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HiSPEQ0 INTRODUCTION
HiSPEQ0: 1

Network surveys

HiSPEQ0: 1.1

Why commission a traffic speed machine survey?

To identify where maintenance is required, and to prioritise this maintenance, road owners
need access to accurate road condition data for the whole of their network (i.e. at a network
level). Traditionally, this condition data has been provided by either slow speed manual
surveys or traffic-speed Coarse Visual Surveys. The disadvantages of these types of survey
are:





Slow speed surveys often require road closures or traffic management, to sufficiently
reduce the risk of injury to surveyors and other road users;
Slow speed surveys are very time consuming and therefore expensive and it can be
difficult to implement such surveys on a large road network, if the data is to be
regularly updated.
Coarse visual surveys (CVS) provide subjective assessments of condition that can
therefore vary between surveys and can also vary for each surveyor i.e. there can be
issues with data consistency;
The CVS, as its name suggests, cannot provide a detailed assessment of condition,
nor can it provide an indication of the road properties that are not visible e.g.
structural strength, thickness of pavement layers, ride quality, skid resistance.

Conversely, high or traffic-speed machine surveys can provide the following advantages:





Quantitative condition data of both visible and non-visible road properties;
No disruption to the flow of traffic, nor increased risk to the survey team or other road
users;
Large lengths of the road network can be surveyed each survey day, thus enabling
regular data collection to occur over the whole network, even on very large networks;
There is good evidence to show that high-speed machine surveys provide data that is
more consistent than data collected from human assessments1.

HiSPEQ0: 1.2

How to develop a contract using HiSPEQ templates

It is assumed that, to let a survey contract, you will produce a legal contract document, to
which you will attach a technical specification.
The technical specification will consist of a number of parts that you’ll be able to produce
using the HiSPEQ templates discussed herein. However, the contract document is
something that your legal/contracts department will need to provide.

HiSPEQ0: 1.3

Selection of a data or an equipment specification

When commissioning a network survey the selection of the contract type is a fundamental
area that a road administration must address when developing a strategy for the delivery of
their survey data. Two main approaches can be distinguished for specifying a high-speed
condition survey:

1

Ekins, JDK and Hawker LG (2003): “TRACS Type surveys for local roads: Scoping study”
http://www.ukpms.com/owner_forum/shared_files/dft_roads_023919.pdf




The first approach is to specify the equipment that is to be used for the survey
(referred to as an “equipment specification”).
The second approach is to specify the delivered data only, i.e. the output of the
measurements (referred to as a “data specification”).

Regardless of the approach, the road administration must determine what data is needed for
the asset management process, what accuracy is needed, what type of measurement is
required, etc. Implicitly this suggests that the first stage of defining a specification is to decide
what data is needed, which fundamentally defines the data specification.
The administration may then consider the types of equipment that might be able to meet this
specification, in order to determine whether their requirements can actually be delivered by
the industry. However, this does not suggest that the administration should then define that
equipment as the required system, as this restricts the ability of the administration to achieve
competition and prevents industry from delivering the innovations that might be required to
deliver the true data requirements of the administration.
A further area of note when developing a specification is that, if put to the extreme, it might
be that only one device from one manufacturer is able to fulfil the demands of the data
specification. This is not a desirable situation, as it does not stimulate competition if every
contractor then has to use the same equipment, and it also inhibits innovation. An
understanding of the equipment market is therefore desirable when developing a data
specification.



For these reasons it is the recommendation of HiSPEQ that road administrations
develop their specifications based on the data requirement, not the equipment.
The guidance presented in this document is focussed on the production of survey
specifications based on the delivery of data.

It is recommended that, unless unavoidable, administrations think carefully before defining a
survey specification that is only able to be delivered by a particular contractor/manufacturer
(or by its nature would be impractical for other contractors to deliver).
For the majority of data defined within HiSPEQ this guidance and the associated
specification templates have been produced with the viewpoint that they should enable
multiple survey contractors to offer a solution. This includes the measurement of location,
longitudinal and transverse profile, pavement imaging and ground penetrating radar
There may, however, be an exception in the case of pavement structural condition (the
measurement of deflection at traffic speed). For this measurement a single technology has
become the adopted approach in the absence of other suitably capable techniques. This
technology – the Traffic Speed Deflectometer (TSD) is provided by a single manufacturer.
However, the approach in HiSPEQ has been to propose a set of key data and quality
requirements for the measurement of pavement structural condition using the TSD that
should draw the best capability from this equipment given the lessons learnt to date using the
system.
Where, as recommended by HiSPEQ, a data specification approach is followed,
accreditation testing of devices and subsequent quality assurance is necessary to ensure the
delivered data is consistent with the survey data requirements. This document also contains
guidance on defining the requirements for accreditation and quality assurance.
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HiSPEQ0: 2

How to use this guidance document

This guidance document has been produced for use alongside the HiSPEQ survey
specification templates, which are labelled as follows:
HiSPEQ1: SPECIFICATION FOR PAVEMENT CONDITION MEASUREMENT
HiSPEQ2: SPECIFICATION FOR REFERENCING DATA TO THE NETWORK
HiSPEQ3: SPECIFICATION FOR PAVEMENT TRANSVERSE EVENNESS
MEASUREMENT
HiSPEQ4: SPECIFICATION FOR PAVEMENT LONGITUDINAL EVENNESS
MEASUREMENT
HiSPEQ5: SPECIFICATION FOR PAVEMENT SURFACE DETERIORATION
MEASUREMENT
HiSPEQ6: SPECIFICATION FOR PAVEMENT STRUCTURE MEASUREMENT
HiSPEQ7: SPECIFICATION FOR TRAFFIC SPEED PAVEMENT DEFLECTION
MEASUREMENT
The first four templates (HiSPEQ1 to 4) are discussed in this document, whilst HiSPEQ5 to 7
are discussed in Part2.
Each section in this guidance can be directly cross referenced to the similarly numbered
sections in the relevant specification template. For example in this guidance document
section “HiSPEQ1: 3 Description of network to be surveyed” can be related to section “3
Description of network to be surveyed” in the specification document called “HiSPEQ1:
Specification for Pavement Condition Measurement”.
It is intended that each section in this guidance can be used by road administrations to assist
them in completing the requirements in the corresponding specification document. The
guidance includes suggested specific requirements that a road administration may wish to
use within their specifications. These suggestions have been obtained from examples of
common and good practice observed in the EU and elsewhere. The suggestions have also
been derived from the knowledge of existing equipment availability and capability, to assist
road administrations in ensuring that the requirements they define are achievable in practice.
However, road administrations will inevitably have their own specific requirements as a result
of specific concerns on their networks, and therefore the ultimate selection of a certain
requirement remains the decision of the administration.
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HiSPEQ0: 3

Abbreviations used in this document

Abbreviation

Meaning

eLPV

Enhanced Longitudinal Profile Variance – a ride quality measure used in the UK

GM

General Motors (a principle used to measure longitudinal profile)

GPR

Ground Penetrating Radar

HGV

Heavy Goods Vehicle i.e. a truck

HRM

High-speed Road Monitor (a principle used to measure longitudinal profile)

IRI

International Roughness Index – a ride quality measure

LPV

Longitudinal Profile Variance – a ride quality measure used in the UK

PSD

Power Spectral Density – a technique to assess the wavelength content of signals

WLP

Weighted Longitudinal Profile

HiSPEQ0: 4

Definitions

The following subsections list the technical terms, along with the definitions of the terms as
they will are used within this document.
Accreditation
Accreditation is a process that is usually implemented at the start of a survey regime. The
aim of the process is to demonstrate whether the high-speed survey equipment is capable of
delivering the data required by the survey, and to the level of accuracy required.
Accuracy
Accuracy is the closeness of the agreement between the result of a measurement and a true
value of the measure. Often it is difficult to obtain true values and thus, to test accuracy, the
data is compared to values obtained using a reference method or device. It is assumed that
the reference method/device provides values that are very close or equal to the true values.
Coverage
Survey coverage is the proportion of the network to be surveyed for which data has been
provided. Data coverage is the proportion of data delivered that can be considered to be
valid.
Driving line
The driving line is the path taken by the survey vehicle as it travels along the road.
Filter
In the context of this work a filter can be considered to be a mathematical transformation
applied to measured profile data to remove features (wavelengths) considered undesirable in
the calculation of a derived parameter.
Fleet consistency
Fleet consistency is how closely matched data is, when collected by multiple (different)
survey equipment devices surveying the same route.
Golden device
A golden device is an ideal example of a device against which all later devices are tested
and judged. The term "golden" is used to describe the precision of the device to standard
specifications.
GPR
Traffic speed ground penetrating radar (GPR) surveys can be used to provide an estimate of
the thickness of the bound layers within the pavement structure.
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IRI
International Roughness Index, a parameter calculated from longitudinal profile data
Lane 1
The nearside-most lane of the main carriageway i.e. the right hand lane for most European
countries.
Longitudinal Profile
The longitudinal profile is a measure of the shape of a road surface, in a single line parallel
with the direction of travel. It is usually measured in the wheel paths and sometimes
measured in the middle of the lane.
Measured data
Measured data is the “raw” data collected by the survey equipment, for example, images,
transverse profile, temperature. It is not truly raw data, as some processing may have been
applied to obtain the data e.g. laser height measurement will be combined with
accelerometer data to produce longitudinal profile from a GM system.
Minor roads
Minor roads provide local networks or links between smaller towns or villages, typically in
rural areas. They may be single track in remote areas. There may be a local numbering
system used for them but it will not be a national classification.
Motorways
Motorways are high capacity roads designed to carry fast motor traffic safely. They are
typically dual carriageway roads with at least two running lanes and a hard shoulder on each
carriageway. Access is typically grade separated and junctions are free flowing. Some
categories of users (pedestrians, cyclists, tractors,…) are not permitted.
Network
The road network is a collection of roads that are owned or managed by a national or local
road authority. The road network can consist of different types of road e.g. motorways,
primary roads.
Network level surveys
A network level survey provides data for each length on the road network. This may be
achieved in just one year, or it may be organised over a number of years.
Parameter
A parameter, such as rutting, IRI or area of cracking, is derived, or calculated from the
measured data.
Pavement
Structure composed of one or more layers of selected material designed to carry traffic.
Pavement Layer
Structural element of a pavement laid in a single operation.
Pavement Surface, Surface Course or Wearing Course
Upper layer of the pavement that is in contact with the traffic.
Project level surveys
A project level survey provides detailed data for a specific length (or lengths) on the road
network. Project level surveys are usually performed when a need for maintenance has
been identified, or where a network level survey has suggested that further investigation is a
requirement.
Primary roads
Primary roads are major roads that link important local centres and provide access to
motorways. They are usually available to all types of traffic and can be either single of dual
carriageways. Usually a distinct numbering system is used for the whole country.
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Quality Assurance (QA)
Quality Assurance (QA) is the process that is implemented during the course of a survey
regime, to ensure that the data quality has remained at an acceptable level.
Re-Accreditation
Re-accreditation is an accreditation process carried out during the survey contract (i.e. after
an Accreditation has been carried out). The tests included in the re-accreditation can be
identical to those contained in the accreditation, a subset of them, or different but can be
used to ensure the ongoing accuracy and repeatability of the survey equipment.
Reference data
Reference data is data that is obtained by means of measurement equipment with wellknown reliability and often better accuracy than the equipment being tested. It is considered
to be the best representation of true measurement that can be provided.
Repeatability
Repeatability is the difference between two measurements made by the same equipment,
with the same survey crew on the same section of road, with the repeat measurements
usually made within a short space of time e.g. a week.
Residential roads
Residential roads are minor roads in urban area that are typically subjected to a speed limit
of 50km/h or less.
Ride quality
Ride quality is indicated by a parameter or parameters that are derived from the longitudinal
profile. These parameters attempt to quantify the level of comfort or discomfort that road
users will experience when driving down the road.
Road environment
The type of environment that the road passes through i.e. urban or rural.
Road type
The road type is a broad description of the road e.g. it gives an indication of how many lanes
it might have, what kind of vehicles might use it and also whether it is a dual or single
carriageway. Road types include motorway, primary road, secondary road, minor road,
residential road.
Rural road
A rural road is located outside urban areas. Sometimes they are defined by speed limits e.g.
only roads with speeds above 60km/h or by the population in any settlements that they pass
through (e.g. a population of less than 3000).
Rutting
Rutting is the permanent deformation of pavement layers which can accumulate over time. It
is limited to asphalt roads, and can be indicative of pavement failure. There are two types of
rutting that can develop on a road: Surface course rutting and structural rutting.
Secondary roads
Secondary roads are roads that link smaller local centres and provide access to primary
roads. They are usually single carriageway roads but may have local dual carriageway
sections. A local numbering system may be used but it is often not shown along the road.
Section
Length of road between defined points (e.g. specific features or measured distance).
Slip road or ramp
A slip road or ramp is a relatively short length of road that allows traffic access onto or off
controlled access roads e.g. motorways, or heavily trafficked primary roads.
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Surface deterioration
In general surface deterioration includes any deterioration in the condition of the road
surface, for example, cracking, fretting/ravelling, pot holes, fatting up, bleeding.
Survey commissioner
The survey commissioner is the owner of the contract with the survey contractor and also the
owner of the specification. This may be the road owner, the road operator etc.
Survey contractor
The survey contractor is commissioned to carry out the condition surveys with high-speed
equipment in accordance with the specification.
Survey equipment
The survey equipment is a road-worthy vehicle or vehicles that have measurement systems
installed, in order to measure and record survey data. The equipment is likely to include a
GPS antenna, lasers, accelerometers, gyroscopes, thermometers etc.
System repeatability
The repeatability of a system is how precise individual survey equipment is i.e. how closely
matched data is when collected by the equipment during two separate surveys.
Traffic speed survey
A traffic speed or high speed survey is performed at, or slightly below prevailing traffic
speeds, and, in general, does not require traffic management or road closures to perform.
For example, a traffic speed survey on a motorway might be performed at speeds of 80km/h
or at 45km/h on a residential road.
Transverse Profile
The transverse profile is a measure of the shape of a road surface, in a single line running
across the lane, perpendicular to vehicle travel.
Urban road
An urban road is located in an urban area i.e. where the density of people exceeds a certain
limit. Sometimes they are defined by speed limits e.g. only roads with speeds below 60km/h
but usually by the population density in the areas through which the road passes.
Valid data
Not all data delivered by a traffic-speed survey can be considered to be reliable. E.g. laser
measurements collected on a damp road surface may be unreliable. This data is known as
invalid data. Valid data is typically data for which the survey contractor and commissioner are
both confident that the measurements fall within the accuracy requirements specified for that
measurement.
Wavelength
Distance between periodically repeated parts of a sinusoidal wave.
Wheelpaths
The area of a pavement’s surface where the large majority of vehicle wheel passages are
concentrated. The nearside wheelpath is the wheelpath furthest away from traffic travelling in
the opposite direction, on a standard road layout (e.g. the right hand wheelpath in France,
the left in the UK). The offside wheelpath is the wheelpath closest to the opposing traffic.
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HiSPEQ1 SPECIFICATION FOR PAVEMENT CONDITION
MEASUREMENT
HiSPEQ1: 1

Scope

When defining the survey requirements the survey commissioner should describe what the
data will be used for. It is useful for the survey contractor to understand these requirements
as it may affect how the contractor designs their delivery approach.
HiSPEQ1 describes the general requirements for the high speed condition surveys required
on the network. It should always be issued alongside the HiSPEQ2 document and one, or
more, of the other documents, describing specific measurements (i.e. one or more of
HiSPEQ3 to 7).
As HiSPEQ1 refers to the other HiSPEQ survey template documents just using their short
names e.g. HiSPEQ4 this section should also contain a list of the full names of the
documents referenced.


A full list of all of the six other documents is given in the template. If, for example, only
transverse profile is to be delivered, then only HiSPEQ2 and HiSPEQ3 will need to be
referenced here i.e. delete any unused documents, as appropriate.

HiSPEQ1: 2

Definitions

This section should be used to define any terms used in the document. A suggested list has
been given but you may wish to add to this. Remove any of the terms that are not relevant.
Some of the definitions may not be appropriate for your road network or country. Where this
is the case, you should edit them, so that the correct definition is provided.

HiSPEQ1: 3

Description of network to be surveyed

It is important to describe the network to be surveyed. Survey contractors may not be familiar
with your network, particularly if they are based in a different country.









The type of network to be surveyed may affect the selection of the equipment
(vehicle) used to perform the survey (e.g. it may not be appropriate for equipment
based on a heavy goods vehicle to survey narrow roads, or those with frequent height
or weight restrictions).
The length of the network and road types to be surveyed will also affect a contractor’s
decision on whether they would try to deliver the survey with just one survey vehicle,
or multiple survey vehicles.
Stating the posted maximum speed limits will also assist the survey contractor in
determining the equipment that is most suitable e.g. equipment that needs to travel at
speeds greater than 50km/h would not be suitable to survey a network with a
maximum speed limit of 45km/h. Similarly, a vehicle that cannot travel at speeds in
excess of 50km/h may not be suitable for roads where the speed limit is 100km/h.
You may wish to impose further speed restrictions on the survey e.g. the survey
should be carried out prevailing traffic speed, or at a speed of no less than 20km/h
below the posted speed limit, unless prevailing traffic speeds prevents this.
Stating the traffic volumes will indicate whether congestion is likely to be
encountered, or whether the traffic will always be free flowing, again assisting the
contractor to determine the range of speeds over which they would be able survey.
Knowledge of the types of road to be surveyed will also help the survey contractor to
calculate the likely rate of survey progress (i.e. the average length that they will
survey each day), and hence the cost of the surveys, enabling them to reduce the risk
that they will either under or over-charge for the survey.
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Therefore, the kind of information that should be included here is:









The type of roads to be surveyed (e.g. motorways, primary roads).
The length of the network (preferably split by road type and environment)
Environment (i.e. urban, rural).
The typical minimum width of the roads to be surveyed (particularly important if this is
likely to be <3.2m).
Any weight restrictions or height restrictions.
The posted maximum speed limits.
Any speed restrictions that are to be applied to the survey.
Traffic volumes.

HiSPEQ1: 4

Coverage of surveys and timescale

This section should be used to state which parts of the network are to be surveyed and when
to survey. As with the network description, this will aid survey contractors to determine
whether they have the equipment needed to deliver the data required and will also help to
identify contractors that cannot deliver what you need (e.g. because they don’t have the right
equipment, or enough vehicles to deliver the survey).

HiSPEQ1: 4.1

What is to be surveyed

The road owner’s strategy will determine which parts of the road network should be surveyed
during the contract: If, for example the strategy is to calculate an annual condition indicator
for the whole network, then there will be a need to perform regular surveys of the whole
network, or a representative proportion of the network. Similarly, if the data is only being
used to provide an indicator of motorway/highway condition and not for network level
maintenance decisions, then only these roads need to be surveyed.
As well as consideration of the road owner’s strategy, the survey commissioner will need to
consider how to get best value from the surveys they commission: If the data is only being
used to provide an indication of overall network condition, and not to identify lengths in need
of maintenance, it may be possible to survey only part of the network if the condition of that
part is representative of the whole network. For example:



If the road network only consists of single lane roads, then it is worth considering
whether a survey carried out in a single direction (i.e. just half of the network) would
provide data that is representative of the network as a whole (Case Study 1).
If multiple lane roads are present in the network, the survey commissioner will need
to consider how many of those lanes will need to be surveyed, in order to obtain data
that is representative of the whole. Many road administrations commission surveys of
Lane 1 of the main carriageways only, since this is the most cost-effective way of
obtaining an indication of “worst case” network condition. This is because Lane1
surveys are relatively easy to perform and, since most HGVs travel in this lane, it is
likely to have the most structural wear. However, Lane 1 data will not necessarily be
representative in the following circumstances:
o If Lane 1 is used just for traffic leaving/joining the motorway and HGVs
regularly travel in Lane 2;
o If a heavily trafficked road is more than 20 years old, it is likely that some
maintenance will have been carried out on it. Since Lane 1 tends to be the
most trafficked lane (particularly in terms of vehicle weight), it may be that
structural maintenance has been carried out in Lane 1 but not in the other
lanes.
o Where there is active traffic management where hard shoulders are being
used for traffic during peak hours, the shoulders may be subject to high levels
of wear.
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If no knowledge is available to make this decision, then knowledge could be gained by
surveying all lanes initially and then reducing the survey, if appropriate.


If there are slip roads within the road network to be surveyed, then consideration of
these will need to be given. Surveys of slip roads cost significantly more (between 4
and 10 times as much per km) than those for main carriageways, as they are short,
disconnected, lengths of road and the survey contractor may have to travel long
distances between the slip roads, increasing both time and fuel costs. However, the
deterioration on slip roads tends to be very different to that seen on the main
carriageways. Commissioning only main carriageway surveys will not give an
indication of the condition of the slip roads.

