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Introduction to this Draft 
Currently, the performance requirements for ride quality of newly laid surfaces (series 700 of the MCHW) are specified in relation to the measurements provided using the Rolling Straight Edge (RSE). Due to the known limitations of this method, in terms of safety, practicality and its ability to robustly identify poor ride quality, research has been carried out to identify an alternative approach to testing ride quality.
This research has recommended that:
· The RSE is replaced by a non-contact measurement system that is able to measure the shape (Longitudinal Profile) of the newly laid surface more robustly. 
· The measurement of ride quality is expanded to better assess the ride quality achieved over the full width of laying, through the use of multiple measurement lines. This will further improve the robustness of the performance assessment of new surfaces. 
· The measured shape is used to obtain a parameter that better reflects the ride quality experienced by road users – namely the Roughness Index, RI that is applied in National Highways Ride Quality Metric. This will align the assessment of new surfaces with assessments carried out during the in-service lifetime of the pavement.  
· The delivery of ride quality information from newly laid sites becomes a digital process, with data being delivered to National Highways in a format such that it can be loaded directly into their management databases. This will provide the ability to track ride quality performance throughout the lifetime of the pavement, using a common approach.
· The tools and contractors that undertake the measurements are subject to tests and checks to ensure that there is a high level of quality in the measured data. This will reflect similar quality standards applied to the measurements undertaken during the in-service lifetime of the pavement. 
· And that this requirement be built into a revised version of the MCHW to optimise the delivery of newly laid surfaces that meet the expectations of road users. 
The draft specification presented in this document presents the requirements for measurement of ride quality of newly laid surfaces using non-contact methods, which has been developed in the light of the above recommendations.
This draft specification is being published to provide information on the anticipated requirements for the:
· Collection of measurements using non-contact methods
· Processing of these measurements into the required parameters
· Fitting and delivering the data to customers (e.g. National Highways)
This draft specification is being provided alongside a stakeholder engagement programmed being led by National Highways in the summer of 2023 to enable feedback on the approach and how it might best be implemented. Asphalt and measurement industry stakeholder participants in this programme will have opportunity to obtain a better understanding of the implications of the new approach, both for the delivery of new surfaces that meet the performance requirements, and for the measurement of the performance of these new surfaces.
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Note that in this Draft version some criteria are highlighted yellow, where work is ongoing to determine firm values for these criteria.
This document uses the following terms:
Accreditation Certificate; documentary evidence of the performance achieved during Accreditation/Re-accreditation.  It also sets out the limitations and validity period of the accreditation and the version number of the specification against which the assessment was made. It shall be retained by the Owner and produced upon request.
Accreditation Period; normally 24 months from the date of attending an Accreditation/Re-accreditation Assessment.
Accredited Surveys; surveys undertaken using Equipment which is adhering to the required QA and has a valid Accreditation Certificate. 
Accreditation Assessment; an event where accreditation tests are performed to demonstrate that the Equipment can meet the requirements under controlled test conditions.
Auditor; any organisation overseeing the Accreditation and QA programmes outlined in this specification. Specific requirements imposed on the Auditor are given in Appendix A. The Auditor is determined by the Network Authority.
Bias; bias is a measure of the average offset between the Survey Data and the Reference Data. It is calculated by calculating the differences between the Survey Data and the Reference Data and taking the average of these values.
Base Condition Data (BCD); the data file provided by MSP, which contains parameters such as eLPV and information to enable them to be fitted to the network.
Calibration; laboratory (or baseline) calibration of a System (or one of its Components) of the Equipment.
Closed Test Site; refers to a test site which can be closed to traffic to ensure testing can be completed in a controlled environment and/or for the collection of detailed Reference Data.
Component; refers to a part of one of the Systems fitted to the Equipment.
Contractor; the organisation carrying out the Accredited Survey. The Contractor may be a third party organisation commissioned to carry out the surveys, but could also be the body undertaking the surfacing works.
Derived Values; Parameters derived from the Raw Condition Data (e.g. by the Machine Survey Pre-processor).  Includes enhanced Longitudinal Profile Variance.
Developer; the manufacturer of an existing Equipment or System, or the organisation or individual who is introducing a new model or variant of Equipment or System. The Developer could also be the Contractor.
eLPV; Enhanced Longitudinal Profile Variance, a parameter that is calculated from the Longitudinal Profile to assess the smoothness (ride quality) of the road surface
Employer; the organisation that commissions the Contractor to provide Survey Data. 
Equipment; the overall machine carrying out the survey to collect the Survey Data, incorporating the Systems and, where applicable, the survey vehicle. 
Equivalent Measurement System; Equipment that is comparable with existing Accredited Equipment from the same Developer, to an extent that enables it to seek initial Accreditation via the Re-Accreditation process rather than full Accreditation.
Enhanced Longitudinal Profile Variance (eLPV); a parameter quantifying ride quality in terms of a specific wavelength range (e.g. 3m and 10m), obtained by applying an algorithm to Longitudinal Profile measurements.
GNSS; Global Navigation Satellite System e.g. GPS
HARRIS; Highways Assessment Road Research Information System – Equipment used for the purposes of reference measurements, Accreditation and Quality Assurance
Improvement Notice; a notice issued if the Auditor finds the Equipment is not meeting the requirements of the Accreditation or Quality Assurance processes.  The notice shall detail the timescale within which the improvement is required and any restrictions to the use of the equipment prior to satisfactory completion of the improvement.
Live Test Site; a test site which is open to live traffic.
Location Referencing; the techniques and conventions that are used to locate items on the road Network.
Location Referencing/Reference Point; A known physical or abstract point somewhere on a section having an accurate locational reference.
Longitudinal Profile; The variation of level along the length of a carriageway, excluding wavelengths less than 0.5m or greater than 100m.  Used to calculate enhanced Longitudinal Profile Variance.
MSP; Machine Survey Pre-processor. Software provided by the Network Authority for the processing of Surface Profile RCD into Base Condition Data for loading into P-AMS. The MSP will fit the Survey to the Route and calculate eLPV values.
Network; roads in a given area or of a given classification for which the Network Authority has responsibility.
Network Authority; the organisation ultimately responsible for maintenance of any given road network. Unless stated otherwise in this document the Network Authority is National Highways.
Newly Laid Surface(s); for the purposes of accreditation a Newly Laid Surface is defined as one that is on a site that has been open to traffic for <=5 days (inclusive).  Although the MCHW allows measurements to be undertaken between 3 and 28 of completion of the surfacing, the limited time range specified for accreditation tests ensures that the Equipment demonstrates its ability to carry out measurements over the full range of conditions allowed by the MCHW (as surveys closer to the date of laying are considered to present the most demanding measurement conditions). 
Owner; the organisation or individual to whom the Equipment belongs and to whom Accreditation Certificates are awarded. The Owner could also be the Contractor.
P-AMS; Pavement Asset Management System operated by the National Highways for the management and assessment of the network.
Parameter; specific data fields that form part of the Survey Data supplied by the Contractor to the Employer (and may be calculated by the Contractor or by MSP, for example eLPV).
Primary Check Site; a site established by the Contractor to check the medium term consistency of the Survey Data.
Quality Assurance (QA); a process to give the Employer confidence that the data and results being provided are reliably consistent and suitable for purpose.
Reference Data; data against which the Equipment shall be compared for the purposes of Accreditation or Quality Assurance.
Reference Device; device that is used to collect Reference Data. The Reference Device (e.g. HARRIS) is typically operated by the Auditor. 
Reference Profile: Reference Values for use in the Accreditation and Quality Assurance procedures.
Re-accreditation Assessment; an event where performance tests are carried out on Equipment which has previously met the mandatory requirements of an Accreditation Assessment.
Repeatability; assessment of the consistency of the Equipment/System with previous measurements obtained with the same Equipment/System.
Reproducibility; assessment of the consistency of the Equipment or System with the Reference Data.
Roughness Index; a parameter quantifying ride quality, obtained by applying an algorithm to 3m and 10m enhanced Longitudinal Profile Variance values.
Route File; An ASCII formatted file that contains the definition of a Survey Route (including the sections contained within the survey).
Routine maintenance; any maintenance or work done on the Equipment which may affect, or there is a risk that it may affect, the measurement performance (for example accuracy, reliability, consistency) of the Equipment.
Section: A length of the network defined in accordance with section referencing rules, each having fixed start and end positions and road alignment. 
Section Label; An alphanumeric label that, together with a date, uniquely identifies a Section.
Sub-section; A fragment of a Section having a pre-determined length. Typical sub-section lengths are 10m.
Surface Profile Raw Condition Data (RCD); The data file format for the delivery of the Survey Data;
Survey Data; data collected by the Contractor using the Equipment and supplied to the Employer as Surface Profile RCD,
Survey Lane; A Lane, within the limits of a Section along which part of a Survey is to take place.  A Survey Lane is identified by a Section Label, Lane Direction Indicator, Lane Name, start Chainage and end Chainage.
Survey Route; An ordered list of Survey Lanes, each with a Start Reference Label.  A Survey Route also shall have an End Reference Label.
System; individual measurement system installed on the Equipment e.g. distance measurement system, profile measurement system.
Trafficked Surfaces; surfaces on sites that have been open to traffic for a minimum of one month.
Valid; a measured data value or Derived Value that would not meet the requirements for accuracy (Repeatability or Reproducibility) 
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The Accreditation and Quality Assurance requirements for devices for the measurement of ride quality of Newly Laid Surfaces are defined within this document. 
The central principles of the Accreditation and Quality Assurance process are:
To undertake tests of the Equipment leading to the award of an Accreditation Certificate showing suitable performance levels prior to undertaking Accredited Surveys.
To undertake Re-accreditation at appropriate intervals.
To apply an on-going Quality Assurance programme for all Accredited Surveys.
To confirm that the Accreditation and Quality Assurance programme is implemented.
To define the role of the Auditor.
[bookmark: _Toc131525821]Summary 
The overall Accreditation and QA process is shown in 
Figure 1. 
Pre-approval of Equipment
Prior to undertaking an Accreditation/Re-accreditation Assessment, it may be necessary to undertake an assessment of the Equipment to check its suitability for undertaking Accredited surveys. The need for this shall be determined by the Auditor.
Accreditation/Re-accreditation testing
Any Equipment seeking to undertake Accredited Surveys shall take part in, and provide satisfactory performance in, an Accreditation/Re-accreditation Assessment. Following completion of the Assessment the Auditor shall issue an Accreditation Certificate. The Certificate shall detail the level of performance achieved by the Equipment during the assessment and specify the Accreditation Period.
If the Equipment has met the mandatory requirements, but has poor performance in non-mandatory aspects, then the Auditor may issue an Improvement Notice in addition to the Accreditation Certificate. If the required improvement is not demonstrated to the Auditor in the time specified in the Improvement Notice, then the Auditor may revoke the Accredited status of the Equipment.
Owners/Contractors wishing to continue to undertake Accredited Surveys shall attend a Re-accreditation Assessment prior to the end of the Accreditation period.
Accredited Surveys and QA
Owners/Contractors undertake Surveys according to the requirements of the Employer and deliver Survey Data as specified in the document.
Owners/Contractors and the Auditor apply a QA process to Surveys and Survey Data. If the QA or other process identifies an issue that may affect the Equipment or the Survey Data the Auditor may issue an Improvement Notice to the Contractor. If a suitable improvement is not demonstrated to the Auditor in the given time frame then the Accreditation status may be revoked.
[bookmark: _Toc131525822]Structure of this document
This document is split into the following sections:
The roles and responsibilities of the involved parties are given in Section B 
The specification for the Equipment and Survey Data is provided in Section C.
Accreditation Assessments are described in Section D.
Re-accreditation Assessments are described in Section E.
The Contractor’s Quality Assurance is described in Section F.
The Auditor’s Quality Assurance checks are described in Section G.
Details on Improvement Notices are given in Section H.

