tocracking(B.1.2. However, there is a noticeable
difference between the two current contractors, with Yotta reporting an averagelepth

of 1.7mm less than WDM-{gure4). Since the contractors implement their own rut depth
algorithm, this differencecould be due to a difference in the measurement of transverse
profile between the contractors a difference irthe algorithms implemented.
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ata)

Figure5: Average offside rut depths from the fleet, processed using the TRACS rutting
algorithm

Further investigation of thdifferences found that:

I 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.

1 The differences in rut depth may be causeddifferent 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 differerethese cases.

T TKS (NI yao@SNBS LINRPFAf{Sa FTNBY SIFOK RS@OAOS
softwarel YR 'yl f&aSR dzzaAy3a GKS ¢w! /{ NHzi | 3

algorithm as a contributory factor.The differencebetween the two contraatrs
could still be seenFigure5)® ¢tKA&a adzZa3asSada GKIFG Ad A&
causing the main difference.

The observations suggest that a requirement fowider profile measurement withhigher
resolution data in the SCANNER specificatmuld overcome some of these differences

3.2 Understanding rutting using the QA process

The SCANNER QA process examines giebdtions 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, @a LHA may to expect to have a stable distribution year on year (unless a
particularly large maintenance investment has been maBgure6 shows thenearside and
offside rut depth frequency distributions from Lincolnshire in 2013/14 and 201511
shape of the distributions is not consistent between the two years, anthis caseémpacts

the value of the RCI calculat¢idwer threshold forrutting is10mm¢ the green dashed lines

on graph$.
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Figure6 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 shoWwigure?7, where the distributions are
similar in the Amber and Red categories but not in the Gr&®hilst the values, in these
cases may not impact the RCI by themiges, the differences can accumulate with other
parameters to lead to inconsistency in the RCI.
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Figure7: Examples from QA Audit report of inconsistency of rutting in Green catedauny
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4  Task 1. Approaches timprove Rutting Consistency

The investigation ofegtion 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 ¢eaned 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
guality rut measurements. Therefore work was carried out to develoew rut algorithm

called ¢eaned rutting deaned rutting is calculated using a centrally defined algorithm that
attempts to identify the edge of the road in the data and exclude anytpaimade outside

2T GKA& SR3IS FTNRY GKS NHzi RSLIWGK OFft Odzf I GA 2\
transverse profile.lt was added to SCANNER along with several other enhanced parameters

in 2007, but has never regpted the standard rut algorithm

The use of cleaned ruttingo improve year on yeaconsistencywas investigatedusing
network data from a LHAThe cleaned rutting (which is provided in the SCANNER dataset)
was used to replace the standard rutting within the RCI calculation and in theorietiudit.
Contrary to expectations, a reductionéorrelation between the distributions of rutting was
performance was seen.

Investigation of thisreduction in performancefound that this was becausdhe edge
detection process within theleaned ruting algorithm performed poorlyWhere the edge
was incorrectly detected by the cleaned rutting algorittinere were cleaissues with the
consistency of the cleaned ruttingndeed, a brief investigation into the ability of the more
recent TRACS rut algitmin 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 wHiis analysis
suggess that the current cleaned rutting algorithm would ngirovide a solution to this
problem.Thus it has not been pursued further.

4.2 Enhancements in Technologyhigh 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, whase it
likely that the contractor would use 20 individual lasers to measure the profile. Measuring a
higher resolution or wideprofile wasboth impractical and expensive. However, there has
been a step change in the technology over the last 10 years swathctintractors 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 thér data down for SCANNER delivery.

Recognising thischange, 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 greigflye 8

AaK2ga GKS RAFTFSNBYyOSa 20i0FlAYSR 06SGsSSy (g2
TRACS2 contract (low resolution similar to SCANNERyay A roads, and the differences

2001 AYSR 0S0G86SSy (62 &SINBQ NMzi RSLIIKa NBLJE
resolution) on 2vay A roads. There is a much higher percentage of differentesn<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.