High-speed survey measurement data, collected on roundabouts, can be unreliable. This
can be because the vehicle is travelling at slow speeds, and also because of the sharp
changes in direction that the vehicle is required to make. The following list contains the
authors’ opinions on the reliability of different measurement data on roundabouts2:




Likely to be unreliable: Longitudinal profile; TSD data
Likely to be reasonably reliable, but care needed: Transverse profile
Reliable: GPR data, images.

Therefore, any requirement for the delivery of data from roundabouts requires careful
consideration, and will depend on the measurement data required. If the data is needed, then
the survey commissioner will need to require that the contractor demonstrate that their
survey equipment can produce reliable data from these road features and will need to
include specific tests for this within the accreditation tests.

2

This opinion is not based on research but is likely to be the general opinion held by the survey
industry
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Case Study 1: Single carriageway roads
1129km of rutting data from single carriageway roads (with one lane in each direction), on the English
primary road network, was analysed to determine if the data from surveys in one direction was
representative of the other direction. The maximum rut depth from both wheel paths was considered.
The condition of the road is calculated by applying thresholds to the maximum rut depths and the
following (simplified) categories are applied:
Category

Description

1

Good condition

2

Showing some signs of deterioration

3

May need maintenance soon

4

In need of maintenance

If the overall condition of two directions is considered (refer to the “Total” column and row in the
following table), it can be seen that this is very similar for both directions i.e. a survey carried out in
one direction would give a good estimate of the overall condition in the other direction, for the
purposes of reporting a network level indicator.
However, in terms of maintenance need, it can be seen that there is a small percentage (~0.07% in
total i.e. ~ 0.8km), of roads for which the road has low rutting in one direction whereas in the other
direction, there are high rut depths present. Therefore, if the data is to be used for maintenance
decisions then, ideally, the survey would be carried out in both directions.
This issue may be more apparent on some networks. For example where there are many goods
vehicle movements with the vehicles fully loaded in one direction but lightly loaded in the other.
One direction
Category

1

2

3

4

Total

1

77.52%

6.61%

0.51%

0.01%

84.65%

2

6.18%

6.25%

0.94%

0.02%

13.39%

3

0.79%

0.58%

0.48%

0.05%

1.90%

4

0.06%

0.01%

0.00%

0.00%

0.07%

Total

84.55%

13.45%

1.92%

0.08%

100.00%

Other
direction

.

HiSPEQ1: 4.2

Timescale of surveys

Frequency of surveys: How often you require the survey to happen (i.e. the frequency) may
vary, depending on the type of data being collected. Also, budget may play a large role in
the decision. Table 1 shows the results of a review carried out by the HeRoad project into the
frequency of surveys. As can be seen, common practice is to collect data for pavement
shape on an annual basis and on a 2-3 year basis for visual condition data. The TSD is new
technology and is therefore not established enough for common practice to have been
developed. GPR is most commonly used on a project level basis and not at network level
and therefore, there is also no common practice available for this.
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Table 1: Frequency of high speed condition surveys
Frequency of surveys

Parameter/
Country

Pavement
shape
(transverse /
longitudinal
profile)

Visual
condition

Pavement
deflection

GPR

Austria

5 years for
primary roads*

5 years

N/A**

N/A**

Belgium (Flemish
region)

Annually for
primary roads*

Annually

N/A**

N/A**

Denmark

Annually for
primary roads*

Annually for
primary roads*

3 years

N/A**

Finland

Annually for
primary roads*

3 years

N/A**

??

France

3 years

3 years

N/A**

N/A**

Germany

4 years for
primary roads*

4 years for
primary roads*

N/A**

N/A**

Ireland

Annually for
primary roads*

Annually

N/A**

N/A**

Lithuania

3 years for
primary roads*

3 years

N/A**

N/A**

Netherlands

Annually for
primary roads*

2 years

N/A**

Occasionally

Norway

Annually for
primary roads*

N/A

N/A**

N/A**

N/A**

Slovenia

4-5 years

2 years

Every 4 years
with the FWD
(not high speed)

Sweden

3 years

N/A**

N/A**

N/A**

Annually for
primary roads*
2-4 years for
other roads

Annually on
Primary Roads,
2-4 years on
others

At least every 2
years survey for
primary roads*

Annually for
primary roads*
from 2016

UK

* Primary Roads are those roads of international importance, high traffic loading, high percentage of heavy
vehicle traffic, dual carriageway road, grade separated junctions, high design speed (>100km/h) etc. For example,
in the UK, this network would be the Strategic Road Network (which includes motorways and trunk roads).
** No routine network level surveys performed

The choice of frequency of surveys should consider the rate of deterioration of the network,
which will be dependent on the road property being considered, the types of road in the
network, their construction, the amount of traffic, and the initial condition.
For example, a network subjected to heavy traffic may deteriorate faster than a less
trafficked network, in similar condition. If the data is being used to determine maintenance
need, more frequent surveys of the more heavily trafficked network may be advisable.
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The structural strength of a bound road can change over the course of a year, with the
pavement being most strong during cold weather, and most weak through the freeze/thaw
cycle, or when subjected to hot temperatures. However, the average strength of the
pavement will not generally change much from year to year, unless it is subjected to an
event, such as flooding, earthquake etc. Similarly, the thickness of the bound pavement
layers should not change too much, unless maintenance is performed. Conversely,
deterioration, such as ravelling or fretting, potholes, cracking etc., can develop relatively
quickly – sometimes over the course of days. Again, this deterioration will depend on the
road construction, the traffic etc.
Based on the preceding discussion, the following list contains an opinion on the likely rates of
deterioration seen for each road property3:




Low: Pavement deflection, layer thickness (construction)
Medium: Longitudinal profile, transverse profile
High: Surface deterioration.

Therefore, you may wish to commission more frequent surveys for surface deterioration
monitoring than for longitudinal and transverse profile measurement and also more frequent
surveys than for pavement deflection and layer thickness. Given that similar survey vehicles
are used for surface deterioration and profile measurements, in practice it may be
appropriate to consider two survey regimes – one for the measurement of deflection and
construction (thickness) and the other for profile and surface deterioration.
It is suggested that an annual survey would be appropriate for the profile measurements
(especially on the heaviest trafficked lengths such as Lane 1 of motorways).
Structural surveys should be carried out to enable the authority to obtain an ongoing
assessment of the structural condition, taking into account the relatively stable nature of the
network (in comparison to, for example, visual condition). Based on the current practice and
use of the TSD, a survey frequency that provides full coverage of the network at least every
3 years is recommended. This could increase in frequency if there is a desire to collect other
information (such as surface shape) at the same time using additional sensors mounted on
the TSD.
Whether you perform GPR surveys at the same frequency as TSD measurement, or less
frequently will depend on how much confidence you have that the pavement construction
data in your pavement management system (PMS) is up to date and accurate. If it is up to
date and accurate, a GPR survey approximately every 5 years should be sufficient.
You may also wish to state how much of your network and which parts of the network are
covered within the duration of the contract i.e. a timetable (Case Study 2).

3

This opinion is not based on research but is likely to be the general opinion held by the survey
industry
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Case Study 2: GPR survey of Californian roads
The Californian state highway network consists of more than 15,243 centre-line miles and 50,644 lane
miles (24,531 centreline-km and 81,503 lane-km respectively).
Data are to be collected for the entire state highway network within three years. Separate task orders
will be issued for the required work. The schedule for the data collection will be specified in the task
orders. The estimated schedule for the data collection is as follows:
National Highway System
Non-National Highway System
Year
Approximate lane km
Approximate lane km
1
17,000
2
34,000
3
30,000
Total
51,000
30,000
The consultant will commence each year for the data collection no sooner than July 1 of each State
fiscal year.

Slip road/ramp surveys: If surveys of slip roads, or similar non-continuous short lengths of
road, are included in the contract, consideration will need to be given to when these might
occur: You may wish to receive the data collected from the surveys of the main roads first,
before receiving data from the slip roads, or may wish to separate the two surveys into
different tasks. However, from the survey contractor’s point of view, it may be more efficient
to survey all road sections located in a region, than to survey all main carriageways and then
go back to the same location to survey the slip roads. Any improvement in the survey
efficiency is likely to result in a reduction in costs and you may wish to take this into
consideration when choosing how to set the timetable.
Example 1
Most of the survey contractors who survey UK roads believe that surveying the main roads in a region,
followed by surveying the slip roads in that region is more efficient/easy to manage than surveying all
main roads in the network and then surveying all slip roads.
In the UK attempts were made to combine the survey of the slips roads with the survey of the main
line (Lane 1). This was achieved by having the equipment operating such that as it travelled along
lane 1 to get to the next “off ramp” it would collect data in lane 1. This provided rapid data collection
but there were then many gaps for the lane 1 data that had not been collected at the junctions, which
had to be covered by a resurvey. This was therefore found to be very inefficient and unsuccessful
approach that offered no benefits over a dedicated slip road survey task.

Surveying multiple times within a contract: If the survey contract requires the same
lengths of road to be surveyed multiple times within the duration of the contract, it is
recommended that you define a minimum time gap between repeat surveys. For example, if
your contract requires Lane 1 of your network to be surveyed every year, if you don’t state a
minimum gap, then the contractor could survey a road in month 12 of Year 1 of the contract
and then again in month 1 of Year 2. This may be more efficient for the survey contractor but
does not help in measuring the deterioration over the two years.
Duration of contract: The duration of the contract will depend on the survey commissioner’s
procurement processes as well as how much will need to be surveyed (i.e. the number of
km, the number of repeat surveys needed), how frequently the data should be updated etc. It
is likely (but not guaranteed) that more consistent data will be delivered if the same survey
contractor and the same survey equipment vehicle is used for every survey cycle (see Case
Study 3) and a longer survey duration may assist this.
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Case Study 3
In 2006, there was a change in the survey contractor used for the primary road network in England.
This resulted in different equipment being used to survey the network. Both the original and new
survey contractor had a transverse profile measurement system that used 20 fixed lasers to provide
the measurement and both systems easily passed the challenging accreditation test set for transverse
profile and rutting.
Despite the apparent similarities between the measurement systems and their performance in the
accreditation test, when the network level of rutting was compared for both devices, a significant
difference could be seen between the distributions of the nearside rutting values, with the new device
reporting 8.2% of rut depth values over 10mm, compared to just 4.3% for the original device.
The
differences
were
attributed to a tendency for
the new device to drive to
the
nearside
(possibly
because the vehicle was
left-hand drive), combined
with the effect of the
different layout of the lasers
fitted to the new device.
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HiSPEQ1: 4.3

Survey coverage

Why is a survey coverage requirement needed?
In theory the surveys should be carried out over every length of road on the network. In
practice, this is difficult for the survey contractor to achieve, due to obstructions, such as road
works, parked vehicles etc., preventing the survey equipment accessing certain parts of the
network. The proportion of the “survey-able” network which is actually surveyed by the
contractor is known as survey coverage. Setting a value for the minimum survey coverage
required ensures that you get what you need.
If your network consists of different types of road, you may wish to set separate coverage
requirements for each type of road. Diligent survey contractors will try to survey as much of
the network as possible but if you do not specify this requirement, it may be possible for a
contractor to deliver data from the “easily” surveyed parts of your network i.e. the main roads,
avoiding challenging lengths e.g. slip roads, cul-de-sacs.
How to decide a survey coverage requirement
If the survey contractor is required to survey 100% of the network, this will result in them
having to revisit the parts of the network not covered within their planned surveys, due to
poor weather, heavy traffic etc. To bring their coverage up to 100% the contractor will have to
survey these short, disconnected, lengths. This will be a costly process and the contractor
will need to include contingency for this in their quoted price for the work.
There will also be instances where road works will be present on certain lengths of road for
the duration of the survey contract. In these instances, it would not be possible for the
survey contractor to fulfil their contract if 100% survey coverage was required.
The survey vehicle may not be able to drive on certain parts of the network e.g. due to weight
or size restrictions and therefore cannot be expected to survey these parts of the network.
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Incidents may also occur on the network that prevent the survey equipment from surveying
particular lengths e.g. overrunning of road works, landslides, damage due to flooding. If so,
these lengths should not be included in the survey coverage calculation, as they cannot be
considered to be part of a survey-able network.
Therefore, it is suggested that a survey coverage of less than 100% is set which will be
practical for the survey contractor to achieve. Experience has shown that a survey coverage
of 99% is generally achievable on networks with significant overall length (several thousand
km). However, there may be circumstances where the value should be less e.g. if you know
that at least 10% of your network has road works at any one time, then a value of 89%
survey coverage is likely to be achievable but a value of 95% may require the survey
contractor to perform a lot of re-surveys, incurring extra costs.
Example 2: Taken from UK TRASS (Traffic-speed Structural Surveys) specification
The Surveys shall provide a minimum level Coverage of the Survey-able Network and the required
coverage levels by road type are given below:
Type

Extent of Eligible Network for which
Survey Data will be collected (Level 0)

Main Carriageways Lane 1 or 2

99%

Lane 1 of Slip Roads

99%

As with survey frequency, the survey coverage requirements may vary, depending on the
type of data being collected (section HiSPEQ1: 4.2). The survey commissioner should try to
work out how much data is needed to fulfil their strategy and balance this with how much of
their network they can practically expect the survey contractor to survey, without incurring
costs that do not represent good value for money.

HiSPEQ1: 4.4

Data coverage

Data coverage is the percentage of the surveyed network for which valid data is delivered.
No survey equipment can measure and deliver valid data all the time and some survey
equipment can deliver more valid data than others. For example:







A longitudinal profile measurement system, based on the GM principle, will not be
able to measure valid data when the vehicle is travelling at slow speeds (probably
less than ~20km/h) or in stop-start conditions. This implies that the data coverage
requirements for an urban network may need to be lower than those for a rural
network (Case Study 4).
A longitudinal profile measurement system, based on the HRM principle, will be less
able to measure valid data when surveying lengths of a road that have high levels of
curvature.
A transverse profile measurement system is likely to record measurements from the
side of the road e.g. verge, hedge when surveying very narrow roads. These
measurements will affect the rut depth calculations.
The data collected by the TSD is affected by vehicle speed, ambient and pavement
temperature and tyre pressure. There are operational ranges for each of these
properties, outside of which, the data is likely to be invalid (Case Study 5).
The quality of measured GPR data can be affected by a range of factors which can
inhibit ability to resolve the pavement structure and can therefore result in invalid
data. These include predictable factors such as surface moisture or the presence of
de-icing salts/fluid and a number of less predictable factors such as conductive road
construction materials, clay rich sub-grades or electromagnetic interference from
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communication systems. The range of less-predictable factors and the variety of
construction materials / practices make it difficult to set prescriptive valid data
coverage targets for GPR. Generally GPR valid data coverage is likely to be better for
bound layers and designed roads than unbound layers and evolved roads (Case
Study 6).
Therefore, a level of data coverage should be set that is achievable but will ensure the
survey contractor delivers as much valid data as possible. As with survey coverage, requiring
100% valid data will require the survey contractor to re-survey a large number of lengths,
thus increasing the cost of the survey. In the case of GPR, it may not be possible to produce
valid data due to the ground conditions
Note that the survey coverage and data coverage combine: If 97% survey coverage and
98% data coverage is required, this means that the contractor must collect data (survey) over
at least 97% of the network, and must deliver data from at least 98% of the surveyed lengths.
The minimum amount of the network for which valid data is provided is therefore 95%
(98x97%). When this threshold has been reached, a non-diligent survey contractor may
choose to not deliver any more data and to stop surveying. This may result in survey-able
lengths on your network being missed. To avoid this situation, it would be advised that you
set both a maximum overall percentage and a maximum continuous length of invalid data
allowed for each measurement or parameter being delivered.
As with survey frequency (HiSPEQ1: 4.2) and survey coverage (HiSPEQ1: 4.3), the data
coverage requirements may vary, depending on the type of data being collected. The
example given in HiSPEQ1 contains values for survey coverage separately from data
coverage and separately. However, they can be combined, as shown in Example 3 below.
Finally, it is recommended that the survey and data coverage requirements are not harshly
enforced unless the survey contractor is clearly not dedicated to the task, as surveying a
road network is not easy.
Example 3: Taken from UK SCANNER (Surface Condition Assessment for the National Network of
Roads) specification
Percentage of survey network for which
Measured Parameter

Valid survey data shall
be provided

Invalid or missing survey
data are permitted

Total
coverage
(%)

Average speed

98

2

100

National grid coordinates

98

2

100

3m LPV

96

4

100

10m LPV

96

4

100

3m LPV

95

5

100

10m LPV

92

8

100

Transverse Profile

98

2

100

Cracking

98

2

100

Longitudinal Profile, Rural Areas

Longitudinal Profile, Urban Areas

As discussed above, there are situations where survey equipment is affected by specific
issues. These, and how data validity might be checked, are discussed in more detail in the
following case studies (Case Study 4, Case Study 5 and Case Study 6).
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Case Study 4
Longitudinal profile measurements, achieved using a GM system, are typically only valid when the
survey vehicle is travelling at above 20km/h (approximately). Where contractors claim to be able to
overcome this limit, evidence should be sought from them to demonstrate the robustness of their
system.
When surveying an urban road network, where there are many junctions and locations where traffic is
stopped, there is likely to be a percentage of the network for which valid data cannot be delivered.
Experience in assessing several hundred km of surveys carried out on an urban road network in
England (non-primary roads), using the GM system found that no valid longitudinal profile data was
available for 2% of the network, due to parked vehicles and road works and a further 9% of
longitudinal profile data was invalidated due to low speed or too high acceleration/deceleration.
A GM system was used to survey the primary road network in England between 2010 and 2016. The
following limits were set for longitudinal profile:



Minimum speed of 20km/h
2
2
2
Maximum acceleration/deceleration of 3m/s for 3m LPV, 2m/s for 10m LPV and 1m/s for
30m LPV.

Case Study 5
In the UK, there are a number of factors that are assessed when determining whether TSD data can
be considered valid. The data is deemed to be invalid if:







The data rate of the Doppler lasers drops below a set level (e.g. 500);
The survey speed lies outside of the valid range (e.g. 30-80km/h);
The survey temperature lies outside of the valid range (e.g. 15-25˚C);
There was a difference in temperature of reported between any of the sensors installed on the
measuring equipment beam (e.g. exceeding 5˚C);
There is a difference in tyre pressure of between the rear wheels of the equipment (e.g.
greater than 10psi);
The temperature of the pavement falls outside the limits (e.g. at a depth of 40mm the
temperature is less than 5˚C, or greater than 35˚C).

Applying the above tests results in only 75-80% of the data collected being considered to be valid.

Case Study 6
Measured GPR data is interpreted in order to obtain layer thickness data. There will be lengths,
where it is not possible to resolve the layer thickness (either through manual or automated processes)
from the measured data as there are no reflectors evident in the data. Generally this is either due to
un-amenable ground conditions, the characteristics of the pavement or external electromagnetic
interference.
GPR data from which it is not possible to report layer thickness should be considered as invalid.
However, as the several of the factors effecting GPR data quality are not within the control of the
survey contractor, it is advisable to set lower data validity thresholds than for some other data sets.
For example:
Expected percentage of valid
Expected percentage of valid
Parameter
data on designed roads
data on evolved roads
Asphalt thickness

95%

85%

Concrete thickness*

90%

70%

Cement or Asphalt bound
sub-base thickness

70%

55%

Un-bound sub-base material
thickness

60%

50%

.
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HiSPEQ1: 5

Deliverables of the contract

HiSPEQ1: 5.1

Location referencing

The measured data is only useful if it can be related back to the location at which it was
recorded. Therefore all high-speed survey specifications must include a requirement for a
measurement(s) to enable the data to be referenced to the network. In HiSPEQ the location
referencing is defined in HiSPEQ2. Therefore when using the HiSPEQ approach for
specifying, the specification must include the HiSPEQ2 document.
HiSPEQ2 also contains the requirements for testing the survey contractor’s ability to deliver
data that is correctly referenced to the network.

HiSPEQ1: 5.2

Data to be delivered

Technical advice on the selection of individual measurements to include in the specification
is given in the guidance for each measurement i.e. the reasons for including transverse
profile are covered in HiSPEQ3, longitudinal profile in HiSPEQ4, surface deterioration in
HiSPEQ5, layer thickness in HiSPEQ6 and deflection in HiSPEQ7. However, when more
than one property is measured the data can be combined to improve an Authority’s ability to
interpret the data and better understand the condition of the network. For example




Although the collection of only transverse and longitudinal evenness and surface
deterioration is not sufficient to completely determine pavement structural condition,
together these parameters may be used to estimate structural robustness. Surface
defects (e.g. cracking, fretting) are likely to shorten a pavement’s life and the shape of
the surface may also indicate problems in the pavement’s structure e.g. unevenness
may initiated by subsurface defects or poor stiffness/bearing capacity. Thus, these
measurements can support and inform measures of pavement deflection.
Measurements of pavement deflection can be combined with knowledge of the
materials used in each pavement layer, the thickness of each layer, and the
behaviour of that material to calculate pavement stiffness and hence estimate the
length of time that the pavement is likely to endure traffic travelling on it before
deforming. Thus, measurements of deflection can be directly related to pavement
strength but need to be complemented by construction data, in order to predict the
lifespan of the pavement.