Accreditation / Re-accreditation testing
Accreditation certificate
Not meeting specification
Pre-approval of new Equipment
Met mandatory criteria?
Y
N
Improvement shown?
Y
N
Acceptable performance?
Y
N
Accredited surveys 
QA programme
Surveys of newly laid surfaces
Improvement action
Issue identified
Before accreditation period expires
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Figure 1:  Outline of the Accreditation and Quality Assurance process
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[bookmark: _Toc131525824][bookmark: _Toc440368871]The Network Authority
The Network Authority shall nominate Auditor(s).
The Network Authority shall ensure that the Auditor(s) hold the required skills to undertake these checks and understand the results (see Appendix A). 
The Network Authority may conduct some or all of the Auditor’s role internally.
[bookmark: _Toc131508501][bookmark: _Toc131508612][bookmark: _Toc131508723][bookmark: _Toc131518405][bookmark: _Toc131518539][bookmark: _Toc131525825]Employer
The Employer shall Require:
That the Contractor has achieved Accreditation for their Equipment. Employers should request the Contractor to provide a copy of an Accreditation Certificate (or Certificates) that is valid throughout the period over which surveys are to be carried out on the Employer’s Network.
The Contractor to undertake QA checks. These QA checks shall be as specified in this document unless replaced by alternative or additional checks defined by the Employer.
[bookmark: _Toc440368872][bookmark: _Toc131525826]Owner
Owners shall ensure that their Equipment is compliant with the requirements for Equipment and Survey Data given in Section C. 
Owners shall obtain Accreditation via an Accreditation/Re-accreditation Assessment prior to undertaking Accredited Surveys, according to Section D and Section E.
Owners shall renew the Accreditation status of their Equipment by the end of the Accreditation Period if they wish to continue to undertake Accredited Surveys.
The Owner should have their own ISO 9001 process and continue to undertake checks to support this. However, the Owner shall also ensure that they adhere to all QA requirements specified in this document or otherwise specified by the Employer.
Where Equipment is hired by the Owner to a Contractor, the Owner should ensure that the Contractor takes responsibility for conducting the required QA during the period of hire.
The Owner shall report promptly to the Auditor any Routine Maintenance or alterations carried out on the Equipment that could affect the measurement of Survey Data. 
[bookmark: _Toc440368873][bookmark: _Toc131525827]Contractor
A Contractor hiring/owing Equipment shall establish the Accreditation status of the Equipment and the QA requirements of the Employer. 
The Contractor shall ensure that the required QA is undertaken. 
The Contractor shall ensure that the Equipment shall only be operated by competent drivers and operatives (as appropriate).  The Contractor is responsible for the training and instruction of all drivers and operatives and for ensuring that they comply with the requirements for surveys. 
[bookmark: _Toc440368874][bookmark: _Ref450918118][bookmark: _Toc131525828]Auditor
The Auditor will carry out Accreditation and Re-accreditation Assessments and carry out QA checks. These roles may be carried out by the same or by separate bodies. In the main body of this document the role is simply referred to as “the Auditor”. Specific requirements for the bodies undertaking one or both of these roles are given in Appendix A.
If the Auditor identifies an issue with the Equipment, QA or survey process which could affect the quality of the Survey Data the Auditor may issue an Improvement Notice. Copies of these improvement notices may also be supplied to the Employer.
[bookmark: _Ref441065016][bookmark: _Toc131525829]Equipment and Survey Data
[bookmark: _Toc131525830]The Equipment
The Equipment comprises 
A distance measurement System and a spatial referencing System (usually based on a GNSS method or equivalent) for the measurement of location and speed.
A contactless measurement System for the measurement of Longitudinal Profile.
Processing tools/software for the delivery of the Survey Data in the required formats.
[bookmark: _Toc131525831]Survey Data
Location and Speed
Location and speed data shall be reported at points separated by 10m of longitudinal distance travelled as:
The OSGB36 National Grid Co-ordinates of the position of the measurements (at the end of each 10m length).
The average operating speed of the measurement system over the 10m length. 
The measurement of location (distance and National Grid Co-ordinates) should be unaffected by the operating speed (within the accredited operating range of the Measurement System, see below) or by the road geometry and shall be consistent and stable throughout any period of data collection, being unaffected by changes in the measurement system (for example resulting from “warming up” of tyres)
All National Grid Co-ordinates shall be reported at the location at which the Longitudinal Profile measurements were collected. Hence any offset or difference in position between the location of the Longitudinal Profile sensors and the location measurement sensors (e.g. location of the GNSS receiver) will be removed before delivery of the location data. Where the Measurement System includes multiple Longitudinal Profile sensors mounted transversally the location data shall be reported at the central position of the Longitudinal Profile sensors.
Equipment that travels at greater than walking speed shall be fitted with a System to automatically identify location reference points physically marking the changes of sections (e.g. using automatic detection of retro reflective markers); these allow for more accurate calibration of the distance measurement System of the Equipment and will be a requirement for accreditation testing. 
[bookmark: _Toc131508509][bookmark: _Toc131508620][bookmark: _Toc131508731]Longitudinal profile
The Equipment shall measure Longitudinal Profile in at least four longitudinal measurement lines (parallel with the edge of the road). Two of these measurements should fall within the locations of the wheelpaths for the lane being surveyed. 
The preferred wheelpath measurement area lies between 0.9m and 1.05m from the centreline of the vehicle.
The longitudinal separation of measured points shall not exceed 20mm.
The measurement of Longitudinal Profile shall be such that the frequency response is essentially flat in the bandwidth 0.5m to 100m (i.e. the ratio of measured Longitudinal Profile amplitude to True Longitudinal Profile amplitude shall be 1.0 ±0.1 for profile components with wavelengths between 0.5m and 100m).
A filter should be applied to the measured Longitudinal Profile to attenuate wavelengths in excess of 100m.  The filter shall be such that the amplitude of wavelengths greater than 150m is attenuated by at least 50%.  The filter shall not distort the phase of any profile features with wavelengths shorter than 100m.
The Longitudinal Profile is processed to calculate the parameters 3m and 10m eLPV, which are subsequently combined to calculate the Roughness Index parameter (RI, see Appendix C). The performance in the Accreditation tests is therefore assessed in terms of the measurement of raw Longitudinal Profile, 3m eLPV and 10m eLPV.
Note that when measuring Longitudinal Profile a run-in/run-out is required so that the eLPVs can be calculated for the entire Survey length of interest,, which must include any transition to/from the existing surface to the newly laid surface (where present).  . This run in is necessary to fully satisfy the requirements of the filters applied in the calculation of eLPV (see Appendix C).  It is recommended that 100m of Longitudinal Profile measurements are provided for this run-in/run-out. 
[bookmark: _Toc131508733][bookmark: _Toc131518413][bookmark: _Toc131518547][bookmark: _Toc131525832]Data Format
The Survey Data will be provided as a single data file for each survey, in the current version of the Surface Profile Raw Condition Data (RCD) format.
Surface Profile RCD files should span a length that encompasses the whole of the site under test. This should include, unless impractical, a length of “run in” and “run out” of at least 100m.
Surface Profile RCD Files should be named such that they can be referred to the site, contractor and survey date e.g. “M4_Acme_20190604.rcd”
A specification for the current format of the Surface Profile RCD file can be obtained from the Network Authority. 