Nearside Rut Frequency Distribution

Frequency

Rut Depth Difference (mm)

Figure8: Repeatability of TRACS data usingvlcesolution (blue line) and high resolution
(orange) transverse profile

The observations abovéor 2-way Trunk A roadsuggest thatthe introduction of high
resolution profile in SCANNER would improve consistency (repeatability) of rut
measurement on LArRcipal roads, as these are similar in nature.

As TRACS data is not available on local roads, and in partioilan minor roads, we are

not able to make such a clearetwork level demonstration of the potential for high
resolution profile on theLHA mtwork 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 roAdtest route was developed which
includedthe SCANNER accretibn sitesand 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. &hhave shown that:

1 Using a high resolution systeand in this cas¢he TRACS rutting algoritjroould
provide more accurate data than using a low resolution system.e. the
measurements are in better agreement with manual reference data (seBtidr2.3.

1 Using a high resolution systewould alsoprovide much more repeatable data than
using a low resolution system.

1 There arestill challenges remaining in the calculation of the rutting. Theher
performance was primarily achieved where the influence of the verge was removed
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4.3

(manually) from the assessmefgectionB.2.2.1and Figure9). Improvements to the
automatic edge detection algorithm would be requirad addition to control over
the placement of the straight edge, control over the ability to move the diitaig
edge, etc. (se8.2.3

On some narrow roads consideration should be given to usiteg SCANNER
transverse evenness parameter instead of ruttings this mightbe more
appropriate.

= Al but Verge Verge = fyverage SCANNER NS
100% ‘/’7””
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Figure9: Cumulative frequency of differences for repeat nearside rut depths:
Green lines are rut depths calculated from high resolution data (HARRIS2).

Implementation of methods to improve consistency afitting

The consistency of rutting is not such a significant issue as cratlomgever because of its
influence on the RCI, there woulde benefits in improving the currentsituation. This
research hasuggestd that rut depths calculated from high resdion transverse profile
are more accurate and morerepeatable than those calculated from low resolution
transverse profile.

1 The use of high resolution profileould 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 currefBCANNERIeet without replacement of
equipment, and therefore shouldave reasonableos.

Time should be allowed to transition to the new data least 12 months)This
would also allowmprovementsto be made tothe rutting algorithms, in particular
the automatic edge detection algorithmnd the straight edge placement to optimise
the useof the algorithm on lower classes of road.

The SCANNERansverse evenness parameteright have greater stability omery
narrow roads(e.g. U roads) and couloe more appropriate for use by those LHAs
that commission surveys of these road#is could b implementedas part2 ¥ | & |
NEIR {/!bb9w ALISOAFAOIGAZ2YEéD
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5 Task 2 SCANNER Condition Parametef3onsultation

5.1 Introduction

SCANNER deliversore than20 parametersout only a few are usedb calculate the Road
Condition Indicator(RC). It is also thought that dw LHAs make use of the enhanced
parameters provided in the 2007 research. Conversely, the survey dogzranate some
conditionparametersthat areconsideredo beimportant.

Better value could be obtainelom SCANNERwe 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§$roviders have been consulted to better understand the current use of
SCANNER parameterand the resultshave been usedto categorise the SCANNER
LI N} YSGSNAR Ayd2 WOl fdzofSkSaaSyiAalt QT wyz?
dza Sk dzy NELR Not FOT oA Y y23 LINPOARSRQ S0 ¢K
technical understanding of SCANNER technology, and a review of new technologies, to link
GKS O2yadzZ GFraGA2y 2dzi02YSa gAGK L2 G Syin Al f
I OKA S @I iefal@e@flirthetNISE S NOKO QT WNBY20SQ SiOo

The results of the consultation, and tlygiick winsidentified, are presented in this section.
These quick winkave beernreviewedwith the SCANNERevelopmentGroup and further

work on them carried out where ihin 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 Section7.