However, selection of properties to measure will depend on many factors, for example:





How the data is to be used as part of the management of the network asset
o Is it to be used to determine the specific maintenance need and/or to design
treatments? What types of maintenance are used on your network?
o Is it to be used to understand the condition of the overall network, e.g. via the
calculation of indicators? What types of indicators are required – structural,
functional?
o What other survey regimes are already in place to provide data to
complement the data collected by this survey (e.g. safety/skid surveys)?
The construction material generally used on the network
o If the network is mainly concrete, rutting and deflection may be less important
than surface deterioration and the evenness of the slabs?
The type of network being surveyed
o It may be impractical to use the TSD on a narrow or urbanised network.
o Very narrow networks might require special assessment of shape, by
combining transverse and longitudinal profile if it is too narrow to determine
traditional rut depths.
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The following sections further discuss areas to consider when selecting the properties to
measure, from the viewpoint of drawing value from combining the parameters. There is also
discussion of some of the practical issues associated with the collection of multiple
properties.
HiSPEQ1: 5.2.1 Condition Indices from Combined parameters
When several different properties are measured it is common practice to use these to obtain
indices that quantify the general condition of the network. These can then be used to identify
lengths in need of maintenance, propose maintenance schemes and prioritise these
schemes.
Information on transforming technical parameters to performance indicators (PI), and
combining indicators with the use of weights is provided in the results of COST Action 354
Performance Indicators for Road Pavements (http://cost354.zag.si/). In this work
performance Indices were developed and defined as dimensionless figures on a common 0
to 5 scale, with 0 representing a pavement in very good condition and 5 a very poor one.
These included PIs for the assessment of key properties of road pavements:
 Longitudinal evenness
 Transverse evenness
 Macro-texture
 Friction
 Bearing Capacity
 Noise
 Air Pollution
 Cracking
 Surface defects.
These were then combined into Combined Performance Indicators (CPI) based on the
advanced maximum criteria, taking into account the maximum weighted (W) PI value
affected by biased values of other weighted PIs. The COST work proposed that four
combined performance indices could be used to represent important aspects of pavement
performance, relevant to road users and operators:
 Safety Index
 Comfort Index
 Structural Index
 Environmental Index.
The final result of the CPI is strongly influenced by the maximum weighted PI. The use of
weightings helps an administration decide how to prioritise the types of condition that will
influence maintenance work. For example, if only the maximum value is used for the
combination procedure and no influence of the other weighted single performance indices is
given, than a section with rutting in “poor” condition and friction in “very good” condition will
be similar to a section with rutting and friction in “poor” condition. There will be no difference
in the value of the Combined Performance Index.
These can be combined into a “General Performance Indicator” (GPI) which is a
mathematical combination of single and/or combined indicators. COST proposed two
mathematical approaches to obtain the Combined Indicators, as shown in Case Study 74.
The combination of combined performance indices (CPIs) into a general performance index
(GPI) is based on same criteria (replace PI with CPI and CPI with GPI in Case Study 7).
4

Litzka, J. et al., 2008: The way forward for pavement performance indicators across Europe; COST
Action 354 Final Report
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COST also proposed a list of weighting factors for the different CPIs and GPI for practical
application of the single, combined and general performance indicators (Case Study 8).
Case Study 7: Development of Combined Performance Indicators as defined by COST
354
The combination of single Performance Indicators (PIs) into Combined Performance Indicators (CPIs)
is based on “advanced maximum criteria”. The alternatives give the user the possibility to consider the
influence of the other weighted PIs as follows:
Alternative 1 considers the mean value of the weighted single performance indices other than the
maximum weighted single performance index influenced by a factor p.
𝑝
(𝐼̅̅̅̅̅̅̅̅̅̅̅̅̅
𝐶𝑃𝐼𝑖 = 𝑚𝑖𝑛 [5; 𝐼1 +
, 𝐼 , … , 𝐼𝑛 )]
100 2 3
where
𝐼1 ≥ 𝐼2 ≥ 𝐼3 ≥ ⋯ ≥ 𝐼𝑛
and
𝐼1 = 𝑊1 × 𝑃𝐼1 ; 𝐼2 = 𝑊2 × 𝑃𝐼2 ; … ; 𝐼𝑛 = 𝑊𝑛 × 𝑃𝐼𝑛
Alternative 2 considers the second largest weighted single performance index influenced by a factor
p. All other PIs which are less than the second largest weighted single performance index are not
taken into consideration.
𝑝
𝐶𝑃𝐼𝑖 = 𝑚𝑖𝑛 [5; 𝐼1 +
×𝐼 ]
100 2
where
𝐼1 ≥ 𝐼2 ≥ 𝐼3 ≥ ⋯ ≥ 𝐼𝑛
and
𝐼1 = 𝑊1 × 𝑃𝐼1 ; 𝐼2 = 𝑊2 × 𝑃𝐼2 ; … ; 𝐼𝑛 = 𝑊𝑛 × 𝑃𝐼𝑛
The influence factor p enables the user to control the total influence of the weighted single
performance indices according to their relevance. A high p factor increases the influence of the other
weighted single performance indices than the maximum one. The weights Wi represent the influence
of the different single performance indices on a relative basis as well. The maximum weight of all used
single performance indices or pre-combined performance indices should be always 1.0.

Case Study 8: Weighting factors as defined by COST 354
Following the survey within the countries represented in COST 354 the relative importance of each
type of combined performance indicator was sought from the following categories of respondents:
Road Authorities, Road Operators, Researchers and Road Users.
In order to have a common scale, it was requested that the sum of influence factors for a given
network type should be equal to 1; afterwards the weights had to be transformed by a linear transfer
function into a different scale, where the highest value(s) are equal to 1.0.
Before applying these weights in practice, they should be checked for plausibility subject to the field of
application, their objectives and other preconditions.
Table 2: Weighting factors, as proposed by COST354
Road safety

Riding Comfort

Pavement
Structure

Environment

Motorways

1.00

0.70

0.65

0.25

Primary Roads

1.00

0.70

0.80

0.30

Secondary and
Other Roads

1.00

0.65

1.00

0.35

.
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HiSPEQ1: 5.2.2 Examples of Index based approaches
Comfort Index: Combining transverse and longitudinal profile
The ToolBox project5 aimed to establish a set of functional triggers for selecting lengths for
maintenance on the network, and hence proposed triggers for Safety, Durability,
Environment and Comfort. The ToolBox Comfort trigger is a combination of ride quality,
localised roughness (singular irregularities), transverse unevenness, and edge roughness,
since all these affect the driving comfort. This is described in Case Study 9.
Case Study 9: The Comfort trigger as defined by the ToolBox project.
The ToolBox Comfort Trigger utilises:






Ride quality: measured by IRI,
Localised roughness: different measures used in different countries.

The Bump Measure from UK is used to determine if any localised roughness exists. The
Bump measure returns a value of 0 (no localised roughness) and 1 (one or more areas of
localised roughness).

The Weighted Longitudinal Profile (WLP) from Austria can be used to determine the
location of localised roughness. The WLP calculates two indicators from longitudinal
profile, range (delta) and standard deviation (sigma).

An experimental measure as used in Sweden, where a simulation is applied to the
longitudinal profile and the calculated decimetre acceleration is used to determine the
location of localised roughness.
Transverse unevenness: defined by rut depths.
Edge roughness: calculated from transverse profile data in the UK and in Sweden, but
differently.

In the UK, the variance from a 0.6 m moving average is calculated for each of the
transverse profile measurement points lying up to 0.5m from edge of road. The edge
roughness is then the proportion of these variance values exceeding a defined threshold.
Dimensionless parameter ranges between 0 and 1.

In Sweden, the edge roughness is the maximum deviation (in mm) between the nearside
transverse profile and a regression line fitted to a part of the profile that is not deformed.

The Comfort trigger takes the form of:
0.2*G(RQNS) + 0.2*G(RQOS) + 0.1*G(LRNS) + 0.1*G(LROS) + 0.1*G(RutNS) + 0.1*G(RutOS) +
0.2*G(Edge)
where: RQ is ride quality, LR is localised roughness, Rut is rut depth, NS is the nearside wheel path,
OS is the offside wheel path
The trigger will have a value: 0 (if each index equals 0 – smooth surface, no localised roughness, no
ruts), 100 (very rough surface, a lot of localised roughness present, high rut depths), and anything in
between according to each index function.

5

Benbow E, et al.: ToolBox, Review of Functional Triggers, Deliverable 2 of the ToolBox project
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Structural Index: combining surface distress and longitudinal profile
A performance study6 of practices used by US state highway agencies for quantifying
network level pavement structural health found that:
 Most agencies are using a measure for structural health based on pavement distress,
RSL or both;
 There are differing opinions about what measures would be both suitable for
comparing structural health across states and feasible given current data collection
practices (i.e. measurement of structural health using slow speed deflection devices
is not practical at the network level);
 There was no consensus on suitable comparative pavement structural health
measures. Options suggested were: IRI, distress, RSL, classifying into good-fairpoor, deflection/structural number.
However, the Toolbox project has proposed a structural index ISI, that does not rely on
deflection data and residual life values. It was Adapted from a Swedish model7 based on the
following indices:
o Irut is defined by rut depth and yearly change in rut depth.
o Iiri is defined by IRI and yearly change in IRI.
o Ied is defined edge deformation.
The ISI has a value between 0 (very good condition) and 100 (falling apart), Case Study 10.
Case Study 10: The Structural index as defined by the ToolBox project.
The Structural index takes the form of:
𝐼𝑆𝐼 = 𝑚𝑎𝑥 [0; 𝑚𝑖𝑛 (𝐼𝑚𝑎𝑥 +

𝑝
300

(𝐼𝑟𝑢𝑡 + 𝐼𝑖𝑟𝑖 + 𝐼𝑒𝑑 ))],

where:
𝐼𝑚𝑎𝑥 = 𝑚𝑎𝑥 (𝐼𝑟𝑢𝑡 + 𝐼𝑖𝑟𝑖 + 𝐼𝑒𝑑 ) and 0 ≤ 𝑝 ≤ 20𝑚𝑎𝑥
𝐼𝑟𝑢𝑡 = 𝑚𝑖𝑛 [100; 𝑚𝑎𝑥(𝐼𝑎𝑟𝑢𝑡 , 𝐼𝑏𝑟𝑢𝑡 ) +
𝐼𝑎𝑟𝑢𝑡 = 𝑚𝑎𝑥 [0; 𝑚𝑖𝑛 (100, 100 ×
𝐼𝑖𝑟𝑖 = 𝑚𝑖𝑛 [100; 𝑚𝑎𝑥(𝐼𝑎𝑖𝑟𝑖 , 𝐼𝑏𝑖𝑟𝑖 ) +
𝐼𝑎𝑖𝑟𝑖 = 𝑚𝑎𝑥 [0; 𝑚𝑖𝑛 (100, 100 ×

𝐼𝑒𝑑 = 𝑚𝑎𝑥 [0; 𝑚𝑖𝑛 (100, 100 ×

𝑝
𝑚𝑖𝑛(𝐼𝑎𝑟𝑢𝑡 , 𝐼𝑏𝑟𝑢𝑡 )]
100

𝑅𝐷−𝑇𝐿𝑟𝑢𝑡
𝑇𝑈𝑟𝑢𝑡 −𝑇𝐿𝑟𝑢𝑡

)], 𝐼𝑏𝑟𝑢𝑡 = 𝑚𝑎𝑥 [0; 𝑚𝑖𝑛 (100, 100 ×

Δ𝑅𝐷−𝑇𝐿Δ𝑟𝑢𝑡
𝑇𝑈Δ𝑟𝑢𝑡 −𝑇𝐿Δ𝑟𝑢𝑡

)]

𝑝
𝑚𝑖𝑛(𝐼𝑎𝑖𝑟𝑖 , 𝐼𝑏𝑖𝑟𝑖 )]
100
𝑅𝐷−𝑇𝐿𝑖𝑟𝑖

𝑇𝑈𝑖𝑟𝑖 −𝑇𝐿𝑖𝑟𝑖

)], 𝐼𝑏𝑖𝑟𝑖 = 𝑚𝑎𝑥 [0; 𝑚𝑖𝑛 (100, 100 ×

Δ𝑅𝐷−𝑇𝐿Δ𝑖𝑟𝑖
𝑇𝑈Δ𝑖𝑟𝑖 −𝑇𝐿Δ𝑖𝑟𝑖

)]

𝐸𝑑𝑔𝑒 𝐷𝑒𝑓 − 𝑇𝐿𝑒𝑑
)]
𝑇𝑈𝑒𝑑 − 𝑇𝐿𝑒𝑑

Irut is Rut depth index, Iiri is IRI index, Ied is Edge deformation index, ΔRD is the yearly change in rut
depth, ΔIRI is the yearly change in IRI.
The trigger will have a value between 0 and 100, where 0 is a good road and 100 is poor.
Where historical data is not available to road authorities they could set I rut=Iarut and Iiri=Iairi.

6

Spy Pond Partners et al., 2013: Measuring Performance Among State DOTs: Sharing Good
Practices – Pavement Structural Health
7

Lang J (WSP), J Berglöf (WSP) and L Sjögren (VTI), 2013: “Index for att beskriva vagars tillstand”.
WSP report. (Indices to describe road condition, only in Swedish)
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Structural Index: Combining strength, surface distress and longitudinal profile
Toolbox went further and additionally proposed an index for assessing the durability of road
pavements (the Durability trigger) which does use deflection data (Case Study 11),
combining:


Structural strength: collected as described in Case Study 5 and given the largest
weighting;



Deformation: based on an index developed for the Scottish local road system8;



Ride quality: measured by IRI;



Visual condition: based on the level of surface deterioration and given the smallest
weighting, since the presence of these defects does not always imply trouble with
structure.

Case Study 11: The Durability trigger as defined by the ToolBox project.
The Durability trigger takes the form of:
0.5*ISI + 0.2*IDef + 0.2*IRQ + 0.1*ISurf
where: ISI is Structural index (see Case Study 10), IDef is Deformation index, IIRI is Ride quality index,
ISurf is Visual condition index.
The Deformation index takes the form of:
IDef = 0.5*G(RutNS ) + 0.5*G(RutOS )
where: RutNS and RutOS are the rut depths measured in the nearside and offside wheelpaths,
respectively, and
G(Rut) = 0, if Rut depth ≤ RutL mm
fRD(Rut depth) if RutL mm < Rut depth < RutU mm
100, if Rut depth ≥ RutU mm
where: fRD is defined as a monotonically increasing function, based on Rut depth values.
The Ride quality index takes the form of:
IIRI = 0.5*G(IRINS ) + 0.5*G(IRIOS )
where: IRINS and IRIOS are the values of IRI measured in the nearside and offside wheelpaths,
respectively, and
G(IRI) = 0, if IRI ≤ TLIRI mm/m
fIRI(IRI) if TLIRI mm/m < IRI < TUIRI mm/m
100, if IRI ≥ TUIRI mm/m
where: fIRI is monotonically increasing function, based on IRI values.
The Visual condition index Isurf based on the level of surface deterioration present in any length.
Some countries perform manual surveys and have the % of each length affected by visual
deterioration. Some others, e.g. the UK, have automatic crack data and network-level fretting data.

8

McRobbie S, D Wright, K Nesnas and M McHale, 2011: “Development of complementary
indicators for use with the RCI in Scotland”. TRL published report PPR571.
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General Index: combining surface distress, ride quality and texture or skid resistance
Rut depths, ride quality, texture and cracking data can be combined to provide an indicator
for general condition, as used on the local road network in the UK. This is known as the
Road Condition Indicator (RCI) and is calculated for each 10m length on the network. It is
used to identify lengths in need of maintenance (Case Study 12).
Case Study 12: Road Condition Indicator (RCI) as used in the UK
The RCI is calculated from rut depths, ride quality, texture and cracking data as follows:
For all parameters, except texture, the parameter’s contribution to the RCI is 0 if the parameter’s value
is smaller than the lower threshold, 100 if it exceeds an upper threshold, or a scaled number between
0 and 100 for values in between. The graph below shows an example of this for rutting. For texture,
the RCI is 0 if the texture value exceeds the lower threshold and 100 if it is less than the upper
threshold.

Each parameter’s contribution is then weighted, depending on the parameter’s perceived importance
and also how reliable the measure is thought to be. The individual contributions are then summed to
give the overall RCI value for a length i.e.
RCI = Rutting weighted contribution + Ride Quality weighted contribution + Texture weighted
contribution + Cracking weighted contribution.

Another example from the UK is the Network Pavement Condition Indicator (NPC). The NPC
is an indicator that is used by Highways England to obtain an estimate of how much of their
network (the strategic road network in England) is in good condition. For each 100m length
on the network, the measured rutting, ride quality and skid resistance values are
assessed. If any of these parameters is deemed to be at an unacceptable level, the length is
assigned a value of 1. Otherwise, it is assigned a value of 0. The NPC is then the
percentage of lengths having a value of 0.
Overall condition index: Combining indices
As noted above, COST 354 proposed a procedure to combine indices into a General
Performance Indicator. However, there are also procedures in place that were developed to
define an overall performance indicator that reflects the existing management system in a
specific country. A practical example can be taken from Austria where the Total Condition
Index is calculated, starting from the measured parameters (Case Study 13):
 Skid resistance,
 Rutting,
 Longitudinal Evenness,
 Surface Defects,
 Cracking,
 Age of pavement,
 (Theoretical) Bearing Capacity.
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Case Study 13: Austrian Total Condition Index (TCI)
The TCI is calculated from skid resistance, rutting, longitudinal evenness, surface defects, cracking,
age of pavement and theoretical bearing capacity. For all parameters, the Condition Value is derived
from the measured parameters. The Condition Value is normalized into the Condition Index. Several
indices are first pre-combined (in specific cases using weights) and then the Comfort and Safety Index
(CSI) and Structural Condition Index (SCI) are defined. Finally the CSI and SCI are weighted and
combined into the TCI.

Further examples of the use of the general indicator approach can be seen in:




The ANAS Management system (Italian road/motorway state manager)9: A
Performance Index (PI) which varies from 0 to 100 measures utilises the skid
resistance, roughness, bearing capacity, surface distresses, traffic noise. Its
distribution is used to define the condition of the pavement.
The Federal Highway Administration, Road Inventory Program for the National Park
Service, collects roadway condition data on paved asphalt surfaces in national parks
nationwide. The road surface condition data is collected using an automated data
collection vehicle and the results serve as an input for calculation of the Pavement
Condition Rating index (PCR). The PCR includes the weighted Surface Condition
Rating index (SCR) and Roughness Condition Rating index (RCI) and takes the
form10:
PCR = (0.60*SCR) + (0.40*RCI)

9

Drusin, S., 2014: Evaluating the performance of new and in-service pavements in Italy using highspeed non-destructive testing, presentation at Pavement Evaluation 2014, Blacksburg, Virginia
10

Pavement Distress Identification Manual for the NPS Road Inventory Program, Cycle 4, 2006-2009,
FHWA
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The SCR index is based on the reported percentages of section lengths in 3 severity
classes for alligator cracking, longitudinal and transverse cracking, patching and
rutting. The RCI index is based on the average value of IRI measured in left and right
wheelpaths.
Project level indices
Typically indices are developed for the network level use and are not focussed on project
level assessment. However, HiSPEQ proposes that some combinations of different
components could be used to get better information for project level assessment:


Combining data for longitudinal profile and transverse profile will give information
about water ponding;



Water ponding locations in combination with cracking and other relevant distresses
will give areas of general weakening of the pavement structure and of lowering the
resistance of the surface and base materials to disintegration;



Pavement roughness, combined with edge break, provides information on narrowing
driving lanes/shoulders;



Combining detailed image assessment and shape data can be used to assess
condition for determining specific maintenance need (i.e. doing manual analysis of
images collected at traffic speed can be used to replace project level inspections, see
also HiSPEQ5);



GPR data about structures can be combined with deflections to get better information
about the residual lifetime.