Any value (e.g. Longitudinal Profile point) that is not considered Valid by the Contractor (e.g. because of adverse surface condition) should be reported as invalid using the mechanism provided by the Surface Profile RCD file format.  The presence of invalid Longitudinal Profile points may lead to some eLPV values being classified as invalid.
[bookmark: _Toc131525833]Survey routes, fitting and data delivery
A Survey Route file should be provided alongside each Surface Profile Raw Condition Data (RCD), file to facilitate fitting of the survey to the network. 
A specification for the current Survey Route File format can be obtained from by the Network Authority.
As required by the Employer, the Contractor will either:
Create the Surface Profile Raw Condition Data (RCD) file and Survey Route file. Use the MSP software to process the Surface Profile Raw Condition Data (RCD) and Survey Route file to obtain the fitted Base Condition Data (BCD) file, which will be delivered to the Employer, 
or
In addition to the above, load the BCD file into the Employer’s database.
[bookmark: _Toc131508515][bookmark: _Toc131508626][bookmark: _Toc131508737]The MSP software can be obtained from the Network Authority. 
Note that the above (delivery of Surface Profile Raw Condition Data (RCD) files, delivery of Survey Route files, Use of MSP and loading into the database) will each be tested during Accreditation, such that Contractors will need to demonstrate their capability in each component to achieve Accreditation for that component (and this will be stated on the Accreditation certificate). 
[bookmark: _Toc131518417][bookmark: _Toc131518551][bookmark: _Toc131508516][bookmark: _Toc131508627][bookmark: _Toc131508738][bookmark: _Toc131518418][bookmark: _Toc131518552][bookmark: _Toc131508517][bookmark: _Toc131508628][bookmark: _Toc131508739][bookmark: _Toc131518419][bookmark: _Toc131518553][bookmark: _Toc131508518][bookmark: _Toc131508629][bookmark: _Toc131508740][bookmark: _Toc131518420][bookmark: _Toc131518554][bookmark: _Toc131508519][bookmark: _Toc131508630][bookmark: _Toc131508741][bookmark: _Toc131518421][bookmark: _Toc131518555][bookmark: _Toc131518422][bookmark: _Toc131518556][bookmark: _Toc131518423][bookmark: _Toc131518557][bookmark: _Ref276985314][bookmark: _Toc277073691][bookmark: _Toc277073722][bookmark: _Toc277074083][bookmark: _Ref277150963][bookmark: _Ref277151719][bookmark: _Ref279760137][bookmark: _Ref350263346][bookmark: _Ref350263351][bookmark: _Ref350428401][bookmark: _Toc379296406][bookmark: _Ref433641322][bookmark: _Ref433729568][bookmark: _Toc433891247][bookmark: _Toc433891331][bookmark: _Toc433891404][bookmark: _Toc433891518][bookmark: _Toc433891684][bookmark: _Toc433895476][bookmark: _Ref441065025][bookmark: _Ref441065215][bookmark: _Toc131525834]Accreditation
[bookmark: _Toc379296407][bookmark: _Toc433891248][bookmark: _Toc433891332][bookmark: _Toc433891405][bookmark: _Toc433891519][bookmark: _Toc433891685][bookmark: _Toc433895477][bookmark: _Toc131525835][bookmark: Accred]Introduction
[bookmark: _Ref350429002]Any Equipment shall require Accreditation if Equipment of this specific design has not previously been Accredited to this specification and it is not identified as an Equivalent Measurement System. 
The Accreditation process checks 
That the Equipment delivers Survey Data which meets the performance, requirements.
That the Equipment is capable of measuring and reporting this Survey Data consistently under both controlled and network conditions on trafficked and newly surfaced pavements. 
That the Contractor’s approach to operating the Equipment produces consistent and reliable Survey Data. 
That the Contractor is able to fit the Survey Data to the network and provide the Survey Data in the correct formats.
Pre-approval and preparation
Pre-approval is required prior to Accreditation.  The Contractor shall provide details of their Equipment to the Auditor so that the Auditor can confirm it is eligible for assessment based on the specification given in Section C. This information shall include:
The make and model of all sensors used (profile laser, location, distance, data acquisition), how many profile sensors are present (i.e. how many measurement positions, and their location). If required, the Auditor will adapt the tests to be appropriate for the measurement system presented.
The operational procedures that the Contractor will implement when using the Equipment. For example, operational speeds, system installation, warm-up procedures, calibration, training of staff, procedures to process data etc.
Any limitations on the road surface types for which the Equipment is to be Accredited (the Equipment should meet the criteria on all surface types for which it is to be Accredited). 
Note: If seeking accreditation as an Equivalent Measurement System this description will support any decision by the Auditor on whether the Equipment is suitable for consideration as an Equivalent Measurement System.
[bookmark: _Ref102649664]The Contractor should provide any other information that may be required for the auditor to prepare the tests. This may include any requirements for the test conditions. For example, contactless profile measurements made on damp/wet surfaces can be subject to undesirable deviations from the required accuracy. Therefore, it is assumed that Accreditation shall be tested, and awarded, for dry pavements only. Contractors requiring Accreditation on damp pavements should request the Auditor to include such tests. If assessment of surveying of wet/damp conditions is undertaken for Accreditation, then Re-accreditation assessments may also incorporate reassessment of this capability. 
Equivalent Measurement systems
Equipment shall be considered as an Equivalent Measurement System if there is another Accredited Equipment which (meets all of):
Is made by the same Manufacturer
Is made to the same design
Equipment shall only be considered as an Equivalent Measurement System if both the Network Authority and the Auditor agree that it should be. 
Equipment considered to be an Equivalent Measurement System will be tested according to Re-accreditation Assessment requirements described in Section E .
Following any updates to this specification, at least one Equipment from the set of Equivalent Measurement Systems may need to undertake an Accreditation Assessment.  
Stages of Accreditation
Accreditation will be carried out in two stages. The first stage will assess the capability in the measurement of Longitudinal Profile on Trafficked Surfaces. If this is deemed acceptable the Equipment will be tested on Newly Laid Surfaces. Both stages shall be passed to achieve Accreditation for the assessment of Newly Laid Surfaces.
For all stages of the Accreditation tests there is a requirement for the Contractor to undertake repeat surveys with the Equipment over different test sites. For every survey run delivered to the Auditor the Contractor should provide:
The Surface Profile RCD
The Route File
The BCD file provided by MSP 
For the closed test sites the Auditor will provide network information to enable the Contractor to produce route files. For sites located on the network of the Network Authority there may be a requirement for the Contractor to access the network definition of the Network Authority. This will be established during the pre-approval and preparation phase.
Completion of Accreditation
Following completion of an Accreditation Assessment the Auditor shall issue an Accreditation Certificate, which shall show:
The performance achieved by the Equipment.
The Accreditation Period. 
The range of conditions for which the Equipment is Accredited (e.g. if it can test in wet/damp conditions). 
The version of this specification the Equipment was assessed against. Accreditation or Re-Accreditation may be required in the event of this specification being updated. In these situations, an Improvement Notice shall be issued (see Section H).
In addition to testing the Equipment, the Auditor may assess and provide feedback on the competence of drivers and operatives as part of the Accreditation. 
If the Equipment has met the mandatory criteria of the Accreditation Assessment, but the Auditor notes that the performance of the Equipment or the Contractor is not suitable in other aspects, then the Auditor may issue an Improvement Notice as detailed in Section H.
[bookmark: _Toc131508525][bookmark: _Toc131508636][bookmark: _Toc131508747][bookmark: _Toc131518428][bookmark: _Toc131518562][bookmark: _Toc131525836]Accreditation Stage 1 – Trafficked Surfaces
[bookmark: _Ref98865418]Stage 1 testing will confirm the performance of the Equipment on trafficked surfaces. One or more Closed and/or Live test sites shall be selected by the Auditor. Details of the sites and Reference Data are given in Appendix B.