5.2 Gonsultation

Thequestionnaire sent to stakeholders aimed to determiwbaether andhow the current
SCANNER parameters are being ysed 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 paeters. The questionnaire is givenAppendix D

The questionnaire was sent 886 recipients 29 from Englandincluding8 Metropolitar/
London Borough authorts, 3 Scottish authorities, 2 Welsh authorities and 1 Northern
Ireland authority. Irtotal 15 responses were received:
1 11 responses from English authorities:
o0 7 from counties
o 2 from unitary authorities
o 1from aPFlI
o 1 from London Borough.
1 3 responses fronscottish authorities;
1 1 response from a Welsh authority;
1 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 assaranking for importance, with 1 being

very important and 5 being not important at all. The results of this are giv@alhe5, with

the parameters ordered by numbeof users and then by rating. Sombut not all
NEBaLRYRSydGda 3F@S | NrXrdAy3a F2NJ LI NI YSGSNR GKI
in this table includes their opinions too.

Table5: Number of users of SCANNER parametamns importance given to them

Parameter # of | Average | Parameter # of | Average
users | rating users | rating
Rut Depths (nearside, offside) 12 1 Other Visible Defect 2 4
Cracking (whole carriageway) 12 2 Transverse/reflection cracking 2 4
3m LPV (nearsideffside) 12 2 Transverse variance 2 4
Texture (SMTD) 11 2 Enhanced 3m LPV (nearside, offsiq 2 4
10m LPV (nearside, offside) 10 4 Enhanced 10m LPV (nearside, 2 5
offside)
Geometry (gradient, crossfall, 7 5 Texture Variability (RMST'5 5 5
curvature) Percentile, 9% Percentile, Variance)
Edge roughness 5 3 Edge coverage 1 3
Edge of carriageway cracking 3 3 Cle:_:med Rut Depths (nearside, 1 3
offside)
Texture (MPD) 3 4 Transverse unevenness (ADFD) 1 4
Wh(_eel Track Cracking (nearside, 2 3 Bump Measure (nearside, offside) 1 5
offside)
Surface Deterioration 2 3 RMST Texture _depth in the nearsid 0 5
centre and offside
RMST Variance (nearside, centre
Edge steps (at two levels) 2 3 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, whitrere are few users

and not much importance is attached to the parameters, it is clear that the Local Authorities

are generallynot usingor are not interested inLJF N} YSGSNAR GKFdG 6SNByYyQi
original TTS surveydhere are likely to be mixed asons for this, so each area of
measurement has been considered separately in the following subsections.

531 Ride quality LPV and eLPV

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

It is felt thatLHASLINR 6 6 f @ R2y QiU dzaS GKS dfdadysdlRlV NI YS (.
and the enhancegarameters effectivly doubleup on the original LPV parameters. Thus it

would seem appropriatethat one of these parameters sets is dropped becahsy provide
fundamentally similamformation.

However, although eLPV is the lesser used parameterould recommend keepg eLPVY
as it has been shown to be a more robust and consistent measure for TRACS. Using it would
also align SCANNER with TRACS. Séc#discusseshis further.
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5.3.2 Rutting: Rut depths and cleaned rut depths

A similarargumentto LPVcould be made in terms of standaeihd cleanedrutting ¢ users

R2y Qi dzaS GKS Of SIySR NXzi LI NF YSGSNHE he SOl dzi S
standard rutting parameterddowever, unlike with eLP\the work in Task hasshown that

cleaned rutting desnot perform better than standard rutting

Therefore there is no benefit in keeping cleaned ruttitmgthe long term, if a new enhanced
rutting measure was provided, this cduteplace boththe rutting and the cleaned rutting

parameters.It would be appropriate to report both measurésr 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 crackingarameter,asused in the RCI calculatiois well used and
ranked highly However, the other acking 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, whiee users were followedp to find

out how they were actuallysing ths data, it became apparent that no use was actually
beingmade; 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 thimconsistency in the cracking measure. |If it is possible to
makethe whole carriageway crackingarameter more consistenfusing the developments

in Task 1)then these three parametergould potentially be dropped withousignificant
effect.