HiSPEQ1: 5.2.3Practical issues to consider when selecting component(s) to include in
a survey specification
In the light of the wide range of applications discussed above it might appear ideal for the
survey regime to include all the HiSPEQ measurements that support structural assessment –
i.e. deflection, structure, shape and surface deterioration. However, for some administrations
it may not be practical to acquire all this data, and for some it may not be within the available
budget. Table 3 discusses some of the practical issues associated with the collection of the
data. Given these practical issues HiSPEQ suggests that as a minimum:





For a road network that includes narrow roads where high speed deflection (TSD)
measurements may not be practical, the survey should include measurements of
road shape (longitudinal unevenness) at a minimum and also include measurements
of surface deterioration (fretting, cracking, potholes), if possible. Note that, where the
network passes through towns, or includes roads with tight curvature, errors may
arise from the influence of smaller radii of curvature or sudden changes in driving line.
This can affect all of the data, include shape and surface deterioration. Location
referencing (via GPS) can also be affected when measuring through “shadow” areas
– narrow valleys, forest, urban canyons etc.
For a major road network with mainly concrete construction, where
deflection/structure measurements may not be appropriate, the survey could include
measurements of longitudinal profile and, if possible, surface deterioration.
For a major road network with mainly asphalt construction the road administration
should seriously consider including measurements of pavement deflection, and
measurements of pavement structure, in addition to the measurement of shape.
However, if the budget does not allow this, measurements of pavement shape should
be collected, as well as surface deterioration, if possible.
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Table 3: Practical considerations for measurements
Measure

Advantage of including this data

Practical challenges in obtaining this
data

Pavement
deflection

Directly related to the structural
strength of the pavement.

Challenging to obtain network-level data
(TSD only high speed device currently
available). Relatively expensive).
Requires knowledge of pavement
structure.
TSD is based on an HGV, so too large
to use on narrow roads and may not be
able to safely survey on the outer lanes
of motorways (e.g. in the UK, it is illegal
for an HGV to travel in a lane other than
the nearside and the adjoining lane).

Pavement
structure

Used to complement deflection data,
to determine pavement strength.
Can be provided at a network level
by GPR.
Project level GPR surveys will help
to determine whether cracks are
surface level or structural.

Interpreting GPR data is time consuming
and requires expert analysts.
It is
therefore relatively expensive.
Invasive procedures, such as coring are
needed to ensure a high level of data
accuracy.

Pavement
shape

Well established measurement and
relatively easy to collect on a
network level. Equipment can be
fitted onto any size of vehicle, so can
be used anywhere on the network.
Can sometimes be used to imply
pavement durability.
Can also be used to assess the
service quality and safety offered by
the road (HeRoad).
Relatively cheap survey.

Does not directly relate to the structural
strength of the pavement.
Not all issues with surface shape are
due to structural problems (e.g. nonstructural rutting): Some may be due
only to deterioration in the surface.

Surface
deterioration

Some surface defects can be caused
by problems with the pavement’s
structure, whilst others can cause
issues with the structure.
Treating surface deterioration is
useful for preventative maintenance.
Can be used to complement surveys
of shape.
Can also be used to assess the
service quality and safety offered by
the road (HeRoad).

Does not directly relate to the structural
strength of the pavement and can be
challenging to measure: Automatic
evaluation of images does not always
identify all defects, whilst manual
evaluation is very labour intensive.
Relatively expensive.
Not all surface deterioration is caused
by structural problems: Some may only
be due problems with the surface.
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A further practical constraint that should be considered is the ability of survey contractors to
implement multiple measurement technologies on the same survey vehicle. It has become
common practice in Europe to produce survey vehicles which include several measurement
devices, such as:





“Profilometers”: these devices typically include the measurement of longitudinal and
transverse profile, hence incorporating the requirements of HiSPEQ2, HiSPEQ3 and
HiSPEQ4
Multifunction devices: these devices typically include the functionality of the
profilometer (measurement of longitudinal and transverse profile) and the
measurement of surface deterioration (images), hence incorporating the requirements
of HiSPEQ2, HiSPEQ3, HiSPEQ4 and HiSPEQ5
High speed structural assessment: There are examples of TSD systems which
include the measurement of structure using GPR (incorporating the requirements of
HiSPEQ2, HiSPEQ6 and HiSPEQ7) and a TSD which includes the measurement of
surface shape and images (incorporating the requirements of HiSPEQ2, HiSPEQ3,
HiSPEQ4 and HiSPEQ5 and HiSPEQ7).

Therefore when specifying the requirements for your survey it may be appropriate to group
together measurements because the survey industry is already able to provide devices that
meet these demands. This is especially the case for the first two of the above devices.
HiSPEQ1: 5.2.4 Should measured or processed data be delivered?
Measured data is the data provided by the survey equipment, for example, images,
transverse profile, temperature. It is not raw data, as some processing may have been
applied. For example, laser measurement systems may make use of optical triangulation to
determine the distance of the laser from the target (Example 4), and for a GM system, this
laser distance measurement is then combined with accelerometer data to produce
longitudinal profile (Example 5). The Doppler lasers on the TSD measure similarly but the
raw data in this case is used to calculate the velocity of the movement of the pavement
surface.
The processed data is the parameters that are calculated from the measured data e.g. rut
depths, ride quality, deflection. To show this relationship the different stages of processing
survey data are shown in Figure 3.
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Example 4: Optical triangulation
Displacement laser sensors measure the time taken for the pulse of light that they emit to reflect off
the target and be returned to the sensor. This time, plus knowing the constant speed of light, then
makes it possible to calculate the distance travelled. However, this method of measurement does not
result in very accurate results when the light source is not perpendicular to the surface measured – a
situation often when surveying a texture surface at high speed. To overcome this, optical triangulation
is often used.
When the laser beam hits a surface, a scattered reflection occurs. In triangulation (e.g. Selcom
lasers), this reflection is viewed by a camera and the image of the spot is focused on a sensitive
detector. The centre of gravity of the image is determined, and this information is used to determine
where the actual spot (and the target) is, thus allowing a more accurate measurement of distance. The
laser system will collect many raw data values associated with the position of the laser spot (etc.) in
order to determine the height, which is delivered as the measured data.

Figure 1: Principle of optical triangulation, taken from
http://downloads.lmi3d.com/system/files/Selcom/documents/Optocator%20
Series/optocator_new_ppu1.pdf

Example 5: GM principle of longitudinal profile measurement
As a vehicle travels along a road, the unevenness on the pavement surface will cause it to move
relative to the surface e.g. vibrations, bouncing. If a distance measuring laser was used on its own,
then this vehicle movement would be included in the longitudinal profile i.e. the longitudinal profile
would not be a true representation of the shape of the pavement surface. With the GM principle of
longitudinal profile measurement, an accelerometer is used to determine the movement of the vehicle
(known as the inertial reference) and this is used to correct the distance measured by the laser (“Little
Book of Profiling, Sayers and Karamihas, http://www.umtri.umich.edu/content/LittleBook98R.pdf). A
large amount of raw data will be collected associated with the inertial sensors and the laser in order to
calculate the pavement profile, which is reported as the measured data.
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Figure 2: GM principle of longitudinal measurement

Raw data

Process

Measured data

Process

Parameters

Figure 3: The different stages of processing survey data
In most cases the raw data is not required for network level surveys. It is typically used to
support research and development programmes for the development of the equipment itself
or to develop improvements in the quality of the data. It is suggested that network surveys
are limited to delivery of the measured and processed data. There are a number of options
as to what you might require the survey contractor to deliver, which include:
 Only measured data
 Only processed data (parameters) or
 Both measured and processed data.
These options are discussed in the table below.
Note: Section HiSPEQ1: 5.2 of the specification is only introducing the parameters required,
the specific requirement for the measurements and/or parameters required will be refined
in the relevant HiSPEQ specification documents (HiSPEQ3, HiSPEQ4, HiSPEQ5,
HiSPEQ6 and HiSPEQ7). Therefore those documents should be referenced here (e.g. if
transverse profile or rutting is required, reference HiSPEQ3 in this document and then use
the HiSPEQ3 template to set the requirements for these measurements/this parameter
e.g. reporting length, width of transverse profile, number of measurement points).
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Contractor delivers only measured data

Advantages:


The administration can process this
data itself to obtain the parameters
Measured data
Contractor
used (would ensure consistency of
calculation if any data is provided by
a different contractor and excludes
the possibility of the contractor
calculating parameters incorrectly).
Process
Data storage

If the administration’s requirements
change e.g. a different reporting
Optional
length,
introducing
another
parameter;
then
the
historical
Road owner/
Parameters
measurement data can be used to
survey
back-calculate the parameters for
commissioner
previous
surveys,
ensuring
historical consistency for the
Pavement Management System
processed data.
 If an issue is identified with the data
during any quality assurance,
checking, the measured data can be used to determine how much delivered data has been
affected by the issue, thus enabling the road administration to be able to request the survey
contractor to re-survey the affected lengths.
Disadvantages:
 The data requires large amounts of storage. For example, if 25 points are measured in each
transverse profile, and a profile is delivered for every 0.1m travelled, then 2500 data points will be
delivered for each 10m on your network, compared with just 2 or 3 rutting values for the same
length (assuming that the rut depth is calculated in the nearside and offside wheel paths and that
the reporting length is 10m).
 The road administration needs to define and procure (or develop) the software required to
calculate any parameters needed.
Contractor delivers only parameters

Advantages:
 Less
storage
required
for
parameters than measured data.
 The authority does not need to
source/commission
processing
software.

Measured data

Process

Contractor

Parameters

Pavement Management System
Road owner/survey commissioner



Disadvantages:
 The road administration will not be
able to guarantee consistency in the
calculation of the parameters, as
the current contractor may perform
the calculation slightly differently to
the previous contractor, or may
even implement the parameter
calculation incorrectly.
 A test on the parameter calculation
will need to be included in the
accreditation, to ensure that the
contractor
is
calculating
the
parameters correctly.

If the requirements for the data change e.g. need a different reporting length, or another
parameter; this cannot be applied to previous data,
If an issue is identified with the data during quality assurance checking it is difficult to pinpoint and
resolve the issue.

HiSPEQ1-32

Contractor delivers measured data and parameters

Advantages:


Measured data


Process

Contractor


Parameters

Data storage
Optional

Pavement
Management
System



Road owner/survey commissioner



Since the contractor provides the
parameters, the road administration
can choose whether to also process
the measured data themselves.
Only if the road administration
chooses to calculate the parameters
themselves would they need to
source or commission processing
software.
If the requirements for the data
change e.g. the road administration
want to use a different reporting
length,
to
introduce
another
parameter; then the historical
measurement data can be used to
back-calculate the parameters for
previous surveys, thus ensuring
historical consistency for the
processed data.
If an issue is identified with the data
during any quality assurance
checking, the measured data can
be used to determine how much
delivered data has been affected by
to request the survey contractor to re-

the issue, thus enabling the road administration to be able
survey the affected lengths.
The contractor can store the measured data and provide this to the road administration access to
it, whenever requested, removing the need for the road administration to store large amounts of
data.

Disadvantages:



If the road administration chooses to store the measured data themselves, this will require large
amounts of storage.
If only the contractor calculates the parameters, the road administration will not be able to
guarantee consistency in the calculation of the parameters, as the current contractor may perform
the calculation slightly differently to the previous contractor, or may even implement the
parameter calculation incorrectly. In this case, a test on the parameter calculation will need to be
included in the accreditation, to ensure that the contractor is calculating the parameters correctly.
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HiSPEQ1: 5.3

Data format

Defining the data delivery is an important component of the specification. The data must be
delivered such that all the measured data and the parameters are easily located with
reference to the network surveyed. Typically this is achieved through the provision of data
files that report the data against distance travelled in the survey (or the section), data files will
also be provided that relate the data to the geographical coordinates at which it was
collected.
In the absence of a specified format different contractors may deliver the data in different
formats, e.g. a recognised standard format, their proprietary (in-house) format, or a format
specified by previous customers.
The consideration of the data format is therefore an important part of defining the
specification. This will avoid receiving data in different formats from different contractors, and
will reduce the effort required for loading the data into any database or PMS. Therefore this
section of the specification should be used to define the specific data file format
requirements. Whether the administration wishes to receive all data in just one file, or
separate files will also need to be decided and should again be chosen to suit the type of
data and the way that it is to be used/stored.
Note: fully defining the requirements may require considerable amounts of additional
information. Therefore it will probably be practical to provide an outline of the core
requirements for file formats within section 5.3 of the specification, and to provide detailed
definitions separately. If enough core detail is provided within the section then the
administration may be able to provide the full definitions after the contract has been awarded.
However, it is essential that the contract include an allowance (in time) for the contractor to
develop their file generation system and to test the delivery of data to the administration’s
systems. Sufficient resource should be assigned within the administration to manage this
aspect of the survey contract.
HiSPEQ1: 5.3.1Standard formats
For the types of survey data provided by HiSPEQ surveys there are often few standard
formats, and these may not be appropriate for the delivery of network data. Formats that may
be worth consideration are discussed herein:
Location files: The NMEA standard format has been adopted for the delivery of coordinate
data (http://www.gpsinformation.org/dale/nmea.htm) from position measurement devices.
This format is focussed on technology providers and to assist devices communicate with
each other. On its own it is not useful for the delivery of location data unless it is modified or
enhanced to include other information that allows the data from different devices
(measurements) to be synchronised.
Profile data files: The Pavement Profile Standard File format (filename extension “ppf”) is a
binary-based file format created for ProVAL software that is widely used, particularly in the
USA, to process longitudinal profile data (http://www.roadprofile.com/). The ASTM
international profile data file specification, E2560, is based on this format.
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TSD Files: As there is currently a single supplier of the TSD, it is likely that the initial data
offering from TSD surveys will be in the proprietary format. The first/second generation TSD
machines deliver data in a binary file produced during testing. Dedicated post processing
software unpacks the binary file and creates one or more results files (in text or spreadsheet
format) containing, among others:






Chainage
Temperature (air and road)
Individual deflection slopes
Structural curvature index
Maximum deflection under load.

The data reporting frequency can be selected by the user in the post processing software,
and the number of parameters to be included in the file can also be specified by the user.
Using the data in the results files, the user can load data into any Pavement or Asset
Management System. For an example of TSD data format see Case Study 14.
GPR files: There are currently no common formats for GPR data across the different
equipment manufacturers. Thus, the survey commissioner may need to consider whether a
file format would need to be specified if the survey contractor is not performing the data
interpretation. If the survey contractor does perform the data interpretation, the survey
commissioner will just need to determine what format the processed data should be
delivered in.
Image files: There are number of well-established image file formats e.g. jpg, gif, bmp;
therefore there is no need to develop anything new for this data type. However, there may
be a need to specify whether full resolution or compressed images should be delivered.
Experience has shown that a compressed image (e.g. 70% quality jpeg) is good enough for
general manual evaluation. However, uncompressed images are needed if automatic
evaluation is to be performed.
Case Study 14: TSD data format
For the UK TSD, the raw data is provided by the Greenwood system in six text files in addition to a
further five files from the location system. The files include outputs from the different systems on-board
the TSD, including GPS, Doppler sensors, time, distance travelled, temperature of air and pavement
etc.
This raw data cannot be directly loaded into Highways England’s pavement management system
(HAPMS) and therefore needs to be converted into the correct format. This is achieved in two stages.
Firstly the data is collated and ordered into the Raw Condition Data “RCD” format. RCD files contains
Survey “header” data (e.g. date and time of survey), Location data, Geometric data, Longitudinal
profile and speed data (at 0.1m spacing), Slope data (at 0.1m spacing), Data Rate data (at 10m
spacing), Air and pavement temperature data (at 1km spacing), Tyre pressure and temperature and
beam temperature data (at 1km spacing).
The RCD file is then processed by software, owned by Highways England, to produce the parameter
data, which is reported as a Base Condition Data “BCD” file. The BCD file contains Survey “header”
data (e.g. survey date and time), Parameters used in processing, 3D spatial Co-ordinates, chainage
and associated parameter values, Section labels, and lanes surveyed. For TSD data, the parameter
data included is 3m, 10m and 30m eLPV (ride quality measures used in the UK), TSD slope data from
individual Doppler lasers, road surface and air temperature and vehicle speed, each reported at 10m
spacing.
The BCD file can then be loaded directly into the pavement management system.
Examples of the RCD and BCD file format specifications are given on the HiSPEQ website
(www.hispeq.com).
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Case Study 15: GPR data format required in California
The data files uploaded to the Department shall contain data items separated by commas. If a data
item contains a comma, the entire data item shall be enclosed by double quotes. A data file shall
contain data for a single lane only.
The following data shall be contained in the data files:
 As part of the file header:
o County
o Route identification in ASCII string format
o Route/travel direction (e.g. “North”) in ASCII string format
o Lane number in integer format
o Start and ending distances in metres, with one decimal place, from the county boundary or
beginning of the route.
 As part of each data line entry:
o Event code in ASCII string format
o Distance measured using the DMI in metres, to one decimal place
o Distance calculated using the georeferenced data, in metres to one decimal place
o Geographic coordinates in latitude, longitude, altitude, using NAD83 in decimal degrees with 2
decimal places for altitude and 8 decimal places for the others
o HDOP value for the GPS measurement with 1 decimal place
o Two-way travel time, in nanoseconds from transmitter to receiver, to base of layer, using 3
decimal places
o Number of pavement layers in integer format
o Pavement layer type in ASCII string format
o Pavement layer thickness in mm, no decimal places.
For any value of two-way travel time, pavement layer thickness or depth that cannot be determined, a
value of -999.999 shall be entered.

HiSPEQ1: 5.3.2Bespoke formats
Given that the use of standard formats is unlikely to be sufficient to meet all the needs of the
data delivery, it is recommended that:



For measured data in particular the administration defines a bespoke format that can
easily be input any software used to process this data to obtain the parameters.
For the parameters in particular the administration defines a bespoke format that can
easily be input into any database currently used by the administration.

For cost efficiency, and to allow contractors more flexibility in delivering data across different
administrations, HiSPEQ suggests there would be benefit in developing a “broadly
transferrable” data format. The concept of a “broadly transferrable” format is that, whilst
having some customisation for each administration, the core components of the format
remain the same (e.g. the file layout, metadata to be included in the file, level of detail etc.)
Suggested transferrable format for measured data: Although the use of databases and
.xml files is currently very popular, due to the amount of data likely to be delivered during a
contract, it is likely that if these formats were used for the measured data, an administrations’
computer system will not be able to cope with the size of the files generated, thus preventing
accessing and use of the data. Similarly, use of plain text files e.g. a comma separated
values (csv) file, may result in files that are too large to open and manipulate. If this is the
case, the use of binary files is recommended. Case Study 16 includes examples of the size
of files that may be expected. Only one format for files containing measured data was
identified (see Example 6): plain text files.
Suggested transferrable format for parameters: Since the amount of parameter data
produced is likely to be significantly less than the amount of measured data, the use of
databases, text files and .xml files is likely to be appropriate to use for your parameter data.
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Case Study 16 contains examples of the size of files that might be expected, whilst Case
Study 17 shows the length of time take to load parameter (processed) data into a database.
Example 6 lists the types of file formats used in a few countries in Europe. As can be seen,
three countries use CSV files, two XML and one SGML.
Example 6
Country

Format
used
measured data

for

Sweden

N/A

Based on XML

Austria

N/A

Access tabular format (essentially CSV)

Germany

N/A

XML type format

Netherlands

N/A

Format used for parameter data
1
2

2

SGML-format

UK

Fixed width text file

Slovenia

N/A

3

Comma separated values (CSV)

4

Access tabular format (essentially CSV)

5

1

Specification (in Swedish) and summary (in English) available on HiSPEQ website
Specifications available on HiSPEQ website (http://www.hispeq.com)
3
For local roads a specification for the measured data file format (“RCD”) is given in Section 7 of
Volume 5 of the SCANNER specification
http://www.pcis.org.uk/iimni/UserFiles/Applications/Documents/Downloads/Archive/Superceded%20
SCANNER%20Specifications/SCANNER%20Specification%20Volume%205%20October%202009.p
df
For strategic (primary) roads (RCD format) an example is given on the HiSPEQ website. Note, this
is slightly different to the RCD file format used for local roads
4
For local roads (HMDIF format):
http://www.pcis.org.uk/iimni/UserFiles/Applications/Documents/Downloads/SCANNER%20and%20T
TS/hmdif/071v0111.pdf
For strategic (primary) roads (BCD format) an example is given on the HiSPEQ website
5
Specification available on HiSPEQ website (http://www.hispeq.com)
2

Case Study 16: File size
A survey of 33.5km of a motorway in the UK results in the following file sizes for the measured data
and the parameters (all measured data and all parameter data is contained in the files). As can be
seen, the measured data file is almost 300 times the size of the parameter file.
Data

File size

Measured data

539,383 KB

Processed data (parameters)

1,846 KB

Altogether, in the Swedish PMS database (PMSv3), there is approximately 100 GB (MySQL.) of data,
which includes processed data from 1987 to 2014.
The Zipped so called VYM-files (the specified format that the processed data should be delivered in)
for one "standard” year’s survey data is approximately 6 GB. Unpacked it is 8 to 10 times more.
In addition to the processed data, digital images, taken each 20 meter of road, are collected, each
being 200-250 kb in size. The images constitute the largest storing size in the database: Images for 50
000 km of road require approximately 500 Gb for storage.
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Case Study 17: Length of time taken to load text files into a database and
subsequently process the data
In a particular state the processed data (i.e. parameters), from surveys of the local road network are
delivered to the road authority using plain text files, with the data location referenced using 3D spatial
coordinates and distance measurements. These files are then uploaded into a SQL server database,
the data fitted to the road network, labelled as urban or rural and then processed to obtain indicators
for the road network condition. The following table gives an idea of the length of time required to do
this for a small and a large road network.
Time taken to…
Survey size

Data file
size

Load data

Fit data to
network

Assign
urban/rural

Calculate condition
indicators

Small (50km)

11Mb

0.5 hours

1 hour

0.75 hours

0.25 hours

Large (4000km)

952Mb

18 hours

5 hours

3.75 hours

7 hours

.
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HiSPEQ1: 6

Ensuring data quality

Because of the complexity of collecting and delivering the survey data there can be problems
obtaining accurate, high quality and consistent measurements across different survey
devices and different networks. Indeed, there are many examples, from established high
speed condition survey regimes, of delivered data being inconsistent between devices (either
owned by the same survey contractor, or a different one), and delivered data not being
accurate, despite a high level equipment specification. There are also examples of the data
quality deteriorating, or changing through the duration of a survey contract, due to wear of
the equipment. These are presented as case studies in this part of the guidance document to
help administrations benefit from this previous experience.
The experience gained from these well-established survey regimes suggest that there is a
great need for both Accreditation of survey equipment and continuing Quality Assurance, in
order to obtain confidence in, and value from, the data delivered from network surveys.
HiSPEQ recommends the inclusion of Accreditation for all surveys.
Who assesses the performance of the equipment during the Accreditation will also need to
be considered. There are at least three options and these are shown, along with the relative
pros and cons, in Table 4.
HiSPEQ recommends the use of an independent auditor for accreditation testing.
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Table 4: Assessing the quality of data
Who assesses
the
performance?