[bookmark: _Ref131690502]Mandatory Requirements – Location Referencing
[bookmark: _Ref103002673]Note that that there are three methods for recording the location of selected physical positions (Location Reference Points) in the survey data, which may be required for the assessment of location referencing:
“Push button” entry relies on the survey operator pushing a button to enter the location of each Location Reference Point manually.
“Automatic marker” uses a system which automatically detects markers placed at each Location Reference Point. These will take the form of retroreflective posts placed at the roadside.
“OSGR fitted markers” utilises the coordinate data to identify the elapsed chainage of each Location Reference Point within the survey data.
Automatic markers shall be used for the assessment of location referencing on some test sites.  OSGR fitted markers shall be used for the assessment of location referencing on sites where no retroreflective markers are in place. 
Distance
The Accreditation of distance measurement shall be carried out using at least 6 test sections, surveyed over a range of speeds (as appropriate to the Equipment design and agreed with the Auditor prior to the tests).
The accreditation criteria are given in Table 1.

[bookmark: _Ref98861203]Table 1 – Criteria for measurement of distance travelled
	Parameter
	Acceptability Limit

	Distance measured between LRPa - automatic markers
	≥95% within 1m or 0.1% of the length (whichever greater)

	Distance measured between LRPa – OSGR or push button fitted
	≥95% within 3m or 0.2% of the length (whichever greater)


Notes:
a. These will be obtained using the Surface Profile RCD or BCD (as appropriate) and compared with the Reference 

OSGR Coordinates
The Accreditation of OSGR Coordinates shall be carried out using at least 6 test sections, surveyed over a range of speeds (as appropriate to the Equipment design and agreed with the Auditor prior to the tests). The criteria are given in Table 2.
[bookmark: _Ref131690064]Table 2 – Criteria for measurement of OSGR coordinates
	Parameter
	Average within
	90% within
	95% within
	All within

	OSGR - site with automatic markers
	1.5m
	2m
	4m
	10m

	OSGR – other sites
	n/a
	n/a
	4m
	10m


[bookmark: _Toc131518430][bookmark: _Toc131518564][bookmark: _Toc131518431][bookmark: _Toc131518565][bookmark: _Toc131518450][bookmark: _Toc131518584][bookmark: _Toc131525837]
[bookmark: _Ref131690552]Mandatory requirements – Longitudinal Profile
Longitudinal Profile of artificial profiles
A set of artificial profiles will be laid on a Closed Site. A range of measurement speeds shall be identified (as appropriate to the Equipment design and agreed with the Auditor prior to the tests) and at least 3 surveys shall be carried out at each speed. Depending on the size of the plates and the positions of the measurement lines, this may require repeat runs. 
The accuracy of the Longitudinal Profile shall be assessed for each measurement position independently, according to Table 3.
[bookmark: _Ref88663909]Table 3 – Criteria for artificial profiles assessment
	Parameter
	Acceptability Limit

	Measured heights of steps in the artificial profile
	≥95% within ±2.0mm 



Longitudinal profile of pavement surface – closed site
A test site of at least 300m length shall be defined on a Closed Site. A range of measurement speeds shall be identified (as appropriate to the Equipment design and agreed with the Auditor prior to the tests) and at least 3 surveys shall be carried out at each speed.
At least 95% of the differences in corresponding amplitude between the measured Longitudinal Profile and the Longitudinal Profile measured by a Reference Device shall fall within the ranges given in Table 4 for the wavebands 3m and 10m (calculated from datums derived using a bandpass finite impulse response filter (see Appendix D) using the wavebands [0.3333/m, 2/m] and [0.1/m, 2/m].
Each measurement line will be assessed independently.





	
Waveband (m)
	Differences

	
	Acceptable Range (mm)
[95% of differences within this range]

	3
	±2.00

	10
	±4.00


[bookmark: _Ref447898358][bookmark: _Ref45536577]Table 4: Accuracy requirements between the measured and Reference Enhanced Longitudinal Profile amplitude
eLPV of pavement surface – closed site
The Auditor will calculate (using MSP or equivalent) the 3m and 10m eLPV values from the measured and the reference Longitudinal Profile recorded in the above tests over each 10m length 
Each measurement line will be assessed independently.
The Bias between the eLPVs calculated from the measured Longitudinal Profile and those calculated from the Reference Device at the same position shall fall within the ranges given in Table 5.
The Reproducibility of the measured the eLPVs (assessed using the differences between measured eLPVs and reference eLPVs) shall fall within the ranges given in Table 5. 
[bookmark: _Toc297915032]The Repeatability of the measured the eLPVs (assessed using the differences between eLPVs measured in repeat Survey runs) shall fall within the ranges given in Table 5. 
For Reproducibility and Repeatability, the differences between the measured and Reference eLPVs shall be calculated as either differences or the Fractional Differences. This shall be determined by the value of the reference eLPV, as defined in Table 6. 

	Waveband (m)
	Bias
	Difference/Fractional Difference

	
	
	Reproducibility
	Repeatability

	
	
	95% within this range
	95% within this range

	3
	0.10mm2
	±0.30
	±0.20

	10
	0.55mm2
	±0.70
	±0.55


[bookmark: _Ref444405085][bookmark: _Ref45536678]Table 5: Accuracy requirements for differences and fractional differences between the measured and Reference eLPV
	Waveband (m)
	eLPV (mm2)
	Calculation method

	3
	0 to 0.5
	Difference

	3
	> 0.5
	Fractional Difference

	10
	0 to 1.0
	Difference

	10
	> 1.0
	Fractional Difference


[bookmark: _Ref447898609][bookmark: _Ref45536997]Table 6: Application of error type according to the value of the Reference eLPV
[bookmark: _Toc297915034]
[bookmark: _Ref131693746]For the assessment of eLPV the validity flags (provided in the Surface Profile RCD) will be used to determine whether a valid value of eLPV has been obtained. Valid 3m and 10m eLPV values shall obtained over at least 80% of each 300m subsection length (subsection lengths at the end of each section/site that are less than 300m long will assessed with the previous 300m subsection length). In the event this is not achieved for a subsection, the data from a separate survey run shall be assessed. Where there is strong/ongoing evidence of the Equipment being unable to provide valid datasets on sites (where valid datasets can be obtained by the Reference device), the Equipment may be deemed unable to undertake the assessment and to have failed the criteria.
The tests shall determine the minimum speed, and the limits of acceleration and deceleration within which the Equipment is considered able to provide accurate measurements of eLPV.  This shall be achieved by repeating the tests at a range of speeds, and also whilst the Equipment is accelerating and/or decelerating over the test site. 
If it cannot be shown that the eLPV measurements are unaffected by survey speed over a range of speeds then a single speed shall be used for the Assessment (and become an operational requirement for that Equipment).
The reduction in repeatability when under conditions of slow/high speed or high/low acceleration/ deceleration will be used to specify speed and acceleration/ deceleration. Such limits must be applied within the MSP in all processing of the Surface Profile RCD provided by the Equipment.

[bookmark: _Ref131493246]eLPV of pavement surface – Live site(s) 
The Auditor will select a number of test lengths located on live sites on the network. At least three survey runs will be carried out on each site using the Equipment at a range of speeds (as appropriate to the traffic conditions, Equipment design and agreed with the Auditor prior to the tests).
The 3m and 10m eLPV reported over 10m reporting lengths at each survey speed shall meet the requirements of Table 7. 
Each measurement line will be assessed independently. 
For both Reproducibility and Repeatability the differences shall be calculated as either the differences or the Fractional Differences between the measured and Reference eLPVs. This shall be determined by the value of the reference eLPV, as defined in Table 6. The Bias is the absolute mean of the differences.
[bookmark: _Hlk131693807]The validity criteria of D2.3.10 will be applied when testing the performance on Live Sites.
[bookmark: _Ref99539851]Table 7 – Criteria for eLPV on Live sites (network)
	
	Reproducibility
	Repeatability

	
	95% of differences within
	Bias
	95% of differences within
	Bias

	3m eLPV (in each measurement line) 
	±0.65
	0.10mm2
	±0.50
	0.10mm2

	10m eLPV (in each measurement line) 
	±0.95
	0.55mm2
	±0.60
	0.55mm2


[bookmark: _Toc131508529][bookmark: _Toc131508640][bookmark: _Toc131508751][bookmark: _Toc131518452][bookmark: _Toc131518586][bookmark: _Toc131508530][bookmark: _Toc131508641][bookmark: _Toc131508752][bookmark: _Toc131518453][bookmark: _Toc131518587][bookmark: _Toc131508531][bookmark: _Toc131508642][bookmark: _Toc131508753][bookmark: _Toc131518454][bookmark: _Toc131518588][bookmark: _Toc131508532][bookmark: _Toc131508643][bookmark: _Toc131508754][bookmark: _Toc131518455][bookmark: _Toc131518589][bookmark: _Toc131508533][bookmark: _Toc131508644][bookmark: _Toc131508755][bookmark: _Toc131518456][bookmark: _Toc131518590][bookmark: _Toc131525838]
Accreditation Stage 2 – Newly Laid Surfaces
If the requirements of trafficked surfaces tests are met the Equipment will be deemed capable of providing measurements of ride quality on trafficked surfaces. The Equipment can then proceed to Stage 2, which will assess the performance in the measurement of ride quality on Newly Laid Surfaces
The Auditor shall identify suitable site(s) for the assessment, communicate the location and range of valid survey dates to the contractor and arrange for surveys with a Reference Device. Details of the Newly Laid Surface test sites and Reference Data are given in Appendix B.
A minimum of three runs of each of the Newly Laid Surface sites shall be carried out using the Equipment within the time frame given. 
Mandatory Requirements – Location referencing
The location referencing requirements on the Newly Laid Surface test sites are the same as those defined in D2.2 above. The method of recording location reference points shall be OSGR fitting.
Mandatory Requirements – Longitudinal Profile
The requirements for the measurement of Longitudinal Profile on Newly Laid Surface test sites are the same as those defined in D2.3 above (measurement on Live Sites). The validity criteria of D2.3.10 will also be applied when testing the performance on Newly Laid Surfaces. 
[bookmark: _Ref350428460][bookmark: _Toc379296409][bookmark: _Toc433891251][bookmark: _Toc433891335][bookmark: _Toc433891408][bookmark: _Toc433891522][bookmark: _Toc433891688][bookmark: _Toc433895480][bookmark: _Toc131525839]Re-accreditation
[bookmark: _Toc131525840]Re-accreditation Tests
Once the Equipment has been accredited it shall require Re-accreditation on expiry of the Accreditation Period. This can be obtained by successfully completing a Re-accreditation Assessment.
Re-accreditation will be undertaken using a sub-set of the tests applied for Accreditation, with the same performance criteria. 
Equipment will be assessed on at least one Closed Test Site, and Equipment that will operate at traffic speed will also be assessed on at least one Live Site. 
Re-accreditation of Equipment (including Equipment that has met the requirements for Newly Laid Surfaces) will normally only include tests on trafficked sites. The Auditor may require tests to be carried out on Newly Laid Surfaces where there is evidence to support this (e.g., if there have been Improvement Action Notices, or if there have been significant changes to the Equipment or the specification). 
If the Accreditation assessment identified that the Equipment can measure in wet/damp conditions then the Re-accreditation may include tests to confirm this continues to be the case.
Following completion of a Re-accreditation Assessment the Auditor shall issue Accreditation Certificates showing the performance achieved by the Equipment and the Accreditation Period.
If the Equipment has met the mandatory criteria of the Re-accreditation Trial, but the performance of the Equipment is not suitable in other aspects then the Auditor shall also issue an Improvement Notice as detailed in Section H.