However, albhough wheeltrack is not used in any other calculations e.g, €@l used in the
treatment rules implemented by UKPNS&d would cause a problem if dropped

Two people reported usingthé h § K SNJ + A & A 6 f S busvéhenJallawédupl.it NI Y S i
was appaent that this was not the case.

5.34 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 becauS A G Q& | 9dzNRPLISIY YSIF&ada2NB 2F (8
there might be astandardrequirement for government toreport this measureat some

point in the future This risk may still apply and it would be prudent to continue reporting

MPD.

The other exture measuregtexture variability, RMST texture depth, RMST varignei)jch

are calculated from measurements made in three lines across the width of the road surface
are not well usedFeedback was also received whgdid thatusers hadried to useRMST

to get an idea of fretting present but this did not prove very helpflihese parameters
could probablybe dropped withlittle effect, but it is noted that no real effort has yet been
made to apply them as originally intended.
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5.35 Edge and Bump

9R3IAS LI NIXYSGSNBR FINBX ol NBfte dzaSRY {2YS LIS2Ld
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 mediuat lev
importance rating givenThere has also been some investigation in Scotland into the
application of these within an edge indicatarwlould be recommended that these are kept

in SCANNER.

The lack of use of the Bump Measure was quite surprising, shisewias developed to
identify bump causing features, such as potholes. As discussed in Se8t®belowthere

was a strong request for potholes to be included 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 concef@sctiont.3).

5.3.6 Missing parameters

The questionnairealso asked the stakeholders what they thought was missing from
SCANNEReneratinghe following suggestions:

1 One suggestion for deflection measurements
1 One request to have a measuretb& change in condition
1 Several requests for measures of fretting, potholes, tléd patching.

Deflection: The only commercially available equipment that could practically be used to
provide network level measurements is the TSD (Traffic Speed Defletegm 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 né&tweork.
measuring equipment of the TSD is placed in the trailemofi&V and thus woulprobably

be unsuitable fosurveys of nonprincipal 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 roadéD 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 toghused by Highways England on strategic roads.

Change in ConditionThe 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 Highy& England, has shown that access to the raw measurement
data can be usedo align the data suitablgo that alignment errors can be overcoraad
changeestimated(McRobbie et al., 2017Lurrently he main output of a SCANNER survey

is an HMDIF filewhich contains only processed data e.g. LPV, rutting vallesever, the
survey does already have a requirement for the ability to deliver the raw daia.\Would

result inlargeamounts of data being deliveretiut 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
systemsDue to the complexity of this we have not investigated this further i 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, aauick win for this parameteis not
achievable witithe current measurementsdowever, aneasure of freing doesexist in the
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TRACSvhich isobtained by processing texture data measured in a minimum of 38 lines
covering a width of 3.8m. It is possible tha@mparabletexture measurements could be
obtained from high resolution transverse profile systefins equipment already being used

by the SCANNER contracfpordhe 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 (Sectig).

Potholesand failed patchingDue to the frequency of SCANNER surveys, the survey would
only be able to provide a snapshot of such features on the netwidikBump Measurevas
developed toidentify lengths that contain features that would cauadumpi.e. discomfort

to the users.Thsshould be able to identifpotholesand 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
measureto identify potholes/failed patching isivestigatedfurther in Section6.3.

54 Recommendations resulting from the consultation
The following observations and recommendations can laelen following the consultation.
For the standard parameters:

f The most impdlli I vy LI NI YSGSNE &4SSYSR G2 o6S (K
parameters used in the RCI calculation: Rutting, Cracking, 3m LPV, Texture, 10m LPV.

1 Only Whole Carriageway Cracking is used, thus other parameters (edge of
carriageway crack, surface deterioratjotransverse cracking, and other visible
defects) could be droppedVheeltrack cracking is needed for the UKPMS treatment
rules.