Contractor

Advantages

The survey commissioner does not
need to have a good technical
understanding of the data being
delivered, nor of the equipment being
used.

The survey commissioner will have to
either rely on the honesty of the
contractor,
when
reporting
their
performance, or independently check
the results. The latter will require some
knowledge and understanding of the
data and the equipment by the survey
commissioner.
The survey commissioner will also have
to rely on the contractor to fix any
issues
identified,
and
to
take
appropriate action if any tests are
failed.

No extra cost associated

Survey
commissioner

Disadvantages

No extra external costs incurred
Enables independent checking

Survey commissioner must have staff
resources available to carry out the
checks.
Need
for
a
good
technical
understanding of the data being
delivered, and also of the equipment
being used.

Enables independent checking, by an
expert body.

Independent
Auditor

The survey commissioner does not
need to have a good technical
understanding of the data being
delivered, nor of the equipment being
used.
The auditor can perform an advocacy
role if there are problems and may also
be able to help the contractor to resolve
any issues more quickly.

Such an organisation may not be
available.
Extra cost associated (although this
may be balanced by the benefit of
ensuring data quality).

Whether to commission QA tests will depend on the duration and size of the survey contract:
For a large and long lasting survey contracts regular Accreditation and QA testing is
important to ensure data quality throughout the duration of the contract. However, for a
smaller contract, for example, the survey of motorways in Morocco (2 month duration,
1000km network), it may be expected that the equipment would not deteriorate much
between the beginning and end of surveying.
HiSPEQ recommends that QA testing is included for any survey that is commissioned,
with 3 months or more duration and requiring more than 2000km to be surveyed.
The body to assess the performance of the equipment during the QA tests will also need to
be determined. Since some QA tests may be very frequently applied (e.g. daily checks) it
would not be practical for these to be carried out by a third party. However, there may also
be a requirement for more in depth, less frequent checks, carried out by an auditor (the pros
and cons of using/not using an auditor are discussed in Table 4). The QA regime and the QA
checking body should therefore be defined as appropriate,
HiSPEQ recommends that the contractor assesses their performance via QA tests and
that the results of these are independently audited.
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Road condition measurement can be divided into four major risk sources of error, see Figure
411. A valid indicator must be specified and used. The indicator must be measureable and
reliably implemented into the software and hardware. The operator of the measuring
equipment as well as the user of the data and the data manager must be skilled enough.
Defining and specifying the data is important12.
HiSPEQ recommends that the quality of the survey contractor is tested in addition to
the quality of the data.

Figure 4: Major sources of uncertainty for condition measurement

HiSPEQ1: 6.1

Quality of the survey contractor

This section is included so that the administration can define any minimum specific QA
requirements that the contractor should meet. Its focus is on the implementation of
processes and regimes that should assist in the delivery of good quality data. However, this
section is not focussing on the data itself, as this will be subject to the requirements of
section HiSPEQ1: 6.2.


Any requirements for the contactor to provide survey services under a standard
nationally or internationally recognised quality management system should be stated
at the beginning of this section. A few examples of the quality management systems
to be considered are given in the specification template:
o BS5750 is the British Standard on "Quality Systems". Its equivalent in
European Standards is EN29000 and in the International Standards
Organisation ISO9000.
o ISO 14001 is the principal management system standard which specifies the
requirements for the formulation and maintenance of an Environmental
Management System. This helps to control a company’s environmental
aspects, reduce impacts and ensure legal compliance.
o ISO 9001 is the key internationally agreed standard for quality management
systems. The four elements of the standard are: Management responsibility,
Resource management, Product realisation and Measurement, analysis and
improvement.
o ISO 9004 goes beyond ISO 9001 and provides guidance on how a company
can continually improve its business' quality management system. It also
contains information on managing for sustained success.
Whilst it is good for the survey contractor to have a quality management system in
place, which adheres to these standards, under these processes there is a risk that

11

Blue Guide – Appendix B.2 (2015): “State of the art in monitoring road condition and road/vehicle
interaction”. Working Group 4.2.1 of the Technical committee 4.2 Road Pavements of the World
Association (PIARC)
12

WERD (2003): “Data management for road administrations: A best practice guide”. Western
European Road Directors (WERD)
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the contractor will specify a regime that does not actually assess the performance of
the equipment in terms of its actual real world measurements13.
The competency of the survey equipment driver and the equipment operator can
affect both the survey team’s ability to perform effective surveys and the quality of the
data that is delivered. Even if the survey equipment can measure transverse profile
extremely accurately, if the driver does not adhere to the correct driving line (e.g. if
they drive with one pair of wheels on the very edge of the lane), then the rut depths
calculated from the data will not necessarily match those collected during a manual
survey. Similarly, if the operator does not check the data properly, before processing,
this can lead to poor quality data being delivered. The risk of this can be reduced by
requiring an experienced crew (Case Study 18) or by including a test of crew
competency in the accreditation testing. HiSPEQ recommends testing the crew
during accreditation: Case Study 19 highlights the need for survey crew competency
tests, whilst Case Study 20 shows the improvements in performance that can be
gained through crew training.

Case Study 18: Crew requirements used in Slovenia
Project leader: Service provider must provide a responsible project leader which fulfils the following
criteria:
-

-

Experience with at least two similar projects (in extent, in funding etc.) / list of reference
projects to be provided, with description, total project value etc. signed by the client of the
project
Project leader is an employee of the service provider / certificate of employment to be
provided
Education level (specified by client, usually it would be B.Sc. or higher) / evidence of
qualification (diploma etc.) to be provided

Project group members: Client usually requires one or more additional project group members
(depending on the amount of the work, complexity etc.) and for each the following criteria:
-

-

Minimal number of project group members, specifically for the measurement part and for the
analysis of results
Experience of at least XX years of work with similar projects (in extent, in funding etc.) / list of
reference projects to be provided, with description, total project value etc. signed by the client
of the project
Group member is an employee of the service provider / certificate of employment to be
provided
Education level with the field of expertise (civil engineer, mechanical engineer, informatics
etc.) skills for the measurement part and for the analysis of results / evidence of qualification
(diploma etc.) to be provided.

13

D. J. Pratt (1995): “British Standard (BS) 5750 - quality assurance?”. Prosthetics and Orthotics
International, 1995, 19, 31-36 http://www.oandplibrary.org/poi/pdf/1995_01_031.pdf
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Case Study 19: Effect of survey crew on data
During accreditation testing of survey equipment in the UK, it was found that there were quite large
variations in the distance measured, particularly when surveying on bends, due to different driving
lines being taken by the crew.
The following graph shows the average distance and the standard deviation of the distances
measured by eight different survey vehicles, each performing twelve repeat surveys on a straight,
290m long, section of a test track. As can be seen, the systems are repeatable and the fleet is
consistent for this length, with the average lengths all being within 1m of each other and the maximum
standard deviation for any vehicle being 0.2m.

Average distance and standard
deviation from 12 repeat surveys
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However, this is in contrast to the measurement of distance on a 246m long section of the test track
containing two curves. The individual vehicles are less repeatable, with the maximum standard
deviation being 1.0m.The fleet is also less consistent, with the average lengths being within 3m of
each other.

Average distance and standard
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7

8

Case Study 20: Effect of training on survey crew
The following graphs show the effect of training on survey crews: The green lines on the graphs are
the painted reference line that the operator should follow, whilst the blue lines show the performance.
The top graph is the performance in 1996, whilst the bottom is in 2000, after training. (Taken from VTI
notat 38A-2004, “Qualification of road surface monitoring services in Sweden,1996-2000”).
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HiSPEQ1: 6.2

Quality of the survey data

HiSPEQ1: 6.2.1 Accreditation testing
Each component of a measurement system will have an associated error (i.e. bias and
random error in the data) e.g. the lasers used to measure the transverse profile will only be
able to measure the distance from the vehicle to the pavement surface to within xmm of the
actual distance. The survey contractor will have chosen equipment that should meet the
requirements of the specification (based on data from the equipment manufacturer).
However, the accuracy performance provided by the equipment manufacturer may have
been determined in laboratory conditions, not when the equipment is fixed onto a survey
vehicle, travelling at 70km/h. Thus, it may be that, whilst the equipment appears to be
capable of measurements to a level of accuracy that you need, this may not be the case
once it is installed on the survey equipment and used under survey conditions.
Therefore, there is a need to check how well the survey equipment performs, before allowing
surveys to commence on the network. This is called Accreditation. It is usually achieved by
requiring that the survey contractor surveys sites, for which you know the locations,
distances, rut depths etc., and testing whether the survey equipment returns similar values.
It is recommended that any contractor, their survey equipment and the data delivered should,
at a minimum, be subjected to an accreditation test before the survey commences.
It is suggested that the specification include specific technical details of the accreditation
requirements for the delivered measurements and/or parameters. These detailed
requirements should be included with the data requirements (e.g. in HiSPEQ4 for longitudinal
profile). These should be referenced here. All five documents have been listed in the
specification template. Delete them as appropriate to the specification.
HiSPEQ1: 6.2.2 Calibration
Most of the equipment used does not provide direct measurements. For example:
 Some laser sensors record a voltage, which is then converted into distance
measured;
 Some accelerometers record voltages, which can be converted into accelerations;
 Some distance encoders count how many revolutions a wheel makes. This, plus
knowledge of the circumference of the wheel, is then converted into distance
travelled.
Whilst most equipment is provided with a calibration certificate from the manufacture, some
equipment’s performance can change over time because of the stresses and strains endured
during surveying. For such equipment, there is a need to ensure that the recorded
measurements are converted to the correct value for the required measurement i.e. that
voltages recorded by a laser are converted correctly to distance. This is known as
calibration (Case Study 21).
The survey contractor should be required to implement regular calibration of their equipment
(where appropriate). This should be performed regularly or according to the schedule
recommended by the manufacturer.
Case Study 21: Calibration of lasers
Fixed or scanning laser sensors can be calibrated by placing a perfectly horizontal and smooth
surface, at a known distance, beneath the laser. The horizontal surface can be provided by a
specially designed container filled with milk or a smooth bar, placed on a flat floor with feet that allow it
to be adjusted to horizontal.

HiSPEQ1-45

HiSPEQ1: 6.2.3 What data to test during accreditation
Accreditation tests usually compare the data from the contractor with the “true” values
provided on a test site(s) using a reference device. It is generally more difficult to assess the
quality of the measured data (e.g. the transverse profile), than to test the parameters (e.g.
the rutting). Tests on the measured data require more detailed reference measurements
(often collected at slow speed or using manual methods). Administrations may therefore
choose not to include tests of measured data in the accreditation. However, it is noted that
tests of the parameters alone may result in the accreditation test missing certain equipment
characteristics that affect the quality of the network data (Case Study 22).
It is recommended that, as a minimum, the accreditation include tests for the quality of the
parameters (either delivered, or calculated from delivered data). It would be beneficial if the
quality of the measured data is also tested, at least during the first accreditation test. This will
help identify equipment that might not be able to correctly measure in all circumstances.
Case Study 22: Need to test measured data
A significant increase in roughness (~14%) occurred across the New Zealand state highway network
when a new contractor was engaged in 1997. This was despite both contractors meeting the
requirements of the existing validation criteria (a test carried out on the ride quality parameter alone).
This failure to spot a technical problem when only using the parameters has resulted in the expansion
of the New Zealand trials to include tests on longitudinal profile being developed (T Martin, L
Choummanivong and R Wix: “Practical application of an alternative roughness profile validation
technique”, Austroads Technical Report AP-T284-14).

HiSPEQ1: 6.2.4What properties to test during accreditation
Accuracy, system repeatability and fleet consistency: There are different ways in which
equipment can perform, in terms of accuracy and repeatability, as shown in Figure 5.

Figure 5: Accuracy and repeatability performance
Experience suggests that most survey equipment is more repeatable than it is accurate and
thus it is recommended that the accuracy of the data is always tested during accreditation.
However, it would also be beneficial to test system repeatability, as, whilst it can be loosely
implied from the accuracy tests and, as stated, the equipment is likely to be fairly repeatable,
it cannot be guaranteed. In theory, it would be possible for an inconsistent device to pass an
accreditation test if only tested for accuracy, as shown in Example 7.
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Example 7
It is possible that a device might be able to pass
the accuracy tests but not actually deliver
consistent data. For example, a length of road
may have a rut depth of 6mm. If we require
rutting accuracy of ±3mm (which is the UK
requirement on local roads), the device could
deliver rut depths of 8.9mm and 3.1mm for that
same length and pass the test. However, it would
have delivered two measurements of rut depth
that were 5.8mm different i.e. not consistent. The
risk of this can be reduced by specifying a
repeatability test with tighter requirements than
specified for accuracy.

Similarly, if more than one vehicle is used to survey the network, the fleet consistency can be
implied from a test of accuracy but you may wish to also specifically test for fleet consistency,
especially if multiple contractors are employed or the equipment used is different for each
vehicle.
Testing for the effect of speed and acceleration on the measurements: The accuracy of
the measurements may be affected by the speed of the vehicle, either because the
measurement systems do not function well at low speeds, or the speed is too high for the
system to provide sufficient measurement points.





Measurements known to be affected:
o Longitudinal profile from GM system (longitudinal profile from a GM system is
also known to be affected by heavy acceleration or deceleration);
o TSD data.
Measurements that may be affected, but depends on the specific equipment used:
o Images.
Measurements not usually affected:
o Longitudinal profile from HRM system;
o Transverse profile;
o GPR.

Where the measurements are known to be affected by speed or acceleration, tests should be
included in the accreditation, which determine the range of speeds and/or acceleration for
which reliable data can be obtained. For measurements not usually affected by survey
speed, it would still be recommended that these tests are performed during the first
accreditation test, to enable the sensitivity of the measure to speed to be determined.
The tests could include repeat surveys of a site




At constant speeds, which represent the range of speeds likely to be encountered on
the road network being surveyed e.g. 10km/h, 20km/h, 30 km/h, 40 km/h, 60 km/h
and 80km/h.
Including a length of acceleration e.g. 0.5, 1.0, 1.5, 2.0, 2.5 m/s2.
Including a length of deceleration e.g. 0.5, 1.0, 1.5, 2.0, 2.5 m/s2.

HiSPEQ1: 6.2.5What data to use during accreditation
There is a need to determine how the tests will be performed during accreditation i.e. will the
tests involve static tests, surveys of test tracks or private road networks, surveys of the road
network.
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It is likely that reference measurement data will be provided by a manual or slow speed
method e.g. coring, Deflectograph, ARRB walking profiler. Therefore, if the performance of
measurement data is being assessed, we would recommend surveys of a test track or a
private road network, to ensure the safety of the operators and minimum disruption to other
road users. Static tests can also be useful to demonstrate the equipment’s ability to measure
certain properties (e.g. transverse profile) and, where this is the case, descriptions of these
have been included in the individual documents (i.e. HiSPEQ 2 to 7).
Static tests do not demonstrate the equipment’s ability to survey under normal survey
conditions and often surveys of test tracks are performed under very controlled conditions.
Therefore, if possible, tests of the performance of the parameters should be carried out on
specially chosen sites on the road network. These sites should include a range of conditions
that represent those found on the network. If it is not appropriate to perform surveys on the
network e.g. if the reference data is being provided by a slow speed method, then surveys of
a test track would suffice.
As mentioned above, it would be beneficial to test for the effect of speed on the data. Since
this may require the vehicle to survey at speeds outside of the usual range of traffic speed
(i.e. it may pose a hazard, or cause disruption to other road users), we would recommend
that these tests are carried out on a test track or private road network, where other road
users are not present, or where access to other vehicles can be controlled.
This is summarised in Table 5.

Table 5: Suggested test methods for accreditation
Being tested

Type of test

Measurement data

Test track or private road network sites for main tests
Static tests, if appropriate

Accuracy of Parameters

Road network sites if high speed reference data is used
Test track or private road network sites for detailed tests,
or where slow speed or manual reference data is used

Repeatability of Parameters

Road network sites

Effect of speed

Test track or private road network sites

Length of sites: What length should they survey for the tests?
It is recommended that the surveys of the test track or private road network are a minimum of
1km in length.
For the road network surveys, a minimum of 10km is recommended but it would be beneficial
for up to 100km to be surveyed. The sites chosen should be fairly representative of the
network being surveyed i.e. there should be no extremes of condition, road geometry, the
width of the roads are not abnormal for the network etc.
Repeat survey requirement: Multiple surveys of the same sites should be used to assess
the data: a minimum of two repeat surveys, per site should be used, with three repeat
surveys if the repeatability of the data is to be tested.
HiSPEQ1: 6.2.6 How often to perform accreditation
Any traffic-speed survey vehicle will be subject to wear and tear and the equipment is likely
to deteriorate over time. The type of deterioration and the rate at which it occurs will depend
on factors such as the type of equipment being used, how many kilometres of survey the
device completes in a year, the environment in which it surveys e.g. a hot, dusty environment
is likely to have a different effect on the equipment than a cold, wet environment. Ideally, the
frequency of accreditation would match the rate of deterioration of the equipment. However,
HiSPEQ1-48

as mentioned, there are many factors affecting the deterioration and therefore, regular reaccreditation would be recommended (Case Study 23).
How often re-accreditation occurs will depend on the duration of the contract, how large the
survey network is, and how rigorous the QA regime is. The more frequently that reaccreditation testing is carried out, the higher the chance that issues with data quality will be
spotted and the lower the amount of delivered data likely to be affected. However, reaccreditation takes time and effort and therefore this will need to be balanced with the risk of
poor quality data being delivered.
Case Study 23: LPV accreditation failure
In one survey it was found that a survey device had an issue with longitudinal profile/ride quality
measurement. Despite rigorous accreditation and QA processes, the issue only became apparent
once enough QA data had been collected. The device had been reporting slightly higher ride quality
measurements than other devices during accreditation tests but further investigations by the auditor
did not identify any unusual behaviour in the data, and therefore the device was initially deemed
satisfactory.
When the survey year was complete, the device was subjected to another accreditation test and the
data it had collected during the year compared to the previous year’s data. Both the accreditation and
the survey data were found to have values that were much higher than expected.
At this point, the survey contractor was instructed to immediately stop surveying with the device and to
investigate the ride quality measures. Further investigation of both the re-accreditation and survey
data showed that the device had an intermittent fault with its longitudinal profile measurement system
(due to a faulty connector), which resulted in high values in the ride quality measure for some surveys.
The auditor also carried out further checks of the device’s monthly QA. These showed that the fault
appeared to have been present for a significant length of time but that there was an increase in the
frequency of occurrence of the fault. The intermittent nature of the fault had caused it to remain
unidentifiable within the accreditation and QA tests, up until the point that it became frequent enough
to spot.
The extent of the issue resulted in the majority of survey data being rejected by the auditor and the
contractor was then required to re-survey the affected part of the network, once a fix had been applied
and the device re-accredited for use.