[bookmark: _Toc280099570][bookmark: _Toc280099691][bookmark: _Toc280099754][bookmark: _Toc279759409][bookmark: _Toc279762606][bookmark: _Toc280010077][bookmark: _Toc280014080][bookmark: _Toc280019672][bookmark: _Toc280099572][bookmark: _Toc280099693][bookmark: _Toc280099756][bookmark: _Toc279759410][bookmark: _Toc279762607][bookmark: _Toc280010078][bookmark: _Toc280014081][bookmark: _Toc280019673][bookmark: _Toc280099573][bookmark: _Toc280099694][bookmark: _Toc280099757][bookmark: _Toc279759411][bookmark: _Toc279762608][bookmark: _Toc280010079][bookmark: _Toc280014082][bookmark: _Toc280019674][bookmark: _Toc280099574][bookmark: _Toc280099695][bookmark: _Toc280099758][bookmark: _Toc279759412][bookmark: _Toc279762609][bookmark: _Toc280010080][bookmark: _Toc280014083][bookmark: _Toc280019675][bookmark: _Toc280099575][bookmark: _Toc280099696][bookmark: _Toc280099759][bookmark: _Toc279759413][bookmark: _Toc279762610][bookmark: _Toc280010081][bookmark: _Toc280014084][bookmark: _Toc280019676][bookmark: _Toc280099576][bookmark: _Toc280099697][bookmark: _Toc280099760][bookmark: _Toc279759414][bookmark: _Toc279762611][bookmark: _Toc280010082][bookmark: _Toc280014085][bookmark: _Toc280019677][bookmark: _Toc280099577][bookmark: _Toc280099698][bookmark: _Toc280099761][bookmark: _Toc279759415][bookmark: _Toc279762612][bookmark: _Toc280010083][bookmark: _Toc280014086][bookmark: _Toc280019678][bookmark: _Toc280099578][bookmark: _Toc280099699][bookmark: _Toc280099762][bookmark: _Toc279759416][bookmark: _Toc279762613][bookmark: _Toc280010084][bookmark: _Toc280014087][bookmark: _Toc280019679][bookmark: _Toc280099579][bookmark: _Toc280099700][bookmark: _Toc280099763][bookmark: _Toc279759417][bookmark: _Toc279762614][bookmark: _Toc280010085][bookmark: _Toc280014088][bookmark: _Toc280019680][bookmark: _Toc280099580][bookmark: _Toc280099701][bookmark: _Toc280099764][bookmark: _Toc279759418][bookmark: _Toc279762615][bookmark: _Toc280010086][bookmark: _Toc280014089][bookmark: _Toc280019681][bookmark: _Toc280099581][bookmark: _Toc280099702][bookmark: _Toc280099765][bookmark: _Toc279759419][bookmark: _Toc279762616][bookmark: _Toc280010087][bookmark: _Toc280014090][bookmark: _Toc280019682][bookmark: _Toc280099582][bookmark: _Toc280099703][bookmark: _Toc280099766][bookmark: _Toc279759420][bookmark: _Toc279762617][bookmark: _Toc280010088][bookmark: _Toc280014091][bookmark: _Toc280019683][bookmark: _Toc280099583][bookmark: _Toc280099704][bookmark: _Toc280099767][bookmark: _Toc279759421][bookmark: _Toc279762618][bookmark: _Toc280010089][bookmark: _Toc280014092][bookmark: _Toc280019684][bookmark: _Toc280099584][bookmark: _Toc280099705][bookmark: _Toc280099768][bookmark: _Toc279759422][bookmark: _Toc279762619][bookmark: _Toc280010090][bookmark: _Toc280014093][bookmark: _Toc280019685][bookmark: _Toc280099585][bookmark: _Toc280099706][bookmark: _Toc280099769][bookmark: _Toc279759423][bookmark: _Toc279762620][bookmark: _Toc280010091][bookmark: _Toc280014094][bookmark: _Toc280019686][bookmark: _Toc280099586][bookmark: _Toc280099707][bookmark: _Toc280099770][bookmark: _Toc279759424][bookmark: _Toc279762621][bookmark: _Toc280010092][bookmark: _Toc280014095][bookmark: _Toc280019687][bookmark: _Toc280099587][bookmark: _Toc280099708][bookmark: _Toc280099771][bookmark: _Toc279759425][bookmark: _Toc279762622][bookmark: _Toc280010093][bookmark: _Toc280014096][bookmark: _Toc280019688][bookmark: _Toc280099588][bookmark: _Toc280099709][bookmark: _Toc280099772][bookmark: _Toc279759426][bookmark: _Toc279762623][bookmark: _Toc280010094][bookmark: _Toc280014097][bookmark: _Toc280019689][bookmark: _Toc280099589][bookmark: _Toc280099710][bookmark: _Toc280099773][bookmark: _Toc279759427][bookmark: _Toc279762624][bookmark: _Toc280010095][bookmark: _Toc280014098][bookmark: _Toc280019690][bookmark: _Toc280099590][bookmark: _Toc280099711][bookmark: _Toc280099774][bookmark: _Toc279759428][bookmark: _Toc279762625][bookmark: _Toc280010096][bookmark: _Toc280014099][bookmark: _Toc280019691][bookmark: _Toc280099591][bookmark: _Toc280099712][bookmark: _Toc280099775][bookmark: _Toc279759429][bookmark: _Toc279762626][bookmark: _Toc280010097][bookmark: _Toc280014100][bookmark: _Toc280019692][bookmark: _Toc280099592][bookmark: _Toc280099713][bookmark: _Toc280099776][bookmark: _Toc279759430][bookmark: _Toc279762627][bookmark: _Toc280010098][bookmark: _Toc280014101][bookmark: _Toc280019693][bookmark: _Toc280099593][bookmark: _Toc280099714][bookmark: _Toc280099777][bookmark: _Toc279759431][bookmark: _Toc279762628][bookmark: _Toc280010099][bookmark: _Toc280014102][bookmark: _Toc280019694][bookmark: _Toc280099594][bookmark: _Toc280099715][bookmark: _Toc280099778][bookmark: _Toc279759432][bookmark: _Toc279762629][bookmark: _Toc280010100][bookmark: _Toc280014103][bookmark: _Toc280019695][bookmark: _Toc280099595][bookmark: _Toc280099716][bookmark: _Toc280099779][bookmark: _Toc277073697][bookmark: _Toc277073728][bookmark: _Toc277074089][bookmark: _Ref277082636][bookmark: _Toc379296416][bookmark: _Ref433641354][bookmark: _Toc433891258][bookmark: _Toc433891342][bookmark: _Toc433891415][bookmark: _Toc433891529][bookmark: _Toc433891695][bookmark: _Toc433895487][bookmark: _Ref441065044][bookmark: _Ref455493974][bookmark: _Toc131525841][bookmark: QA]Contractor’s Quality Assurance
[bookmark: _Toc131525842]Introduction
An on-going Quality Assurance regime shall be applied to ensure that the data provided by the Equipment remains valid throughout the Accreditation Period. In addition to the specific processes described below, the Contractor’s documented Quality Assurance regime shall cover all aspects of the surveys including, but not limited to:
Equipment operation and maintenance, including inspection of the Equipment to check for defects and that the Equipment and all of its Systems are operating correctly
Calibration and servicing of the Equipment.
Driver and operator training and instruction – the Equipment shall only be driven and operated by competent personnel
Survey operation and record keeping
Data recording, processing, and analysis
Fitting and delivery of Survey Data
Undertaking Primary Checks, as described in F.2.
[bookmark: _Toc131508539][bookmark: _Toc131508650][bookmark: _Toc131508761][bookmark: _Toc131518462][bookmark: _Toc131518596][bookmark: _Toc131508540][bookmark: _Toc131508651][bookmark: _Toc131508762][bookmark: _Toc131518463][bookmark: _Toc131518597][bookmark: _Toc131508541][bookmark: _Toc131508652][bookmark: _Toc131508763][bookmark: _Toc131518464][bookmark: _Toc131518598][bookmark: _Toc131508542][bookmark: _Toc131508653][bookmark: _Toc131508764][bookmark: _Toc131518465][bookmark: _Toc131518599][bookmark: _Toc131508543][bookmark: _Toc131508654][bookmark: _Toc131508765][bookmark: _Toc131518466][bookmark: _Toc131518600][bookmark: _Toc131508544][bookmark: _Toc131508655][bookmark: _Toc131508766][bookmark: _Toc131518467][bookmark: _Toc131518601][bookmark: _Toc131508545][bookmark: _Toc131508656][bookmark: _Toc131508767][bookmark: _Toc131518468][bookmark: _Toc131518602][bookmark: _Toc131508546][bookmark: _Toc131508657][bookmark: _Toc131508768][bookmark: _Toc131518469][bookmark: _Toc131518603][bookmark: _Toc131508547][bookmark: _Toc131508658][bookmark: _Toc131508769][bookmark: _Toc131518470][bookmark: _Toc131518604][bookmark: _Toc131508548][bookmark: _Toc131508659][bookmark: _Toc131508770][bookmark: _Toc131518471][bookmark: _Toc131518605][bookmark: _Toc131508549][bookmark: _Toc131508660][bookmark: _Toc131508771][bookmark: _Toc131518472][bookmark: _Toc131518606][bookmark: _Toc131508550][bookmark: _Toc131508661][bookmark: _Toc131508772][bookmark: _Toc131518473][bookmark: _Toc131518607][bookmark: _Toc131508551][bookmark: _Toc131508662][bookmark: _Toc131508773][bookmark: _Toc131518474][bookmark: _Toc131518608][bookmark: _Toc131508552][bookmark: _Toc131508663][bookmark: _Toc131508774][bookmark: _Toc131518475][bookmark: _Toc131518609][bookmark: _Toc131508553][bookmark: _Toc131508664][bookmark: _Toc131508775][bookmark: _Toc131518476][bookmark: _Toc131518610][bookmark: _Toc131508554][bookmark: _Toc131508665][bookmark: _Toc131508776][bookmark: _Toc131518477][bookmark: _Toc131518611][bookmark: _Toc440368893][bookmark: _Ref131498629][bookmark: _Toc131525843][bookmark: _Toc433891260][bookmark: _Toc433891344][bookmark: _Toc433891417][bookmark: _Toc433891531][bookmark: _Toc433891697][bookmark: _Toc433895489]Contractor’s Primary Check
General
The Contractor’s Primary Check provides long term monitoring of the Equipment and checks the performance of the Equipment since the last Accreditation/Re-accreditation Assessment. The Check can also incorporate calibration of the location referencing (distance) System, when required.
Contractor’s Primary Checks shall be carried out at least every 28 days for any period in which the Equipment is in use.
Check Site
The Contractor shall establish at least one test site as a Contractor’s Primary Check site. The site provides a reference site for monitoring the performance of the Equipment since the last successful Accreditation or Re-accreditation of the Equipment.
Typically, the site would be close to the Contractor’s base where measurements can be taken safely and without unreasonable disruption to other users of the site. The site shall contain:
A length of at least 400m of straight and level pavement for the assessment and calibration of distance measurements. 
Ideally, a range of ride quality (i.e. to provide a range of eLPVs)
To accommodate testing carried out across the network (which may make it impractical to return to the Contractor’s base to carry out a Contractor’s Primary Check), it may be necessary to have more than one Contractor’s Primary Check site. Furthermore, if the condition of a Check site is affected by maintenance or other external factors the Contractor may need to re-establish the Reference Data, or establish another site. Having a second Contractor’s Primary Check site would reduce the risks presented as a result of changes to a single site.
The site(s) chosen by the Contractor should be reported to the Auditor. The sites may be subject to monitoring by the Auditor.
Check Site Reference Data
Reference data should be obtained by carrying out a survey on the site within 14 days of successfully carrying out an Accreditation/Re-accreditation Assessment, or successfully carrying out a Contractor’s Primary Check on an existing site. More than one survey should be undertaken when collecting the Reference Data as a measure of consistency and repeatability. 
The Survey Data should be processed (using MSP or equivalent) to provide Location Reference (OSGR co-ordinates) and 3m and 10m eLPV values for each 10m length of the site.  
[bookmark: _Ref450917294]On at least one Primary Check Site locational reference (Distance) data should be obtained by measuring and marking a selected length of the site to an accuracy of ±0.5m, using steel tape or other reliable device (to support calibration of the distance measurement system). The marking deployed should be such that the locations of the start and end points of the length can be identified when carrying out a survey of the site. The Contractor should consult the highway authority responsible for the test site location and obtain its agreement before making any marking on or modification of the site.  
Test process – Distance measurement
A check of the distance measurement System shall be carried out by measuring the site length with the Equipment and comparing the results to the Reference Data. The distance measurement System shall meet the requirements given in Table 8. If the measurements are not within these requirements then the Equipment shall be re-calibrated and the Check repeated.
Test process – Longitudinal Profile and OSGR 
The Contractor shall compare the Survey Data with the Reference Data. The performance shall meet the requirements stated in Table 8.
[bookmark: _Ref88754471][bookmark: _Ref88823354]Table 8 – Performance requirements for the Primary Check
	Parameter
	Measure
	Reporting Interval
	Tolerance
	Bias