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

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

1 The geometry parameters are well used, due to their inclusion in calculation of site
category for assessment of skid resistanble. changs are needed for these.

For the enlanced/new parameters and items considered missing from SCANNER:
f alye dzaSNA RARYy QG aSSYy (2 (1y26 | o2dzi 2NJ
which has probably resulted in very little use being made of thelespite them

being implemented for nearly 10 yesanow). Therefore there appears to be a need
for education, to ensure that best use of the data available is made.

1 eLPV and LPV essentially provide the same data, so one of these should be dropped.
Werecommend that LPV is phased out and replaced witP\eL

1 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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1 There is evidence of a need for a measure of frettiihe enhancedtexture
parameters (RMST, RMST variartegture variability)that were developed as an
initial attempt to identify this defecté NB y 204G ¢Sttt dzaASR | yR
requirements.Ther continued used should be reviewed in thght of undertaking
further developments in the measuremeat fretting.

1 There is evidence of a need farmeasure of potholeHowever, the existingump
Measure may not be a strong toofor this. Dropping the measure should be
considered in the light of developing a more powerful replacement.

As a result of theabove observations whave identified a number of potentiguick wins
and longer term developmentsvhich are discussed in Secti®and Sectiory respectively.
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6  Task 2: SCANNER Condition Parameté&psick Wins

We defineQuickWins asenhancementghat could be implemented in the next 12 mits.
We have identified the following potential quick win®r the results of the consistenyc
workin Task 1, and thehanges 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 SCANNEBRecification, as discussed iecBon2.6.

Ony Whole Carriageway Cracking awheeltrack Q-acking are used out of all surface
deterioration parameters. There seems no benefit in continuing to provide the other
parameters in SCANNERese could be removed from the delivered data.

6.2 Quick Win2: Ride Quality

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

1 eLPV igxpected to provide a more consistent measure of ride quality on roads wit
varying geometry

1 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 robustcansistent
measure than LPV and also investigate the extent and sianythange that might be
expected for the RGls a result of using eLPV in place of.LPV

6.2.1 Use of & PVto 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 introduceepiace 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 intrediube 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 benediigsfing 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 netwhds been
investigatedby examining (e)LPV data on the local rasswork in Devon and on the
SCANNER accreditation road routes. The results are presented in deSaittion C.1.1
andsummarised here.

On the Devon network the 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 washown that the lengths with higher variation in geometry (gradient and
crossfall) are reported as rougher by LPV than by elLPV, suggtdsingPV incorrectly
associategeometry with roughness.

Theconsistency of théwo measures was alsanvestigatedusing the SCANNER road routes
and QA audit data, wher¢ has been foundhat

w eLPV is as consisteas or is more consistent thah.PVon the SCANNER road routes
(SectionC.1.3.

w 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 tbe 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 foresveral authorities, including:

1 Shetlands, Herefordshire and Devon (very rural authorities);
1 Bracknell and Blackburn (semuiral authorities);

1 Trafford (metropolitan authority);

1 London boroughs;

1 Birmingham and Hounslow (urban authorities).

Figurel0 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 ingt@Ad of
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 amoek 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 caussues 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
andaccounted for.
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FigurelO: Decrease in Audit Indictoseenwhen changing from LPV to eLPV

6.2.3 Including offsideeLPV in the RCI

Currently ridequality is only assessed in the RCI in the nearside wheelpath. However,
SCANNER repor@ngitudinal profilein both wheelpaths. Previoussar perception trials of

ride qualityhavesuggested thatif only one wheelpath is used to report condition, thvgl
significantly undefreport the actual number lengths that have poor ride quality

It is recommended thathe 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 us@dyith 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 LHASs.
This has been investigated for the same LHAs as condidereSection6.2.2 The Audit
Indicators calculated for these using nearside LPV data, nearside eLPV and both nearside
and offside eLPV data is shown kigure 11. The step change seen between the Audit
Indicator, calculated using LPV and then nearsidd offside eLPV is shownHigurel2.