HiSPEQ1: 6.2.7 Process implemented on failure of accreditation
You will need to define what will happen if the survey equipment fails accreditation or reaccreditation and also the procedure that will be implemented in this circumstance. For
example, do you want the survey to start anyway but only deliver the
measurements/parameters for which accreditation has been successful? If they fail reaccreditation, do you want to discard any data delivered since the last successful
accreditation/re-accreditation? Is there a timescale within which you expect them to pass the
initial accreditation or to resolve any issues identified?
Case Study 24: Procedure on failure of Accreditation for California GPR surveys
Several sections are surveyed by the contractor, to obtain layer thickness and material information
(using GPR surveys). The stated requirements for accuracy of the thickness and material must be
met for each section before the contractor can start to survey.
If any of the sections are rejected, the contractor must make changes to correct for the discrepancies
causing the failure. They must then provide a statement to the Department explaining the changes
made.
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Example 8
If the device fails accreditation, then the contractor should make all efforts to identify what might have
caused this failure, and address the issue. The device will then be subjected to a further full
accreditation, with all costs for this being covered by the contractor. Subsequent tests will only be
carried out for the measurements, or parameters which have previously failed the accreditation test.
If the accreditation test is failed 3 times, or a period of three months is exceeded, without a successful
accreditation test being achieved, then, at the survey commissioner’s discretion, the contract may be
terminated and let to a new survey contractor.
If a re-accreditation test is failed, then the contractor will be expected to make all efforts to identify
what might have caused this failure, and address the issue. The device will then be subjected to a reaccreditation test only for the measurements/parameters that failed. An investigation will be carried out
by the contractor to identify how much of the delivered data (collected since the previous successful
accreditation or re-accreditation test) has been affected. This data will then be removed from the PMS
and the contractor will be expected to implement a plan to re-survey the lengths affected and deliver
this data.

Yes
Accreditation

Pass?

Start surveying

No

Contractor to
identify cause of
failure and fix

Number
of times
failed?

<3

≥3
Terminate
contract?

Yes
Re-accreditation

Pass?

No
Contractor to
identify cause of
failure and fix

<2

Number
of times
failed?

≥2
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Continue
surveying

HiSPEQ1: 6.2.8 Other circumstances requiring accreditation
Road administrations should define in what circumstances an extra accreditation or reaccreditation would be required. For example, you may wish to request an accreditation test
if maintenance, affecting the measurement equipment, is carried out, or if a component of the
measurement equipment is replaced (Case Study 25).
Case Study 25: Effect of equipment changes on data
In one survey the survey contractor moved the roof mounted hazard beacons to a location that was
closer to their GPS antenna. It was assumed by the contractor that this was a change that was not
“notifiable” to the client as it was not associated with the measurement systems. However, the
beacons now interfered with the GPS antenna’s ability to receive GPS data. It resulted in very
inaccurate location measurements being delivered.

HiSPEQ1: 6.2.9 Quality Assurance
Quality assurance (QA) can be used to check the quality of the survey data in between
accreditation tests. A frequent and thorough QA regime should reliably identify issues with
data quality before significant lengths of poor data are delivered.
HiSPEQ1: 6.2.10
What data to test for QA
QA tests should be applied more frequently than accreditation tests, but will be less onerous
to complete.
For practicality it is recommended that the performance of the parameters (and images) is
tested.
HiSPEQ1: 6.2.11
What data to use for QA
QA tests should be performed using surveys of the road network, so that the tests are carried
out under the same conditions as regular surveying.
HiSPEQ1: 6.2.12
What properties to test during QA
The easiest aspect of data quality to check is system repeatability. This requires the survey
contractor to perform repeat surveys on lengths of the network that have been chosen by the
survey commissioner. Where more than one vehicle is used on the same network it is
desirable to check fleet consistency. This requires each survey equipment vehicle to survey
the same length of road, which may be impractical if the vehicles are spread around the
country. Thus, you may wish to check system repeatability within the QA tests more
frequently than accuracy or fleet consistency.
HiSPEQ1: 6.2.13
Frequency of QA testing
As with re-accreditation, the frequency with which a survey device is subjected to QA, will
determine how long it takes to identify issues with data quality, and hence the length of time
over which poor quality data might be delivered.
The survey commissioner and contractor need to consider their approach to risk and their
confidence in the stability of the survey device. QA testing should be spread evenly between
each accreditation test and can consist of both more frequent and less frequent tests e.g.
both daily and monthly tests. So that the contractor doesn’t spend all of their time completing
accreditation or QA tests, instead of surveying, the more frequent the test, the less onerous it
should be to complete. This may mean that some deliverables (e.g. images) are only tested
in the less frequent tests.
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Case Study 26: QA process for rutting, taken from SCANNER (UK non-primary road
network)
To ensure that survey equipment remains able to produce consistent and reliable results throughout
the year, between annual accreditation re-testing, the survey contractor must carry out checks based
on four levels of reference standard:
(a)
Contractor’s Calibration Site (used as required to regularly calibrate the survey equipment)
(b)
Primary reference sites (one or more sites that are surveyed at least once a month)
(c)
Secondary Reference Sites (one or more sites that are surveyed at least once every 7 days)
(d)
Daily test sites
The Primary site must be surveyed within 7 days of a survey at the Contractor’s Calibration Site, to
provide a reference data set for that survey equipment. When a primary site is re-surveyed, average
rut depths are calculated for the site and reported over 10m lengths. The required accuracy is
achieved if the 90% of the measured rut depths lie within 3mm of the reference rutting data for that
site.
When a secondary site is re-surveyed, average rut depths are calculated for the site and reported over
10m lengths. The required accuracy is achieved if the 85% of the measured rut depths lie within 3mm
of the reference rutting data for that site.
The required accuracy for a daily site is for 65% of the measured rut depths to lie within 3mm of the
reference rutting data for that site
The maximum error for any test survey should be ≤10mm.

Case Study 27: QA process for Swedish surveys
The Swedish road network is divided into areas. When the survey contractor has finished surveying
an area, they are required to re-survey approximately 5% of that area within a month of the first
survey. An independent reference device also surveys these lengths. No payment is made to the
contractor for the surveys until the QA test for that area has been passed.
Tests for reproducibility and repeatability are applied to the parameters as follows:
IRI values for each 400m in the repeat survey are calculated and the following is required for
reproducibility:




The correlation between these and the reference must be ≥0.9.
The systematic error must be within 0.1 mm/m
The size of the difference between the measured and reference values should be < 0.1 +
0.1*IRI mm/m.

For repeatability of IRI



Median is calculated of three runs: Maximum deviation from median should be within 8% or at
least 0.08 mm/m
Standard deviation of IRI20 is calculated for the three runs and the median run: Maximum
deviation from median should be within 20% or at least 0.20 mm/m.

Rut depth values for each 400m in the repeat survey are calculated and the following is required for
reproducibility:




The correlation between these and the reference must be ≥0.9
The systematic error must be within 0.5 mm
The size of the difference between the measured and reference values should be < 0.5 +
0.5*Rut.

For repeatability of rutting:



Median is calculated of three runs: Maximum deviation from median should be within 15% or
at least 0.04 mm
Standard deviation of is calculated for the three runs and the median run: Maximum deviation
from median should be within 25% or at least 0.5 mm.
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HiSPEQ1: 6.2.14
Procedure upon failure of QA test
What procedure should be followed if any of the QA tests are failed will need to be decided
and this should be stated in the specification. You will need to decide:






Whether to immediately stop the survey;
Whether to discard any data delivered since the last successful accreditation/reaccreditation;
The maximum length of time that the contractor will be allowed to fix the problem;
What you require the contractor to do to prove that the issue is fixed e.g. re-test of
the failed QA test, accreditation of the parameter/measurement for which there was
an issue.
Once surveys have resumed, will you require the contractor to re-survey any of the
lengths that may have been affected.

Case Study 28: Procedure on failure of QA tests for California GPR surveys
The survey shall be stopped if the Department determines from its Quality Assurance testing and
review of the data from the Blind and Follow-up Verification Sections that the contractor is not meeting
the quality requirements included in this Scope of Work. The contractor will not resume the survey
until the contractor provides satisfactory evidence that it can provide the required quality of data, of
which the Department will be the sole judge.

HiSPEQ1: 6.2.15
Checking the data from the accreditation and QA tests
Accreditation You will need to decide who will check the data collected from an
accreditation or re-accreditation and inform the contractor of this. There are three
recommended options for this:




Minimum: Contractor performs checks on data and provides a report to the survey
commissioner on the outcomes of the test, along with data used in the test (to allow
independent checking);
Better: Survey commissioner (administration) performs checks on data and provides
feedback to contractor (i.e. whether the test has been passed and which areas have
been failed/require improvement);
Best: Independent Auditor performs checks on data and provides feedback to
contractor and survey commissioner.

As can be seen, it is recommended that at least some independent checking is carried out
for the data, with the best options being those where the contractor is not involved in the
testing itself. If the survey commissioner checks the data, they will need to have a good
technical understanding of the data being delivered, and also of the equipment being used. If
they don’t have this, they may want to consider an independent auditor, who does have this
experience. Whilst removing the need for the survey commissioner to have in-depth
technical knowledge, the use of an independent auditor also has the advantage that the
auditor can perform an advocacy role if there are problems.
QA For the checks performed on QA test data, it is recommend that the contractor carries
out the checking and provides the results, and the data used in the test, to the survey
commissioner and/or the independent auditor.

HiSPEQ1: 7

Survey conditions

The conditions in which the surveys are carried out may affect the data that is delivered.
The following paragraphs list the different conditions known to affect surveys along with the
measurements likely to be affected.
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HiSPEQ1: 7.1

Driving line

The line that the vehicle takes when surveying a road can affect the parameters calculated
from the data. Therefore, it would be beneficial for the vehicle to travel in the same line, as
much as is practical/possible, for every road that it surveys. A requirement for this can be
specified in this section, for example, you might require the mid-line of the vehicle to align
with the mid-line of the lane. However, it can be expected that the survey vehicle will have a
lateral wander of up to 0.2m14.
Occasionally it may be necessary for the survey equipment to deviate from the planned
survey route for a short length as a result of obstructions in the path of the survey equipment
(for example as a result of temporary road works). The survey contractor should be required
to record the occurrence of such deviations in the survey e.g. with the use of a “Deviation
Flag”. However, deviations caused by lengths of parked vehicles where the normal traffic
flow would be around these vehicles (e.g. urban areas with long lengths of parked cars)
would not normally need to be recorded.

HiSPEQ1: 7.2

Seasonal limitations

It may be that there are times in the year when it would be difficult or inappropriate for
surveys to be carried out, for example





If you have a rainy season when the roads are likely to be always damp or wet (see
below);
If there is a time in the year when the roads are likely to be covered in snow, or
detritus, which will prevent measurement of the shape of the road surface;
If there are months or specific weeks when the roads are likely to be more congested
e.g. due to people going on holiday or local festivals;
If there is a period where the roads are likely to quickly change in condition e.g. due
to the use of studded tyres, or due to high temperatures making the asphalt soft,
freeze/thaw cycles etc.

If there are seasonal variations, such as the examples given above, then you should
consider whether to specify that the surveys should not occur during these periods.

HiSPEQ1: 7.3

Time of day

You may also want to limit the surveys to occur at certain times of the day e.g. only in
daylight (this is necessary if forward facing images are a requirement) or only at night time, if
you wish to avoid the vehicle surveying during congested periods.

HiSPEQ1: 7.4

Detritus

If there is detritus or debris on the road, then this will prevent the survey equipment from
being able to measure the surface of the road and it is possible that poorer ride quality and
higher rut depths could be reported on lengths where the road is not clean. It is
recommended that you specify that the road should be free from detritus before survey, or
require the survey team to record the presence of detritus. You will need to check that they
are doing this.

14

Willet M., G. Magnusson and B.W. Ferne: “FILTER Experiment – Theoretical Study of Indices”.
FEHRL Technical Note 2000/02
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HiSPEQ1: 7.5

Temperature

Some systems may be affected by the temperature of the road or the ambient air, for
example, systems with moving parts may cease to work when the temperature is too low. If
surveys are likely to occur in conditions where the temperature is outside of the range 0-40˚C
then the survey contractor should be required to prove that their system will work in the
extreme temperatures during the Accreditation test. The results of these tests can then be
used to set limitations on the acceptable range of temperatures for surveying.

HiSPEQ1: 7.6

Humidity

As with temperature, the humidity may affect the performance of the equipment and
therefore if surveys are likely to occur when there are high levels of humidity, it would be
worth requiring the contractor to demonstrate that their equipment will work in these
conditions during the Accreditation test. The results of these tests can then be used to set
limitations on the acceptable range of humidity for surveying.

HiSPEQ1: 7.7

Survey speed

You may also wish to require that the survey be carried out at prevailing traffic speed, to
reduce the risk to the survey crew and other road users. If so, this will need to be specified.

HiSPEQ1: 7.8

Other Survey conditions affecting measurements

A number of other survey conditions can affect specific measurements and these are
discussed in the relevant sections e.g. the conditions affecting longitudinal profile are
discussed in HiSPEQ4: 1.

HiSPEQ1: 8

General requirements

This section should be used to list any general requirements that you have.
Accredited survey equipment: If you are implementing an accreditation test, one general
requirement could be that only specific accredited survey equipment can be used to survey.
This will prevent a survey contractor, with multiple survey devices, from using equipment that
has not been proved to deliver valid data to survey your network.
Vehicle regulations: There may be regulations applicable in your region or country, which
may affect what kind of vehicle could be used on the road network, or when and how the
surveys could be carried out. These regulations should be stated in this section. It is
especially important to list these, as survey contractors not based in the same country as the
road network, may not be familiar with local regulations.
There may be features present on your network that may lead to you wanting to set specific
requirements for the survey vehicle e.g. in terms of its size and weight. For example, there
may be a number of low hanging or weak bridges on your network and, in this case, you may
wish to set a maximum vehicle height, or a maximum weight. Similarly, if you have quite
narrow roads on your network, you may want to impose a maximum vehicle width.
If you have a largely urban road network, where the survey vehicle is likely to have to
frequently survey at slow speeds, or in stop-start conditions, you may want to consider
requiring the device to be able to deliver valid data at all speeds.
Processing software: If software will be provided to the contractor, to process the
measured data into the parameters, then this will need to be discussed in this section and
any computing requirements stated e.g. what platform(s) the software will run on, how much
RAM is required, what type of CPU might be required, etc.
Fitting the data to the network: This will be discussed in more detail in HiSPEQ2 but you
should provide a brief description as to how the data will be fitted to the network (Example 9).
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Example 9
The network is labelled with unique section IDs and the spatial coordinates of the start and end points
of these sections are stored in the Pavement Management System. The location measurement data,
delivered by the survey, are used to associate each length of data to these sections and the measured
distance, direction and lane information used to fit it to individual lengths.

Providing the data: You should specify if you have any requirements as to how the data
should be provided to you. For example, you may want the data uploaded to an ftp site that
you manage, or be allowed access to the data on an ftp site managed by the contractor, to
be able to access the data over the internet, for the data to be delivered on a portable disk.
The choice for this will be dependent on how large the contract is (i.e. duration and/or size of
network).
Competency of the survey team or consultant: State if there are conditions or limitations
that you will apply to the survey team or consultant, to ensure their competency e.g. years of
experience/education/competency of the survey team and/or the personnel that carry out
quality checks, data processing, reporting etc.

HiSPEQ1: 9

Other requirements

You may have other country-specific, or network-specific, requirements and these should be
listed here. For example, what is your required timescale for delivery of the data?




Do you want data, from each day of surveying, to be processed and delivered to you
within 20 working days from when the survey was performed?
Do you want the entire survey to be completed before the data is delivered to you?
Do you want all data delivered within 6 months of the survey starting?
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HiSPEQ2 SPECIFICATION FOR REFERENCING DATA TO
THE NETWORK
HiSPEQ2: 1

Network referencing

The measured data is only useful if it can be related back to the location on the network at
which it was recorded; therefore, there is a requirement for all measured data to be
referenced to the network. The HiSPEQ2 document defines the requirement for this network
referencing by vehicles conducting road condition monitoring surveys (e.g. inertial laser
profilometers, traffic-speed deflectometers, GPR, etc.).
HiSPEQ2 should clearly state the measurement methods to be applied and thus you will
need to define what should be recorded, in order to reference the data being collected to
your network.
Road networks are usually split into sections so that each length of road can be uniquely
identified. In this case, to enable the data to be referenced to the network, there is a need to
identify the start and end points of each section within the survey data and also to measure
the elapsed distance within each section.
In addition to the measurements required to reference the data to the network, a number of
other requirements have also been included in HiSPEQ2, since they are common to all
measurement systems:
 Survey speed;
 Synchronisation of measured data;
 Fitting the data to the network.

HiSPEQ2: 1.1

Requirements for location measurement

To measure location within the survey data, survey contractors commonly use an automated
method such as the global navigation satellite system (GNSS). This technology can provide
a continuous measurement of position as the vehicle travels along the road and therefore,
the location of each reporting length can be provided. This technology is therefore covered in
this part of the survey specification and this subsection is applicable to the continuous
measurement of location. If the use of GNSS technology would not be appropriate for your
road network, then this section can be omitted, or amended to suit.
If defined, there is a need to set out the requirements for the 3-dimensional spatial
coordinates. The longitudinal spacing, units and resolution have been suggested. These
should be revised as required.
If the 3D spatial coordinates are derived from measurements of position obtained using
satellite technology, (e.g. GNSS), you should be aware that such methods are often
susceptible to signal loss and increased positional error can occur under certain conditions
(e.g. those encountered in urban and forested areas). To address this, a requirement that the
equipment has the capability to compensate for errors arising from signal loss has been
added to this section. This can be removed if not relevant.
HiSPEQ2: 1.1.1Coordinate systems
A geographic coordinate system is a coordinate system that enables every location on the
Earth to be specified by a set of numbers or letters, or symbols. The coordinates are often
chosen such that one of the numbers represents vertical position, and two or three of the
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numbers represent horizontal position. A common choice of coordinates is latitude, longitude
and elevation15.
In order to be unambiguous about the direction of "vertical" and the "surface" above which
they are measuring, map-makers choose a reference ellipsoid with a given origin and
orientation that best fits their need for the area they are mapping. They then choose the most
appropriate mapping of the spherical coordinate system onto that ellipsoid, called a terrestrial
reference system or geodetic datum.
Datums may be global, meaning that they represent the whole earth, or they may be local,
meaning that they represent a best-fit ellipsoid to only a portion of the earth. Examples of
global datums include World Geodetic System (WGS 84), the default datum used for Global
Positioning System and the International Terrestrial Reference Frame (ITRF) used for
estimating continental drift and crustal deformation.
Local datums chosen by a national cartographical organisation include the North American
Datum, the European ED50, and the British OSGB36. Given a location, the datum provides
the latitude and longitude. In the United Kingdom there are three common latitude, longitude,
and height systems in use. WGS 84 differs at Greenwich from the one used on published
maps in OSGB36 by approximately 112m. The military system ED50, used by NATO, differs
by about 120m to 180m15.
The latitude and longitude on a map made against a local datum may not be the same as on
a GPS receiver but one datum can be converted to another using a process called Helmert
transformations. Thus, the coordinate system for which you want your data located against
needs to be defined, so that the survey contractor knows what location data to provide.
Case Study 29: Requirements for geo-referencing in California
Geographic coordinates, data and time data will be collected for each GPR measurement location
simultaneously with the collection of GPR data using an automated and integrated system in the GPR
vehicle. All data must have geo-coordinates. The North American Datum of 1983 (NAD83) shall be the
geodetic reference system. Latitude and Longitude shall be recorded in metres with at least 2 decimal
places. The geo-referencing equipment shall be capable of collection continuous positional data, even
in areas of poor or intermittent satellite coverage. Inertial navigation technology can be utilised to
augment the GNSS technology.

HiSPEQ2: 1.2

Requirements for elapsed distance

Whilst GNSS measurements or physical markers can be used to identify the start of sections
in the data, another measure is also needed, in order to know where in the section the data
has been measured. This is usually achieved by measuring elapsed distance from the start
of the survey, or section.
Distance is often measured by counting the number of rotations of a wheel or wheels of the
survey vehicle. The distance travelled per rotation of the wheel is just the outer
circumference of the tyre, which will depend on the size of the wheel and tyre. This will vary
as the pressure and/or temperature of the tyre varies. Since both of these can change
throughout the course of a day and the duration of a survey, there is a need for the survey
contractor to ensure that they deliver as consistent distance measurements as possible
(Case Study 30), as inaccurate distance measurement can have an effect on the condition
measurements (Case Study 31).