	Distance
	Distance measured between location reference points
	Distance measured between location reference points
	±3 m or ±0.1%a
±1 m or ±0.1%b
	n/a

	Coordinates 
	Horizontal offset at location reference point
	At each location reference point
	95% within 3m
	n/a

	Coordinates 
	Horizontal offset for each reported coordinate
	10m
	95% within 3m
	n/a

	Longitudinal Profile: 
3m eLPV 
	Fractional Error in each measurement line
	10m
	95% within ± 0.60
	0.1mm2

	Longitudinal Profile:
10m eLPV 
	Fractional Error in each measurement line
	10m
	95% within ± 0.70
	0.8mm2


Notes: a) If using OSGR fitting; b) if using reflective markers
Failure of a Test
If the required performance is not achieved then the survey of the site shall be repeated.  If after three repeat runs, the differences still exist then the Contractor shall undertake an investigation to identify the source of error.
No further Surveys should be carried out until a resolution of the issue has been demonstrated through a successful Primary Check.
If the investigation identifies a problem with the Equipment indicative of a long term issue (that may have affected the performance of surveys carried out for Employers) the results of surveys undertaken with the Equipment since the previous successful Primary Check should be considered suspect, and the Auditor shall be informed.
Reporting
The Survey Data and performance achieved in all Contractor’s Calibration Checks shall be retained by the Contractor for examination by the Auditor as required. Any Contractor’s Calibration Check Survey Data requested by the Auditor shall be provided within 14 days of receipt of the request.
[bookmark: _Toc131508556][bookmark: _Toc131508667][bookmark: _Toc131508778][bookmark: _Toc131518479][bookmark: _Toc131518613][bookmark: _Toc131508557][bookmark: _Toc131508668][bookmark: _Toc131508779][bookmark: _Toc131518480][bookmark: _Toc131518614][bookmark: _Toc131508558][bookmark: _Toc131508669][bookmark: _Toc131508780][bookmark: _Toc131518481][bookmark: _Toc131518615][bookmark: _Toc131508559][bookmark: _Toc131508670][bookmark: _Toc131508781][bookmark: _Toc131518482][bookmark: _Toc131518616][bookmark: _Toc131508560][bookmark: _Toc131508671][bookmark: _Toc131508782][bookmark: _Toc131518483][bookmark: _Toc131518617][bookmark: _Toc131508561][bookmark: _Toc131508672][bookmark: _Toc131508783][bookmark: _Toc131518484][bookmark: _Toc131518618][bookmark: _Toc131508562][bookmark: _Toc131508673][bookmark: _Toc131508784][bookmark: _Toc131518485][bookmark: _Toc131518619][bookmark: _Toc131508563][bookmark: _Toc131508674][bookmark: _Toc131508785][bookmark: _Toc131518486][bookmark: _Toc131518620][bookmark: _Toc131508564][bookmark: _Toc131508675][bookmark: _Toc131508786][bookmark: _Toc131518487][bookmark: _Toc131518621][bookmark: _Toc131508565][bookmark: _Toc131508676][bookmark: _Toc131508787][bookmark: _Toc131518488][bookmark: _Toc131518622][bookmark: _Toc131508566][bookmark: _Toc131508677][bookmark: _Toc131508788][bookmark: _Toc131518489][bookmark: _Toc131518623][bookmark: _Toc131508567][bookmark: _Toc131508678][bookmark: _Toc131508789][bookmark: _Toc131518490][bookmark: _Toc131518624][bookmark: _Toc131508568][bookmark: _Toc131508679][bookmark: _Toc131508790][bookmark: _Toc131518491][bookmark: _Toc131518625][bookmark: _Toc131508569][bookmark: _Toc131508680][bookmark: _Toc131508791][bookmark: _Toc131518492][bookmark: _Toc131518626][bookmark: _Toc131508570][bookmark: _Toc131508681][bookmark: _Toc131508792][bookmark: _Toc131518493][bookmark: _Toc131518627][bookmark: _Ref433727248][bookmark: _Toc433891265][bookmark: _Toc433891349][bookmark: _Toc433891422][bookmark: _Toc433891536][bookmark: _Toc433891702][bookmark: _Toc433895494][bookmark: _Toc131525844][bookmark: _Toc379296417]Equipment Checks Following Routine Maintenance or alterations
It is expected that between re-accreditations of the Equipment, some Routine Maintenance or alterations may be required. The success of the maintenance shall be verified with suitable QA checks before recommencing surveys. In most cases a successful Primary Check would provide a suitable level of QA. If the Contractor is uncertain on the suitable level of QA then they should contact the Auditor for advice.
The records of the maintenance carried out and the checks undertaken following maintenance shall be maintained by the Contractor for examination by the Auditor if required.  Any QA records requested shall be provided to the Auditor within 14 days of receipt of the request.
[bookmark: _Toc379296425][bookmark: _Ref433641364][bookmark: _Ref433727304][bookmark: _Ref433729615][bookmark: _Toc433891266][bookmark: _Toc433891350][bookmark: _Toc433891423][bookmark: _Toc433891537][bookmark: _Toc433891703][bookmark: _Toc433895495][bookmark: _Ref441065054][bookmark: _Toc131525845]Quality Assurance checks by the Auditor
[bookmark: _Toc379296426][bookmark: _Toc433891267][bookmark: _Toc433891351][bookmark: _Toc433891424][bookmark: _Toc433891538][bookmark: _Toc433891704][bookmark: _Toc433895496][bookmark: _Toc131525846]Checks on Contractor’s QA
The Auditor may require the Contractor to demonstrate any aspect of their Quality Assurance regime at any time, through review of their documentation, or their data and records.  The scope includes but is not limited to:
Equipment operation and maintenance
Calibration of the measurement Systems
Driver and operative training and instruction
Survey operation and record keeping
Data recording, processing, and analysis
Delivery of Survey Data
[bookmark: _Ref433885918]If there are any doubts as to the performance of the Equipment or the test procedure following the checks on the Contractor’s QA or from other reports, then the Auditor may undertake additional investigations. Additional investigations may also be conducted if requested by the Employer.
If during checks on the Contractor’s QA the Auditor identifies a lack of competence which may affect the ability of the Contractor to record and deliver good quality Survey Data then the Auditor may issue an Improvement Notice to the Owner and/or Contractor as discussed in Section H.
[bookmark: _Toc131508574][bookmark: _Toc131508685][bookmark: _Toc131508796][bookmark: _Toc131518497][bookmark: _Toc131518631][bookmark: _Toc131508575][bookmark: _Toc131508686][bookmark: _Toc131508797][bookmark: _Toc131518498][bookmark: _Toc131518632][bookmark: _Toc131508576][bookmark: _Toc131508687][bookmark: _Toc131508798][bookmark: _Toc131518499][bookmark: _Toc131518633][bookmark: _Toc131508577][bookmark: _Toc131508688][bookmark: _Toc131508799][bookmark: _Toc131518500][bookmark: _Toc131518634][bookmark: _Toc131508578][bookmark: _Toc131508689][bookmark: _Toc131508800][bookmark: _Toc131518501][bookmark: _Toc131518635][bookmark: _Toc131508579][bookmark: _Toc131508690][bookmark: _Toc131508801][bookmark: _Toc131518502][bookmark: _Toc131518636][bookmark: _Toc131508580][bookmark: _Toc131508691][bookmark: _Toc131508802][bookmark: _Toc131518503][bookmark: _Toc131518637][bookmark: _Ref433641884][bookmark: _Toc433891269][bookmark: _Toc433891353][bookmark: _Toc433891426][bookmark: _Toc433891540][bookmark: _Toc433891706][bookmark: _Toc433895498][bookmark: _Toc131525847]Improvement Notices
[bookmark: _Toc131525848]Procedure
The Improvement Notice shall detail the nature of the improvement required and a timescale over which it shall be completed. It allows the Contractor to correct problems with their Equipment or Quality Assurance procedures. 