Interestinglywhen using both nearside and offside eL®¢imilar Al is obtained to when
only nearside LPY6 usedin the current RCFigurel?2). This is because usimgarsideeLPV
in the RCI calculatiom place of LPYeduces the AlHowever,adding in offsideeLPV adds
additional lengths reportedclassified agpoor and thus inceases the Al slightly-dowever,
the introduction of both wheelpaths still results in a change #mete may still be significant
differences in the values calculated (e.g. Devon, Herefordshire). Therefwoaild still be
helpful to the users to have a phased in approach of thisuggestd in Sectior6.2.2

18.00%
=g A\ | with LPV

1e.00% I\ —t—Alwith eLPV

14.00%
JZA\N Al with eLPV + 05
12.00% \

10.00%
8.00%
6.00%
4.00%
2.00%
0.00%

Figurell: Audit indicator vdues for several LHS, calculated using nearside LPV, nearside
eLPV and both nearside and offside eLPV
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Figurel2: Difference between the Audit Indicator calculated using NS LPV and NS and OS
eLPV

6.3 Quick Win3 - Bump Measure

Therehas 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 concerii#is is investigated further in thégction.

The Bump Measure was developed for SCANNER as a result of user perception studies that
ddz33SaiSR GKIFIGX ¢gKAfad [t O2NNBfIFGSR ¢St f
did not correlate well with discrete ride quality features, whislould cause shotlived
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 igantonsis
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 gre@se in

the nearside wheelpath, the other in the offside wheelpath, and thae besignificantly
affected by driving lineHowever, vhilst it might not be possible to ushe measureon a
length by length basifi.e.to consistentlylocate bump causing featur@sit was suggested

that it may be able to provide a network level iodtion of how much of a network is
affected by bumps.

To investigate this, the yeam-year reporting of the percentage of lengths containing a
bump has been calculatetbr several local authorities The authorities considered include
examples of mainlyural authorities, mainly urban authorities, mixed authorities, a London
borough anda metropolitan authority.The results are shown iRigure13. As can be seen

for some authorities (Birmingham, Shetland), the measure regoighly the same amount
(percentage) of bumps eaclear. However, for most it is inconsistent with some
experiencing very large changes e.g. Hounslow, Bracknell, Trdtfaeth also be seefiom
Figurel3that, in general, the percentage of lengths containing a bump is less in the offside
than the nearsideReassuringly, splittinthe data by road clasdoes report thatA 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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Figurel3: Percentage of legths containing a bump in the nearsidéeft) and the offside
(right) for survey years 2011/12 to 2015/16

A further investigation has been carried oon specific sites to determinehy the Bump
Measure is so inconsistent and whethemibuld bepracticalto update it to provide a more
consistent measure(Section C.2. By comparing bump data with video images the
investigationhas shown thathe bump measure doeprovide useful dateon real bump
features,but it is inconsistent as tavhether a bump gets reported or noand the cause is
not obvious.It may be due to sensitivity to driving linsincethe measure igalculated from

a very thinlongitudinal measurement lineor may bedue to the waythat 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 achidwedonsidering 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 Parametémsnger Term
Development

We definelonger term developmentas enhancements that would probably require a
development phase over the next ‘22 months followed by implementation. We have
identified the following potential longer term developments from the results of the
consistency work infask 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 SCANNB&Ificationas discussed iregtion4.3. 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 ruttng for a number of years, until the new measure was deemed
acceptable (i.e. it could be run in parallel).

In Section3, it was shown that introducing high resolutiotransverse 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 calculatathilst the ontractors 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 levelsf outting on the same sites (within Accreditation
tolerances) This is influenced bthe different algorithms usedy different contractors

Thus it may be beneficial for a single algorithm to be implemented for SCANNER.