15

A guide to coordinate systems in Great Britain (PDF), D00659 v2.3, Ordnance Survey, Mar 2015
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Case Study 30: Effect of tyre warm-up on distance measurements
When carrying out tests on the UK TSD, it was noticed that the distance measurement changed
significantly during the first part of a survey day. It was found that this was because the distance
measurements recorded when the tyres were cold, at the start of the day (or after a period of being
stationary), were different to those when the tyres had reached a steady state temperature, after
driving the vehicle for a while.
This led to the requirement that tyre pressure must be checked before the start of every survey day
and the installation of an optical sensor, to measure the tyre temperature. The contractor is then
required to adjust the tyre pressure if it is found to lie outside of an acceptable range, and also to drive
the vehicle until the tyre reaches its steady state temperature, before commencement of surveys.

Case Study 31: Effect of distance measurements on IRI accuracy
When considering the accuracy of an inertial profilometer for IRI, it was found that distance accuracy
had a large effect on whether the device passed the test or not (http://www.rpug.org/download/8-1Rohan%20Perera.pdf). The test compares ten surveys of the same site with a survey carried out with
a reference device (SurPRO), with the requirement that the cross correlation is ≥90% (IRI calculated
over 0.1mile lengths).
Distance accuracy affected the results as follows:
Distance Measurement Error

Error in 500ft

Profiler cross-correlation with SurPRO

0

0

95.6

0.1%

0.5

94.4

0.15%

0.75

93.5

0.25%

1.25

91.2

.

HiSPEQ2: 1.3

Requirements for survey speed

Many of the measurements are speed-dependent and therefore, it is important that the
equipment reports its speed accurately.
Whilst measures, such as transverse profile, are not generally known to be speeddependent, this cannot be ruled out. Therefore it is recommended that speed is a required
deliverable (no matter what measures are required) and that the accreditation test is used to
show speed dependence or independence for each measurement made.
Units and resolution for distance measurement have been suggested in the template. Note
that the suggested 100mm spacing for reporting speed measurements has been proposed
because survey speed is often used as a check on the quality of longitudinal profile data.
Longitudinal profile is usually specified at a spacing of 100mm.

HiSPEQ2: 1.4 Requirements for synchronisation of measured
data
The survey equipment will consist of many different measurement systems e.g. distance
measurement system, temperature, lasers, accelerometers, position measurement system.
There is therefore a need for the outputs from all of the measurement systems to be
combined, so that (e.g.) transverse profile data is related to the position and distance
measurements. This is usually achieved by implementing a system on-board the survey
equipment that interacts in real time with the individual measurement systems, requesting
outputs from them at regular time, or distance intervals and recording the output given. There
will be synchronisation delays between these systems, which can result in e.g. a transverse
profile and longitudinal profile measurement from exactly the same longitudinal position on
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the road to be recorded at slightly different locations, due to the different response
capabilities of the systems.
Specifying how good the system synchronisation needs to be will reduce the risk that the
data will not be well synchronised and therefore a tolerance for this has been suggested.

HiSPEQ2: 1.5

Fitting the data to the network

Whilst the equipment will provide measurements of position, this in itself does not relate an
individual measurement to a specific length of road on the network. There is a need to
uniquely reference the data to the road network, in order for it to be useful, and this can be
achieved by “fitting” the data to the network.
The network will typically take the form of a set of defined sections, with known lengths and,
preferably, spatially defined start and end points (coordinates).
For some networks the start and end points of the sections may be physically marked, e.g.
using reflective markers or road studs. It is the view of HiSPEQ that sections defined by
spatial coordinates have the advantage over the physical markers, in that they will always
remain the same and will not be subjected to wear (e.g. scuffing of reflective studs), damage,
and cannot be moved (e.g. reflective markers placed in a grass verge will need to be moved
in order to mow the grass and may not be replaced in exactly the same place). There is also
potential additional error introduced when physical markers are used: If the marker is
damaged or obscured (by vegetation, or another vehicle), then its position will not be
recorded within the data, thus requiring guess work as to where it might be, in order to fit the
data to the network. Therefore, to avoid these issues, the spatial coordinates of each section
start are often used by road authorities.
To fit the data using spatial coordinates the survey commissioner will need to own or have
access to the network definition i.e. something that tells you that the road section with ID
12345 is a 4 lane dual carriageway, has a start position of 67°51′N, 20°13′E; and a length of
893m. They will then need to have access to software that will use this network definition to
fit the survey data to the network i.e. to transform the position and distance measurements
and lane and direction information to section ID, lane, direction and elapsed distance within
that section.
The survey specification template describes the requirements for the survey contractor to fit
the data themselves, before delivering. However, you may wish to carry out the fitting
yourself, or require a third party to do this, in which case this section can be removed.
However, you should be aware of the following issues related to fitting data:







There needs to be a minimum level of detail, in order to fit data to a network: It is
likely that the network definition is defined by carriageway and direction but surveys
are usually on individual lanes. Therefore, care is needed to ensure that the data is
fitted to the correct lane.
Fitting can be complicated for two-way roads: The location referencing by itself may
not be accurate enough to tell on which side of the road the survey was performed.
Therefore, recording the direction of travel is important. Note: the direction of survey
may not be the same as the direction given in the network definition.
Data from slip roads can easily be fitted to the main carriageway by automatic fitting
software, since they run parallel, and very near, to the main carriageway.
Roundabouts are similarly difficult to fit, due to proximity to main carriageways and
the survey vehicle will likely need to traverse the roundabout twice, in order to ensure
full coverage.

All of these issues can affect the accuracy of the data. Therefore, the challenges of fitting to
the network should not be underestimated and it is recommended that a careful checking
regime is built into the process.
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HiSPEQ2: 2

Accreditation of survey team

The competency of the survey equipment driver and the equipment operator (the “survey
team”) can affect both the survey team’s ability to perform effective surveys and the quality of
the data that is delivered. Even if the survey equipment can measure transverse profile
extremely accurately, if the driver does not adhere to the correct driving line (e.g. driving with
one pair of wheels on the very edge of the lane), then the rut depths calculated from the data
will not necessarily match those collected during a manual survey, or another high speed
survey where the driver does not adopt this driving position. Similarly, if the operator does
not check the data properly, before processing, this can lead to poor quality data being
delivered. Therefore, it is recommended that some testing of crew competency is included in
the accreditation testing.
A description of the tests to be carried out for the assessment should be given, along with
what will be assessed e.g. ability to drive in a straight line, ability to drive in the middle of the
lane, ability to maintain a constant speed, ability to record special features in a timely
manner.
Example 10
The survey driver will be tested for their ability to drive in a straight line consistently in the middle of
the lane and also to determine how they drive around corners (i.e. taking the racing line, or a wider
arc). The survey team will be expected to survey the section of the test track that has a line painted in
the middle of the lane and provide the downward facing images from this site, along with those
collected when surveying the sites used for location measurement accreditation testing.
The images from the test track will be analysed and the distance of the centre of the image from the
centre of the blue line calculated. The test will be passed if this distance never exceeds 0.1m on the
straight lengths of the test track. The images from the curve on the test track will also be assessed, to
determine what driving line is taken when cornering. Advice will be given as to whether too tight or too
wide a curve is followed, and the driver will be required to make every effort to adjust this behaviour
when surveying.
The images from the road sites will be used to determine how well the driver maintains the driving line
in the middle of the lane. Twenty images will be randomly chosen from lengths on the road sites,
where it is known that there are road markings present delimiting both edges of the lane. The distance
of the middle of the image from the middle of the lane will be calculated, and the average value for all
20 images shall be less than 0.1m, with no individual distance exceeding 0.2m.
The ability of the driver to maintain a constant (specified) speed will be assessed by analysing the
speed recorded during the speed tests for location referencing i.e. the surveys of the test track
performed at 20, 30, 40, 60 and 80km/h will be used. The speed measurements recorded on the long
straight of the test track will be expected to be within 3km/h of the required survey speed e.g. for the
20km/h survey, the speeds will be expected to lie in the range 17-23km/h.
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HiSPEQ2: 3

Accreditation of location measurement

This section should include a description of the surveys that will need to be carried out, in
order to obtain data for the assessment of location measurement.
Choosing survey sites to provide measurement data for the assessment: The sites
used to test distance measurement should include curves and other road geometry (i.e.
gradient, crossfall), so that the effect of these features on distance accuracy can be tested.
As discussed above, it is likely that the position measurement equipment will be susceptible
to signal loss. Therefore, to test the accuracy of the spatial coordinates, it is recommended
that survey sites on the road network be chosen, which include a range of signal strengths
e.g. the sites should include lengths where the signal is strong, lengths where the signal has
medium strength, and lengths where there is no or very weak signal. This will enable you to
test whether the equipment will be able to record spatial coordinates in any location. The
sites should be chosen to be representative of the network being surveyed i.e. there are no
extremes of condition, road geometry, the width of the roads are not abnormal for the
network etc. and if the network includes lots of forest or urban canyons, then you must
ensure that these are included in your test sites.
Repeat survey requirement: You should state how many times the equipment is required to
survey each test site: It is recommended that this is a minimum of two repeat surveys, per
site, with three repeat surveys used if the repeatability of the data is to be tested.
Accreditation survey conditions: Ideally, the surveys should be carried out under normal
survey conditions. However, you may wish to specify extra requirements for this and these
should be specified here.
Testing for the effect of speed on the measurements: Coordinate and distance
measurements can be affected by survey speed. It is recommended that you include repeat
surveys of the test track at a range of speeds, so that this can be proved during the first
accreditation test.
Extent of tests: You should also briefly describe the extent of the tests. We would
recommend that the accuracy of the data is always tested but testing the repeatability and
fleet consistency could be optional (see the discussion in HiSPEQ1: 6.2.4).
Re-accreditation: This section should also specify if subsequent accreditation (i.e. reaccreditation) tests are different to the accreditation tests i.e. will there be less testing carried
out on the data?

HiSPEQ2: 3.0 Contractor calibration of systems to measure
location measurement
As discussed in section HiSPEQ1: 6.2.2, some survey equipment needs to be regularly
calibrated. For example, for distance measuring equipment, the survey vehicle should survey
a site of a known distance and the calibration factors for the equipment adjusted if
necessary. The contractor should ensure that any necessary calibration is carried out before
Accreditation commences.

HiSPEQ2: 3.1 Accreditation tests and requirements for accuracy
of location measurements
Devices and methods used to provide reference data: Testing the accuracy of the
measurements requires reference measurements, obtained with a reference device or
method. It is not necessary to inform the survey contractor of the device or method used to
obtain the reference data but they will find it informative if you do.
Suitable reference level devices for the accreditation of location referencing include:
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For distance travelled: Repeat, averaged distance measurements collected using a
calibrated measurement wheel “trundle wheel” along a marked site (e.g. a line drawn
in each wheel path);
For distance travelled: Interpolation of regularly acquired (e.g. 1m) GPS data, using a
receiver (with <15mm accuracy) in static operation
For distance travelled: Distance calibration site
For Spatial coordinates: GPS receiver (with <15mm accuracy) in static operation (5m
spacing)
For Spatial coordinates: GPS receiver, plus road and level total stations.
For speed: regularly calibrated radar device.

It is suggested that the reference data is described in this section i.e. what
method(s)/equipment will be used, along with how often the reference dataset will be
updated (Example 11).
Example 11
Reference Measure for Distance:
The distance of the test track being surveyed will be measured with a Trumeter 5500 Road Trundle
Wheel, whilst the distance of the road network surveys will be measured with the reference survey
equipment. The distance measurement of the test track will only be updated if changes are made to
the survey e.g. different lane, or if the configuration of the test track changes. The distance
measurements of the road routes will be updated on a yearly basis.
Reference Measure for Spatial Coordinates:
The spatial coordinates for the test track will be measured using a ProMark 120 receiver in static
operation at intervals of 5m. The same equipment will be used to measure the spatial coordinates for
the start and end points of each section on the road network survey routes (where it is safe to do so).
The data will only be updated if changes to the either test track or survey line, or changes to the road
routes are made.
Reference Measure for Survey speed:
The speed of the vehicle will be measured from the side of the survey route using a hand-held radar
speed gun (Stalker II moving directional model) at a number of locations along the route. The speed
gun used will be calibrated on a yearly basis.

How the measured data will be compared to the reference: Again, it is not essential for
you to inform the survey contractor as to how the measured data will be compared to the
reference, in order to determine its accuracy. However, this information may help potential
survey contractors to know whether their equipment is likely to meet the accuracy
requirements.
Thus, it has been suggested that an explanation is given of how the measured data will be
compared to the reference data and assessed for accuracy, including whether individual
points will be compared, or whether you will e.g. calculate an average value for every 10m on
the survey route (Example 12).
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Example 12
Distance measurement:
The error between the measured distance and the true distance of each section surveyed will be
calculated. All errors shall be less than or equal to ±0.1% of the true distance for sections of 1km or
longer, or less than 1m for shorter sections.
Spatial coordinates:
95% of the measured locations shall lie within a horizontal distance of 2m from the actual location,
with a maximum error of 10m. Since the measurement of altitude is not essential for condition
assessment no requirements are given for this data.
Survey speed:
The speed measured by the survey vehicle shall be within ±1 km/h of the speed reported by the radar
gun.

HiSPEQ2: 3.2 Accreditation tests and requirements for data
synchronisation
As mentioned previously, the measured data is only useful if it can be related back to the
network.
How accurately the location of a feature is measured will be dominated by the accuracy of
the system’s location referencing system. However, as shown in Figure 6, it will also depend
on how synchronised this system is with the other measurement systems on board the
vehicle (section HiSPEQ2: 1.4). The survey contractor will need to synchronise each
measurement system on board the device with the location referencing system and the level
of synchronisation achieved may be slightly different for each system.

Actual position of feature
Reported position of feature

Error due to
location
measurement

Error due to
synchronisation

Figure 6: Error in recorded location of feature, due to location measurement
error and synchronisation delays
If you want to perform advanced analyses, using multiple measurements (e.g. transverse
profile and longitudinal profile), then how well synchronised the data from these two
measurement systems is will effect what you can actually do. Thus, it may be appropriate to
test how synchronised the measurement systems are – see Example 13.
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Example 13: Testing synchronisation of measurement systems
The synchronisation of the measurement systems on a device will be tested by placing an easily
recognised object in the measurement path of a device. For example, placing a profile plate (section
HiSPEQ3: 3.1.1) in the nearside wheel path on a flat and fairly smooth section of a test track.
The location of this plate in the longitudinal profile will be identified by visually inspecting the
longitudinal profile. The location of the plate in the data will then be compared to the actual position of
the plate (measured manually using a reference device). Similarly for the transverse profiles. This will
then allow the difference in synchronisation between the longitudinal and transverse profile systems to
be calculated.

HiSPEQ2: 3.3

Accreditation tests and requirements for data fitting

Due to the error in location reference measurement, there can be a need to align the
measured data before assessing the performance of the device, when comparing repeat
surveys from one device (Case Study 32).
A survey, defined using the HiSPEQ survey templates, is not limited to use just one survey
vehicle e.g. one device could be used to measure deflection and construction, with a
separate device for pavement shape and surface deterioration. If multiple vehicles/devices
will be used to survey the network, each device will have an associated error for the recorded
location of features. This will be mainly dominated by the accuracy of the location
referencing system and, to a lesser extent, the system synchronisation on each device.
Indeed, the FILTER project found that there could be significant differences in the
measurement of the start point of the survey between different devices (Case Study 33).
If separate devices are used to collect different measurements on the network, then
advanced analyses requiring location accuracy of better than a few metres will only be
possible if careful data alignment is performed. This would be a very onerous task on a
network level.
Also, if the contractor is responsible for fitting the data to the network, then how well this is
achieved should also be tested. It should be noted, however, that this can only easily be
achieved if the contractor delivers 3D spatial position coordinates, not physical marker
recognition.
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Case Study 32: Data fitting during accreditation of transverse profile
In Sweden, in order to determine the accuracy of a profilers’ transverse profile and the repeatability
and reproducibility of the longitudinal profile, the measured data must first be fitted to the reference
data. Data fitting is crucial when comparing data of short presentations lengths.
To decide the accuracy of a profiler’s transverse profile a reference system is used that provides a
reference profile that is 3.6 m wide and have 3601 measurement points (1 mm spacing). When
comparing the transverse profiles from the profiler and the reference the lateral position is very
important for the result. In Sweden the transverse profile from a profiler normally have 17
measurement points and to be able to compare the profiles we use cross correlation as a method to
compare the profiles. The following steps are used.
1.
Fix the profilers two outer data points from the tested transverse profile on the reference
profile. Start at the left end of the reference profile. Calculate the correlation.
2.
Move the profilers’ transverse profile 1 mm and make the same procedure as above. This is
repeated for every possible position.
3.
The maximum correlation indicates the best data fitting between the profiles, and this
transverse position is used when going to the next step.
4.
In order to make the fitting even better the profile is translated from -1 mm to + 1 mm in steps
of 0.01 mm and for every step the profilers transverse profile is rotated -0.1 degree to + 0.1 degree in
steps of 0.01 degree. For every position the minimum difference between the tested and reference
profile is calculated.
5.
The comparison that gives the best correspondence is used to determine the tested profilers’
accuracy.

Figure 7: Transverse profiles as a 20 m average. Black line reference and blue lines
the 15 repetitions of tested and fitted profile (top). Difference plot between
reference and tested profiler (bottom). Scales in mm.
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Case Study 33: Differences in survey start points in FILTER experiment
During the FILTER project, a number of measurement devices were required to survey test sections
on a test track and provide measurements of longitudinal profile from these sites. It was found that, in
order to compare data from different devices, the data needed to be longitudinally aligned first i.e. the
devices did not always measure the start of the sections in the same place as the reference
equipment.
In order to determine how much to shift the measured profile by, in order to align it with the reference,
the correlation coefficients between the reference and measured profile were calculated, with the
measured profile shifted to the left by up to 50m and to the right by up to 50m. These are given in
Figure 8 for one device that took part in the FILTER experiment (A01-P-60-1).

Figure 8 : An example of a correlation plot of data fitting by cross correlation (VTI
Notat 39A, 2001)
Despite the experiment occurring in quite controlled conditions (on a test track with no other traffic), it
can be seen that the best correlation with the reference when occurs at 10.3m, meaning that the
device measured the start point of the survey 10m before the reference device.

HiSPEQ2: 3.4 Accreditation tests and requirements for system
repeatability for location measurement
If the repeatability of the data is to be tested, then this section should describe the surveys
that will be carried out, including the type of road to be surveyed, where they are located,
what length, and how many repeat surveys are required for each site (a minimum of 3 times
is recommended) – see Example 14.
Example 14
The repeatability of the distance and position measurements will be tested by comparing data from
repeat surveys of two sites on the road network. These sites are approximately 3km each and consist
of a range of road types, with one being in an urban environment, the other a rural. Both sites are
within 10km of Normaltown. Four repeat surveys of each site will be performed.

A description of how the repeat data will be compared should also be given and an example
of this is given (Example 15).
Example 15
Distance measurement: The error between the distance measurements from two repeat surveys will
be calculated. All errors shall be less than or equal to ±0.1% of the true distance for sections of 1km or
longer, or less than 1m for shorter sections.
Spatial coordinates: The horizontal error between the measured locations from repeat survey runs
shall not exceed 2m for 97% of locations, with a maximum error of 10m.
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HiSPEQ2: 3.5
Accreditation tests and requirements for fleet
consistency for location measurement
If there are multiple survey vehicles and fleet consistency is to be tested, you should provide
a description of the surveys that will be carried out as part of this test e.g. how many sites will
be surveyed, the type of roads included in the test, the lengths of the sites, how many times
they will need to survey each site (a minimum of two times each is suggested).
It is helpful to the survey contractor if you include a description of how the data from multiple
survey equipment will be compared: Will you compare the individual points of measured
data, will you compare parameters, or some other value derived from the data? We suggest
that any methods used to test repeatability or accuracy (if appropriate) are also implemented
here.
You will also need to define the requirements for fleet consistency. We would not expect two
survey equipment vehicles to be any more consistent than they are accurate, so it would be
suggested that the requirements for accuracy are applied (Example 16).
Example 16
Each survey equipment should be driven and operated by its usual survey team and will be expected
to survey a road route that is 4km long. For each section of the route the average measured distance
will be calculated. The individual measured distance for each survey equipment must be within ±0.1%
of the average distance for sections of 1km or longer, or ±1m for shorter sections.
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HiSPEQ2: 4

QA for Location Measurement

Regular QA testing can be used to supplement the accreditation tests and can help aid
detection of data quality issues more quickly, thus reducing the risk of large amounts of poor
quality data being delivered.
If you choose to implement QA testing within your survey contract, you should state what
should be tested and how.
More allowance for error is usually given in the requirements for accuracy and repeatability
set for the QA tests, since they are performed as part of normal surveying, rather than under
the special circumstances encountered when performing a survey for the accreditation test.