[bookmark: _Toc279759439][bookmark: _Toc279762636][bookmark: _Toc280010107][bookmark: _Toc280014111][bookmark: _Toc280019703][bookmark: _Toc280089732][bookmark: _Toc280089769][bookmark: _Toc280090712][bookmark: _Toc280091489][bookmark: _Toc280091549][bookmark: _Toc280091822][bookmark: _Toc280099605][bookmark: _Toc280099726][bookmark: _Toc280099789]Being served with an Improvement Notice will not necessarily lead to withdrawal of Accreditation. However, failure to comply with the Improvement Notice within the given time frame will likely lead to withdrawal of Accreditation.
If the Improvement Notice results in the withdrawal of Accreditation the Auditor shall review the data and the circumstances to determine if the Equipment would be required to carry out a full Accreditation Assessment or a Re-accreditation Assessment to demonstrate the improvement. However, the Auditor may identify a different route to demonstrate the improvement if a suitable one exists.
The Improvement Notice shall detail any restrictions to the use of the Equipment prior to satisfactory completion of the improvement.
The Auditor shall inform the Employer of any Improvement Notices issued and changes of Accreditation status.
[bookmark: _Ref450918669][bookmark: _Ref450918709][bookmark: _Ref450918723][bookmark: _Toc131525849]Requirements on the Auditor
[bookmark: _Toc131518641][bookmark: _Toc131525850]Roles of the Auditor
The role of the Auditor is split into two main roles:
Conducting and reporting the Accreditation/Re-accreditation process
Monitoring the QA performed by the Contractor.
These roles can be carried out by the same or by separate bodies. The requirements that these bodies shall meet for these two roles are given in the sections below.
The Auditor for Accreditation and Re-accreditation Assessments shall:
Organise Accreditation and Re-accreditation Assessments, including designing and developing the methodology for the testing, arranging surveys with the Reference Device, arranging and maintaining suitable sites for Accreditation/Re-accreditation, together with the processing, interpretation and reporting of results. 
Periodically assess the performance of the Trafficked Surfaces site(s) chosen for Accreditation/Re-accreditation so that the longer-term behaviour of the site(s) can be monitored.
Issue Accreditation Certificates showing the performance achieved by Equipment at the Accreditation/Re-accreditation Assessment in a timely fashion. This should be within 2-3 weeks of the corresponding Assessment.
Maintain a publicly available list of Accredited Equipment.
The QA Auditor shall:
Conduct checks on the QA conducted by the Contractor (offering advice where necessary).
Where required, act as a technical advisor and intermediary to aid discussions between Contractor and Employer with regards to the quality of Survey Data.
The Auditor shall issue improvement notices to the Contractor/Owner if the Auditor identifies an issue with the Equipment, QA or survey process which could affect the quality of the Survey Data.
[bookmark: _Toc131518642][bookmark: _Toc131525851]Capabilities of the Auditor
The Accreditation Auditor shall: 
Have experience with the Survey Data produced by the Equipment and be knowledgeable on how to process and interpret it. 
Understand the implications of any differences in the Survey Data and how this is likely to affect the Employer.
Demonstrate independence for their Auditor role. 
Have access to suitable test sites to undertake the Accreditation/Re-accreditation testing and capability to identify Newly Laid Sites. In addition, they shall also have access to suitable supporting tools to provide the Reference Data and support the accreditation testing. The requirements for the test site and the Reference Data are given in Appendix B. 
The QA Auditor shall: 
Have experience with the Survey Data produced by the Equipment and be knowledgeable on how to process and interpret it. 
Understand the implications of any differences in the Survey Data and how this is likely to affect the Employer.
[bookmark: _Ref435694603][bookmark: _Ref435694615][bookmark: _Toc440368907][bookmark: _Ref99731764][bookmark: _Toc131525852]Site and Reference Data requirements for Accreditation/Re-accreditation
[bookmark: _Toc131518644][bookmark: _Toc131525853][bookmark: _Ref88662634]Accreditation/Re-accreditation – Trafficked Surfaces
[bookmark: _Ref88666867]The sites selected for tests on Trafficked Surfaces will have a total length of at least 10km and may be located on the local or strategic road networks (Live Sites), or on a test track (Closed sites). 
Selected lengths of the Closed Sites will be equipped with reflective posts that can be identified by sensors installed on the Equipment to record location referencing points. The Auditor will provide technical details on the posts. 
Location referencing
The Closed Site shall contain one or more sections of straight and level pavement (minimum 500m) for the assessment of Distance. The start and end points of this section(s) shall be clearly marked (e.g. with reflective posts).
The sites may contain test sections which include curves, and tree coverage in which the availability of signal for GNSS may be low. 
At least one of the test sites will have Reference data for location that has been obtained using a calibrated measurement wheel (for distance) and survey grade RTK GPS (for National Grid Co-ordinates. All sites will have further Reference data for location referencing obtained using the National Highways HARRIS survey vehicle, or a comparable device.
Longitudinal Profile 
These tests shall be carried out on Closed Site and Live Sites. 
The Artificial profiles will be located in Closed Sites, and have surfaces (profile mats) of dimensions approximately 1m by 1m, each containing a step that bisects the mat. Surveys will be undertaken such that the Equipment measures the step height as the Equipment drive over the mat.  Step heights will be between 10mm and 25mm. 
The reference data for the Artificial Profiles is the set of heights to which the steps profiles have been machined (and which can be manually measured using a micrometre). 
At least one of the Closed Test sites will have Reference Data collected using an appropriate reference profilometer to provide the true profile over the length of the site
All test sites (Closed and Live Sites) will have Reference Data collected using the HARRIS Equipment.
[bookmark: _Toc131518511][bookmark: _Toc131518645][bookmark: _Toc131518512][bookmark: _Toc131518646][bookmark: _Toc131518513][bookmark: _Toc131518647][bookmark: _Toc131518648][bookmark: _Toc131525854][bookmark: _Ref88654608][bookmark: _Toc435440446][bookmark: _Toc440368908]Accreditation/Re-accreditation – Newly Laid Surfaces 
Identification of Newly Laid Surfaces for accreditation testing will require liaison with asphalt installers. It is anticipated that: 
The Contractor would commence the accreditation programme and complete stage 1 of the tests (trafficked sites)
The Contractor would liaise with the Auditor to establish the Newly Laid Surface test sites. The Contractor may work with a surfacing provider to propose suitable sites, or the Auditor could undertake this activity, or there may be a combination of these approaches applied (as agreed between the Contractor and the Auditor). 
The Newly Laid Surfaces assessment shall be held on at least two Sites, containing different types of asphalt surfacing material.
Having identified and agreed a set of sites the Auditor and the Contractor shall carry out surveys on the sites with the reference and test Equipment. 
Reference data on the Newly Laid Surface sites will be obtained using the National Highways HARRIS survey vehicle or an alternative, comparable, device. This data will be collected between 3 and 5 days after completion of the surfacing.
The Contractor shall use the Equipment to survey the sites within 5 days of the site being laid. 