The TRACS rutting algorithm wtagrefore assessed to determine its suitability fose for
calculating rut depths orhe local roads surveyed by SCANNER. It was found furat
principal roads and relatively wide ngmincipal roads, the TRACS algorithm identified the
edge of the road wikand also calculated more consistent and accurate rut deptlosvever,
on narrower low class roadst did not always place the simulated straight edge in a
consistent or sensible position on the transverse profi&ther work would be needed to
improwe this,including

w Prevention of straight edge being placed too close to the lane edge;

w Prevention of too much overlap between thedraight edges used to calculate
nearside and offside ruts

w Prevention of gaight edge for nearsidéeingplaced in offsideof profile and vice
versg

w Reportingwhenthe transverse profiles too narrow to calculate rut depthg where
transverse variance would be a more appropriate parameter.
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7.2 Longer term development 2 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
0KS dzaSNBRQ ySSRao ¢KSNE Aa (GKSNBTXMBis| ySSi
and to develop a fretting parameter.

Prior to 2006, ¢xture depth measurements made by laser systems in the B¢ anly

reported as Sensor Measured Texture Depth (SMWRDjch aregenerally reported at 10m

intervals in the nearside wheeltrackAlternative means of reporting the texture
measurements made by current laser systemesre also available, including the Mean

Profile Depth (MPD) measure, which is widely used in Europe.

Research, carried out by TRYiner et al., 2006), determinethat improved methods for
detecting localised variability in texturevere needed for B and C roadslue to the
variability in texture that could be seen across the width of such roaflsmethod was
demonstrated that usé texture data collected aoss the lanewidth 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 shtwvbe 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 lowface texture the new method as
expected to outperform the current nearside measuremefs. 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 murement 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 measureceoss the full lane width would ideally be provided to calculate

the variability, it was practical to requirthe measurement of texture ironly 3 lines
Unfortunately, experience has shown thetting is a more important defect to road
engineers than basic variability, and this cannot be determined from theree
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 Z0Efting parameters @
calculated from multiple line measurements TRACS (Benbow et al., 20idLjhis may be
achievable on local roads if SCANNER were to deliver the required texture data, which we
believe to be achievable using current SCANNER equipnfémt.exampleFigure 14 and
Figurel15 showthe forward facing imagef a surfacedefect and the correspondinghigh
resolution multiple line texture (RMSTdata respectively. As can be seen fréigurels,

the RMST data allows for the shape and detail of theedeturrounding 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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Figurel4: The forward facing image of a pavement defect surrounding a patch, seen on
the SRR2 extension route
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Figurels: The RMST plot of the defect shown igurel4, which clearly shows higher
RMST valuegusing high resolution transverse profile data to provide 40 RMST values
across the road width)
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Figurel6: The forward facing imagef fretting, seen on the SRR2 extaon route
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Figurel7: The RMST plot of the fretted area shown kigurel6, which clearly shows
higher RMST value@ising high resolution transverse profile data to provide 40 RMST
values across the road width)

7.3 Longer term development & bump/pothole measure

If the current Bump Measure cannot provide a network level indicator of the extent to which
the network is aécted 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 easurement lines it is able to providéds with full lane
width texture data, we believe that it should also kmossible to obtain full width
longitudinal profile measurements using current SCANNER equipihendy be possible to
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calculate gpothole/lane width bump measure using this datalhus a lanavidth measure
should be achievable dncal roads if SCANNER were to deliver the requiretile data

For examplerigure18 and Figurel9 show the downward facing image of surface defects
G§KS o5 LINPFAES 06SEGNI Ol SR nsfeN pfofilé measuierfientQ &
system)and the correspondingesults from a 3D version of the current Bump Measubes.

can be seen, th8D Bump Measurdata allows for the shape and detail of the defetd 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 hanipdotted.

Figurel8: Downward facing image showing failing patch around a gully andesal dips
(left), results of applying 3D Bump Measure to the 3D profile data (right)
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