[bookmark: _Ref126055410][bookmark: _Ref131491356][bookmark: _Toc131525855]Calculation of RI and eLPV
Calculation of Roughness Index
[image: Diagram

Description automatically generated]Roughness Index (RI) is calculated from 3m and 10m Enhanced Longitudinal Profile Variance (eLPV) as:
eLPV is calculated in MSP. However, a definition of eLPV is provided here for information. Note that this definition may change, as a result of enhancements to the procedures.
Note that a run-in/run-out is required so that the eLPVs can be calculated for the entire Survey length of interest. This run in is necessary to fully satisfy the requirements of the filters applied in the calculation of eLPV.  It is recommended that 100m of Longitudinal Profile measurements are provided for this run-in/run-out.
[bookmark: _Toc131518651][bookmark: _Toc131525856]Calculation of eLPV
Two values of eLPV shall be reported for each reporting length, 3m and 10m eLPV. The calculation of each value of eLPV can be summarised as follows:
The raw Longitudinal Profile is filtered using a high pass filter that attenuates frequencies below a predetermined cut-off.  
The eLPV is calculated from the filtered profile over the reporting length.
[bookmark: _Toc131518652][bookmark: _Toc131525857]Filtering
The Longitudinal Profile measurements shall be filtered using the Filter described in Appendix D.
The filter frequencies required to obtain the filtered Longitudinal Profile from which the eLPV may be calculated are given in Table 9. The definitions given in Table 9 are considered as the default values, and will be parameterised within the MSP (i.e. configurable by the user with default values defined within the MSP parameter file).
[bookmark: _Ref131507298]Table 9 – Specification for filters applied in the calculation of eLPV
	
	3m eLPV
	10m eLPV

	Frequency 
	fL= 0.3333 m-1
	fL=0.1000 m-1

	Filter Type
	High Pass
	High Pass


[bookmark: _Toc131518653][bookmark: _Toc131525858]Obtaining eLPV
eLPV is calculated as:

Where: 
N is the number of filtered profile points within each reporting length (10m default, but will be parameterised in the MSP, i.e. configurable by the user with default values defined within the MSP parameter file)
zj is the height of filtered profile point j in mm
[bookmark: _Toc131525859]Invalid values and Validity of eLPV
Invalid values of Longitudinal Profile are reported in the Surface Profile RCD using the invalid flag. These will be accommodated in the filtering process via the sample and hold approach in which the last valid Longitudinal Profile value is used to replace the invalid value. 
The number of invalid Longitudinal Profile values in each 10m length will be counted. 
Any 10m length with greater than 5% invalid Longitudinal Profile values will be considered an invalid 10m length, and hence the values of 3m and 10m eLPV obtained will be considered invalid.
Any 10m length containing greater than xm of continuous invalid Longitudinal Profile values will be considered an invalid 10m length, and hence the values of 3m and 10m eLPV obtained will be considered invalid. 

[bookmark: _Ref126058593][bookmark: _Toc131525860]Filters
[bookmark: _Toc131518655][bookmark: _Toc131525861]Overview
For the calculation of eLPV it is necessary to carry out filtering of the profile measurements.
[bookmark: _Toc297915905]Filtering of the data is achieved by firstly calculating the “filter coefficients”. These are then applied to the profile to generate a new data set that represents the filtered profile. 
The procedure applied in the filtering of the data varies according to the type of filter required:
For a high pass filter calculate the width using fL, calculate the high pass coefficients and apply the high pass filter coefficients to the profile data.
For a low pass filter calculate the width using fH, calculate the low pass coefficients and apply the low pass filter coefficients to the profile data.
For a band pass filter where both fL and fH are defined in the specification, calculate the width using fL, calculate the low pass coefficients and the high pass coefficients, convolve these to generate the bandpass coefficients and apply the band pass coefficients to the profile data.
For a band pass filter defined by only the value of fC, calculate fL and fH, calculate the width using fL, calculate the low pass coefficients and the high pass coefficients, convolve these to generate the bandpass coefficients and apply the band pass coefficients to the profile data.
[bookmark: _Toc131518656][bookmark: _Toc131525862]Calculation of filter coefficients
The filter is defined by a set of m + 1 coefficients, which shall be calculated before the filter is applied.  The values of the coefficients are determined by the values used to define the filter (as given in this specification) and are not dependent on the profile data to be processed.  The filter coefficients for the pass-band filter are calculated in four stages, as described in the following sections.
Filters are defined as either low pass, high pass or band pass. Low pass and high pass filters are assigned values for fH and fL defining the frequency range required. Band pass filters may be defined using only a central frequency fC.
Where only a central frequency, fC, is defined a bioctave passband filter shall be applied, which allows frequencies within a two-octave range to pass without attenuation and attenuates all other frequencies.
For a bi-octave filter the lower frequency limit, fL, is defined by:

[bookmark: _Toc297915913]And the upper frequency limit, fH, is defined by:

[bookmark: _Toc131518657][bookmark: _Toc131525863]Calculation of the width of the filter
The width of the filter, m, is determined by:

Where:
Δ is the interval between profile points
1/f is expressed in the same units as Δ 
R is the “Filter Order”, which shall have a default value of 3, but which shall be parameterised in software.
The calculated value of m shall be rounded up to the next, even integer. Note: 
For a band pass filter f takes the value of fL
For a low pass filter f takes the value of fL
For a high pass filter f takes the value of fH
[bookmark: _Toc131518658][bookmark: _Toc131525864]Calculation of low-pass coefficients
There are m+1 low-pass coefficients, blpi. The values of blpi are initially determined by:

for i = -m/2, -m/2+1, …m/2
Where:
Hi are the coefficients of a Hamming window, given by:
Hi = 0.54 – 0.46 * cos(2 * pi * (i + m/2) / m)
sinc(x) = sin (x) / x  if x ≠ 0	 OR 	sinc(x) = 1 if x=0
pi = 3.14159

 if x≠0  OR  if x=0
f = fH, i.e. equal to the upper frequency limit of the bi-octave filter, expressed in the same units as Δ
and the trigonometric functions are defined such that the arguments are in radians

The coefficients, blpi, are then be normalised as:
 	for I = -m/2, -m/2+1, …., m/2
Where:

[bookmark: _Toc131508598][bookmark: _Toc131508709][bookmark: _Toc131508820][bookmark: _Toc131518525][bookmark: _Toc131518659][bookmark: _Toc131518660][bookmark: _Toc131525865]Calculation of high-pass coefficients
There are m+1 high-pass coefficients, bhpi. To calculate the high-pass coefficients the method described above for calculating the low pass coefficients shall be applied, but where the frequency limit, f, is now equal to the lower frequency limit of the filter, fL.
[bookmark: _Toc131518661][bookmark: _Toc131525866]Transformation of the coefficients
Following the normalisation of the coefficients, the following transformation is performed:

for i = -m/2, -m/2+1, ….1 and for i = 1,…. +m/2     (ie for i  0)

for I = 0
[bookmark: _Toc131518662][bookmark: _Toc131525867]Band-pass coefficients (where required)
The coefficients of a band pass filter are obtained by combining the low pass and high pass coefficients. The high-pass (bhpi) and low-pass (blpi) filter coefficients shall be convoluted to generate a new set of m+1 coefficients describing the band-pass filter, bpi. 
The convolution procedure can be visualised as the high-pass and low-passed coefficients being progressively overlapped.  At each overlap position, the value of the convoluted coefficient is equal to the product of the corresponding high-pass and low-pass coefficients, summed over the overlap region. This process is illustrated in Figure 2. Consider in the first instance the central position (Figure 2-A). In this simple case, where the overlap of the high-pass and low-pass coefficients is complete, the value of bp0 is calculated by summing the product of the high-pass and low-pass coefficients at each position.
The calculation of other values of bpi can be considered by moving one set of coefficients relative to the other, as shown in Figure 2-B, where the low pass coefficients have been moved to the right by one point in order to obtain bp1. The region of overlap is now reduced at one end, but can be determined from the number of increments by which one set of coefficients has been offset. Within the overlap region the value of bp1 is the sum of the product of the overlapping high-pass and low-pass filter coefficients. This procedure is then repeated to obtain the values of bp2 to bpm/2, by incrementing the movement of one set of coefficients relative to the other and each time calculating the sum of the product of the overlapping high-pass and low-pass filter coefficients, until the situation displayed in Figure 2-C is obtained.
To obtain the values of bp-1 to bp-m/2 the above procedure is repeated, but the low-pass filter coefficients are now shifted in the opposite direction from a shift of –1 points to a shift of –m/2 points. Hence to generate the m+1band-pass filter coefficients required, the final limiting overlap positions will have either increment I = m/2, as illustrated in Figure 2-C, or I = -m/2, which is as Figure 2-C but with the increment applied in the opposite direction.
[bookmark: _Toc297915929]In the general case it can be considered that the m+1 values of bpi obtained through the convolution of blpi and bhpi are given by:

for I = -m/2, -m/2+1, …., m/2
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[bookmark: _Ref126061266]Figure 2:  Illustration of filter process
[bookmark: _Toc131508602][bookmark: _Toc131508713][bookmark: _Toc131508824][bookmark: _Toc131518529][bookmark: _Toc131518663][bookmark: _Toc131518664][bookmark: _Toc131525868]Application of the coefficients to filter the profile data
The value of the filtered profile height, zi’, at each position, I, is obtained by multiplying the profile heights between z(i-m/2) and z(i+m/2) by the corresponding m+1 filter coefficients and the summing the resulting products. Hence:

For band pass coefficients. Replace with high pass or low pass coefficients as appropriate to the type of filter required.
It can be inferred from the above definition that the calculation of the filtered profile cannot be performed within a distance of m/2 points of the start of the measured profile or m/2 points of the end of the measured profile. 
If the filtering method was applied separately over each 10m length there will be an inevitable loss of information. For the range of frequencies to be filtered using texture profile the total length “lost” at the start and end of each 10m length will be less than 1m, which may not have a severe effect on the measurement of noise or fretting (although it would be desirable if this could be avoided by evaluating the filter over the whole of the Survey length). However, for the calculation of enhanced variance the effect will be severe and therefore the filter shall be applied over the whole of the Survey such that the points are only lost at the beginning and end of the Survey.
[bookmark: _Toc437442464]
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