HiSPEQ2: 4.1 QA tests and requirements for accuracy of location
measurement
If accuracy of the measures is to be tested within QA, you need to define how this will be
achieved and what equipment/method(s) will be used to collect the reference data. You
should also describe how the location measurements will be compared to the reference and
what requirements for accuracy you have (Example 17).
Example 17
For every 250km surveyed by the contractor, the Auditor will choose a 10km route within the surveyed
data. This route will then be surveyed by the independent survey equipment, “LocationRef”.
Distance measurement: The error between the distance measurements and the reference distance
measurements will be calculated for each section. All errors shall be less than or equal to ±0.15% of
the true distance for sections of 1km or longer, or less than 1.5m for shorter sections.
Spatial coordinates: The horizontal error between the measured locations and the reference locations
shall not exceed 2m for 95% of locations, with a maximum error of 10m.

HiSPEQ2: 4.2 QA tests and requirements for system repeatability
for location measurement
Define how survey equipment repeatability will be tested within QA and how the repeat
measurements will be compared. Define the requirements for repeatability (Example 18).

HiSPEQ2-69

Example 18
Repeatability test for survey data: For every 250km surveyed by the contractor, the Auditor will
choose a 10km route within the surveyed data and request that a repeat survey is performed on this
route.
Distance measurement: The error between the distance measurements and the reference distance
measurements will be calculated for each section. All errors shall be less than or equal to ±0.1% of the
average measured distance for sections of 1km or longer, or less than 1m for shorter sections.
Spatial coordinates: The horizontal error between the repeat measured locations shall not exceed 2m
for 97% of locations, with a maximum error of 10m.
Ensuring daily consistency: The contractor shall choose a 2km site near to where the vehicle will be
stored overnight. A survey of this site should be performed before the start of any survey day and at
the end of the day. The contractor should compare the two sets of measurements, to ensure
consistency. The length of the site should be measured to within ±3m of the actual length, the spatial
coordinates of the start and end of the site should be measured to within 3m.
Ensuring monthly consistency: The contractor shall choose four sites of 3km in length, convenient
to the area of the road network that they plan to survey and should survey all four sites within two
weeks of accreditation. The data collected during these surveys will be referred to as the original data.
At least one of these sites should be surveyed every month and the data compared with the original
data. The length of each section on the sites should be measured to within 1 m or 0.1% (whichever
is the largest), whilst the spatial coordinates of the start of each section should be measured to within
3m.

HiSPEQ2: 4.3 QA tests and requirements for fleet consistency for
location measurement
As mentioned in HiSPEQ1: 6.2.4, to perform tests of fleet consistency within the QA regime,
you will need to regularly require all survey equipment to survey the same route within a
short space of time i.e. all vehicles will need to be in the same area as each other whilst the
tests are occurring. If your road network covers a large area, this may require the vehicles to
travel long distances to perform the tests, i.e. time that could have been spent surveying will
be spent travelling. Thus, the cost incurred for fleet consistency may be quite high.
If you do require fleet consistency to be tested within QA, define how this will be achieved
and how the measurements will be compared, along with the requirements that you have
(Example 19).
Example 19
For every 750km surveyed by the contractor, the Auditor will choose a 10km route within the surveyed
data and request that a repeat survey is performed on this route by all survey equipment. All surveys
must be completed within 7 days of the first survey..
Distance measurement: The error between the distance measurements from each survey vehicle
(equipment) and the average distance, calculated from all survey equipment measurements, will be
calculated for each section. All errors shall be less than or equal to ±0.1% of the average distance for
sections of 1km or longer, or less than 1m for shorter sections.
Spatial coordinates: The horizontal error between the measured locations and the reference locations
shall not exceed 2m for 97% of locations, with a maximum error of 10m.
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HiSPEQ3 SPECIFICATION FOR PAVEMENT TRANSVERSE
EVENNESS MEASUREMENT
HiSPEQ3: 1

Measurement of transverse profile

The measurement of transverse and longitudinal evenness and surface deterioration are not
sufficient per se to completely determine pavement durability, these parameters are
generally incorporated in the estimation of how long a pavement will last and what measures
are to be taken to extend its lifetime. The ingress of water into the pavement’s structure will
lead to a reduction in the pavement’s structural strength and hence its durability. Thus the
presence of surface defects that allow such ingress, e.g. cracking, fretting, are likely to
shorten a pavement’s life. Therefore, deformation of a pavement’s shape and visual
condition are powerful indications of the structural condition of the pavement, and hence its
durability.
In addition to being a decisive indicator for road deterioration, pavement transverse
evenness can also be related to the safety, as water may stay in the ruts. Accumulated water
in ruts can lead to hydroplaning at higher driving speeds.
A transverse profile is a two-dimensional slice of the road surface, taken along an imaginary
line. Profiles taken along a transverse line show the super-elevation and crown of the road
design, plus rutting and other distress. A transverse profile is the area between the road
surface and a reference plane perpendicular to the road surface and the lane direction (as
defined in EN13036-8).

Figure 9: Pavement transverse evenness measurement
The following paragraphs reference the paragraph numbers of the transverse evenness
measurement specification.

HiSPEQ3: 1.1

Requirements for transverse profile measurement

HiSPEQ3: 1.1.1 Measurement width
It is recommended that the measurements are provided over a minimum width of 3 m and a
maximum width of 4 m to ensure that the full width of a lane is covered. The required width
should be chosen according to the predominant lane width of the network to be surveyed. On
major networks (highways) the requirement should be closer to the upper range (e.g. 3.5m to
4m). If roads with smaller lane widths are to be surveyed, the rut depth calculation should
take the actual lane width into account.
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HiSPEQ3: 1.1.2 Number of measurement points
The number of points in a transverse profile will affect the accuracy and repeatability of the
rut depths that may be calculated from the transverse profile. Studies have been carried out
to explore this relationship, as shown below (Case Study 34).
Case Study 34: Influence of number of measurement points on rut depth measured
Figure 10 shows the influence of the number of measurement points on the rut depth calculated, with
measurements made over a 3.2m width.
Average Rut Depth and Number of Measurement Points
Measurement Width 3,2 m
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Figure 10: The influence of measurement points on rut depth16
For rutting alone there does not seem to be significant benefit in specifying greater than 50
points. However, if the transverse profile does not have enough points, it will poorly cover the
highest and lowest point of the profile, and a subsequent calculation of rut depth will yield
distorted results. More measuring points also increases the probability that a measurement
point is exactly the worst of the rut.
However, if the measurement points are too many and close together, surface texture can
influence the measurement results, which is not desirable (see Case Study 35).
Based on this experience, it is recommended that transverse profile be required to contain at
least 20 measurement points, preferably more, with a maximum spacing of 150 mm between
the measurement points i.e. a minimum of 27 transverse measurement points would be
required over a measured width of 4 m. As can be seen above, denser measurement points
may deliver higher calculated rut depths, but these will be more accurate. Thus it is
recommended that the profile contain a maximum of 100 points.
HiSPEQ3: 1.1.3Transverse spacing of measurement points
Some survey contractors offer systems which “cluster” the measurement points around the
wheel paths. However, this only provides a benefit where the rutting is exactly in the wheel

16

Sjögren L and T Lunberg (2005): “Design of an up to date rut depth monitoring profilometer,
requirements and limitations”. VTI report P0010:365A
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paths and the survey vehicle follows these wheel paths. As this is often impractical, a more
general solution is provided by spacing the transverse measurement points evenly across
the width of measurement.
Case Study 35: The effect of number of transverse profile measurement points on the
rut depths calculated
The effect of the number of transverse measurement points on the rut depths calculated was analysed
on ~450km of data from the English road network, including motorways, main roads and some minor
roads. The roads were surveyed with a high resolution transverse profile measurement, capable of
1000 scans per second (an approximate longitudinal spacing of 22mm at normal survey speed). Each
scan consists of 1000 measurement points over a width of 4.3m.
Tests on a site specific basis showed that the rut depths calculated for each 10m were consistent
when using between 100 and 1000 transverse points. When using less than 100 points, the lack of
detail in the profile meant the reported rut depths decreased – see Figure 11, taken from a 14km
survey of the M27 motorway.

Figure 11: Effect of number of transverse profile points on rut depth
HiSPEQ3: 1.1.4Longitudinal spacing of measurement points
The longitudinal spacing between transverse profiles should be at most 0.1 m. This would
allow – beside the pavement management purposes – a detailed investigation of e.g. water
run-off problems at accident hot spots.
HiSPEQ3: 1.1.5Vertical accuracy
The vertical accuracy of each measurement point of the transversal profile should be 0.1 mm
or better to ensure accurate determination of rut depth.
HiSPEQ3: 1.1.6Units and resolution
The transverse profile measurements should be reported in mm, to a resolution of at least 1
decimal place. Using more than 2 decimal places is unlikely to provide any benefit in terms of
accuracy.
HiSPEQ3: 1.1.7Effect of road markings
Any transverse profile measurement affected by the presence of road markings should be
marked as unreliable, as these features can have a large effect on the calculated rut depth. It
is at the option of the administration as to whether the location of the road marking is
reported separately, or whether measurements collected over markings are eliminated
before the delivery of the transverse profile data.
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HiSPEQ3: 1.1.8Transversal inclination
If you wish to use the transverse profile measurements to calculate water film thickness, in
order to identify sections with poor water run-off, you will need to require that the transversal
inclination of the measurement device is recorded for each measured profile. If this is not
needed, then delete this requirement from the specification.
HiSPEQ3: 1.1.9Transversal inclination accuracy requirement
The transversal inclination of the measurement device should be measured with an accuracy
of 0.1° or better for accurate water film thickness calculation.
HiSPEQ3: 1.1.10
Survey speed
Survey speed is often specified as “traffic speed” only, ensuring the speed is high enough to
not disturb traffic flow. If too strict a definition of survey speed were to be specified, this could
lead to large lengths of missing/invalid data if roads with high traffic volume and hence
varying traffic speed (stop-and-go traffic) are to be surveyed. As long as the measurement
itself does not depend on speed, the avoidance of obstruction of traffic should be the main
constraint for the survey speed. As the common devices used for transverse profile
measurements are speed-independent, the contractor should follow the allowed speed limits
during measurements.
HiSPEQ3: 1.1.11
Location referencing
All measurements should be referenced to the network, in accordance with HiSPEQ2:
SPECIFICATION FOR REFERENCING DATA TO THE NETWORK.

HiSPEQ3: 1.2 Survey conditions affecting measurement of
transverse profile
Current practice for measurement of transverse profile is to use either fixed point lasers, or a
scanning laser, or projected line, to measure the shape of the road surface. Laser
measurement systems are affected by the amount of water present on the road surface and
measurements made with these systems, when the road is damp or wet, can generally be
considered unreliable. Therefore, for surveys which include a measurement of transverse
profile, the survey specification should state that the road surface should be dry when
performing the surveys.
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HiSPEQ3: 2

Parameters

HiSPEQ3: 2.1

Rut Depths

HiSPEQ3: 2.1.1Calculation of rut depth
The usual way to determine rut depth from a measured transverse profile is via the straight
edge or the taut wire in the calculation.



With the straightedge method an imaginary straight edge of a defined length is moved
across the transverse profile and the maximum gap under the straight edge (between
contact points) is measured in each wheel path (Figure 12).
In the taut wire method (also known as the stringline method) an imaginary wire is
stretched across the transverse profile enveloping the high points and fixed at either
end (Figure 12).

Figure 12 Straight edge and taut wire models for rut depth measurement
(Austroads test method AG:AM/T009 Pavement rutting measurement with a multi-laser profilometer)

The typical approach for calculating the rut depth in a computer is for an algorithm to be
developed that identifies the appropriate location at which to place the simulated straight
edge and this is then placed on the profile (in software) and the rut depths determined.
Hence the algorithm must identify, as shown in Figure 13:



The supporting points
The point at which the maximum rut would be measured.
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Figure 13: Definitions for calculation of rut depths
To achieve consistent results among different contractors it is preferable to either provide
dedicated calculation software that the contractor has to use, or to thoroughly describe the
approach. EN 13036-8 gives the basic principle of rut depth determination.
However, a road administration may opt to apply adjustments to the approach, as a result of
local requirements. HiSPEQ has identified various approaches across different
administrations:








In Australia, the calculation of rut depth is defined in the “Austroads test method
AG:AM/T009 Pavement rutting measurement with a multi-laser profilometer”
document. The straight edge method is used to calculate the wheel path rut depth.
This is defined as the average maximum rut depth in each wheel path, for each 100
m section. The standard deviation of the rut depth measurements, for each wheel
path, must also be calculated. The length of the straight edge must be 2 metres.
Optionally, rut depth across the entire transverse profile, may be calculated (so
called the lane rut depth).
Austria uses a “simulated 2 m straight edge” to calculate rut depths. Austrian
regulation RVS11.06.62 specifies use of a straight edge but is not specific about the
calculation, but the approach taken by the software is expected to simulate an
engineer (the straight edge is set on the left side and the right side of the profile and
the rut depth is calculated)
In Germany the straightedge is moved over the profile during calculations.
In Sweden a traditional simulated straight edge and wedge approach is used, but
research has taken place to use the results to obtain a greater insight into the cause
of the rutting (Case Study 23).
In England the network survey specification for primary roads defines the algorithm
to be used to calculate the rutting using a 2m straight edge. Rut depths are
calculated using transverse profiles which have firstly been filtered to identify poorly
recorded data (spikes, measurement over kerbs, road markings etc. (see “Factors
that affect the calculated rut depth” below). Transverse profiles which contain a
sufficient number of valid measurement points and cover a sufficient width of the
pavement surface are then used to obtain rut depths. To calculate the nearside rut
depth, a 2m straightedge is placed on the nearside of the profile in simulation. The
perpendicular distance between this straight edge and a simulated wedge (of width
100mm) is then calculated. The wedge lies parallel to the straight edge and touches
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the surface of the profile. This process is then repeated for the offside
measurements, to obtain the offside rut depth
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Figure 14: Simulating the straight edge (England)
Case Study 36: Structural rutting
The Swedish Road Administration has investigated the potential to use transverse profile data to
indicate structural problems in a pavement. This is the attempt to gain further insight into the cause of
the rutting – is it at the surface or does it indicate a structural problem. The research has explored
methods from the literature (Simpson et al, 1995, 1999; Vit, et al, 2002; Koniditsiotis och Kumar, 2004;
Villiers, et al, 2005; Hussan et al, 2013). The conclusion is that these sophisticated methods correlate
with traditional rut depth calculations, implying that it’s not worth the extra work to use them and they
will provide no greater insight into the cause of the rutting. The research has hence suggested a more
simple approach which seeks to identify lengths where the middle measurement points are lower than
the outer points - so called hanging profiles. These may indicate structural problems.

Structural problems

Traditional worn out rut profiles

HiSPEQ3: 2.1.2Selecting a straight edge length
Even where the contractor is asked to develop their own algorithms, road administrations
should ideally make recommendations or requirements on the length of straight edge to be
used in the simulated rut depth calculation.
In 2011 the Ohio Department of Transportation, the U.S. Department of Transportation and
Federal Highway Administration undertook a study17 to verify rut depths collected with high
speed transverse profile measuring systems. This study primarily aimed to assess the
performance of the LRMS laser measurement system and develop methods for extracting
pavement condition indices from rut depth data. However, the study also examined the effect
of the length of the straight edge used for manual measurements.
Sections were assessed using the LRMS system, a profilometer, an 8 ft (about 2.4 m)
straight edge, and a 4 ft (about 1.2 m) straight edge. Rut depth data from all devices were
17

Hoffman B.R., Sargand S.M., Verification of Rut Depth Collected with the INO Laser Rut
Measurement System (LRMS), 2011
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analysed and compared, to assess their precision and to examine the impact of the shorter
straight edge on rut depth measurements. It was found that the LRMS measurements
strongly correlated with the profilometer and 8-ft straight edge. The 4-ft straight edge did not
show strong similarity to the other measurement methods. The shorter length did not allow
the straight edge to fully span the width of the rut in many cases. Therefore, to prevent error
and inaccuracy, it was recommended that the 4-ft straight edge should be replaced with a
longer device, meeting the criteria listed in appropriate ASTM regulation (ASTM E 1703/E
1703M (1995)).
Road administrations should give thought to the length of straight edge to be used to obtain
rut depths from their transverse profile data, with a minimum of 2m recommended.
HiSPEQ3: 2.1.3Reporting length for rut depths
From the reporting lengths listed in Case Study 37, it can be seen that the usual reporting
length for rut depths varies between 10m, 20m, 50m and 100m, with most using 10m and/or
100m. HiSPEQ recommends that rut depths are reported at 10m or 50m intervals but
evaluated over 100m intervals, to match the intervals suggested for the longitudinal
evenness parameters (HiSPEQ4: 2.3).
As noted in the following sections, care must be taken to ensure quality in the calculation of
the rutting. Localised issues such as the presence of kerbs, road markings etc. might result
in the data being considered invalid (locally). Therefore we recommend that rut depths are
only calculated where more than 75% of the transverse profiles in that length can be
considered to be adequate and valid, e.g. more than 75 valid transverse profiles in a 100msection.
Case Study 37: Reporting length for rut depths
The HeRoad project and the HiSPEQ review found that the following reporting lengths are
used for rut depths.
Country

Reporting Length

Country

Reporting Length

Australia

100m

New Zealand

20m and 100m

Austria

50m

Slovenia

20m

BC, Canada

50m

Sweden

20m

Germany

100m

UK

Ireland

10m

USA: California

10m

Netherlands

10m and 100m

USA: Louisiana

0.01mile (16.09m)

10m, 100m (motorways)
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10m (local roads)

HiSPEQ3: 2.1.4 Factors that affect the calculated rut depth
In addition to the selection of the rut algorithm and the length of the straight edge used, road
administrations should take note of other factors that can adversely affect the values of
rutting reported from transverse profile measurements. These are discussed in this section,
using case studies to show how these have been dealt with in some surveys.
These factors can be summarised as follows:






The effect of high resolution data. High speed profilometers provide high
resolution transverse profile. Due to the high resolution, the profiles can contain
measurements of macro-texture which affect the rut depths measured. Smoothing of
the profile can reduced this problem, see Case Study 38. The high resolution
transverse profile can also include measurements of features such as cracks,
longitudinal joints, or other narrow features. These adversely influence the rut depth
calculation where the simulated wedge is too thin - see Case Study 39.
The effect of road markings. Measurements collected on road markings may
increase the rut depths reported, due to the height of the road markings, or the effect
of their reflective nature on the measurement lasers – see Case Study 25.
The effect of kerbs. Error may occur (especially in urban environments), where
kerbs are present, and it is possible for the transverse profile to include
measurements of the kerbs - see Case Study 41.
The effect of lateral vehicle wander. The FILTER project18 suggested that the
most influential factor on rut measurement consistency is the lateral position of the
measurement vehicle when collecting the profile data. Even a very experienced
driver cannot avoid a certain amount of lateral wander (Case Study 42 and Case
Study 43). Requiring that measurements are provided over a minimum width of 3 m
and a maximum width of 4 m (to ensure that the full width of a lane is covered) and
that the transverse profile contains sufficient measurement points (i.e. at least 20),
reduces the risk that lateral wander will affect the calculated rut depths.

18

Willet, M., Magnusson, G., Ferne, B.W (2000): FILTER – Theoretical Study of indices; FEHRL
Technical Note 2000/02
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Case Study 38: Smoothing of high resolution transverse profile
Although high resolution transverse profile systems provide much more detailed information than low
resolution systems, a common problem associated with these systems is large spikes which can occur
1,2
intermittently in the transverse profiles . Generally only a few spikes occur within a single profile so
the underlying shape of the profile is still clear but, if not removed, the spikes will have an adverse
effect on the measurement of rutting. A simple “sample and hold” algorithm can be used to replace
2
poor data obtained due to spikes .
In addition high resolution transverse profile data can contain measurements of macro-texture, which
affects the rut depths (usually leading to higher values, Figure 15). Research in the UK found that
there are many different methods of smoothing profiles, the most obvious being the application of a
low-pass filter to individual transverse profiles, removing short wavelengths. However, such filters can
have the effect of distorting the profile, and also losing points at the edges of the profile. Therefore, an
approach, where each transverse point is filtered longitudinally over successive transverse profiles
was implemented. This method assumes that the survey vehicle will be travelling in a straight line (i.e.
not veering rapidly) and that the road profile is not changing dramatically over short longitudinal
2
lengths (such that averaging successive profiles will not misrepresent the pavement shape) . The
longitudinal averaging takes place over short lengths (1m), which means that these assumptions can
be considered valid. Thus, the removal of spikes and the longitudinal averaging of the transverse
profiles are implemented before calculation of rut depths.

Low resolution
system
High resolution
system

Figure 15: Rut depths calculated from high resolution (200 points) and low resolution
(25 points) profile: Before (left) and after (right) smoothing
1

: Walker R. and S. Underwood (2003): “Development of a real-time transverse pavement profile measurement system”. Texas
State Research report 0-1782-1
2

: Dhillon, N. (2009): “Development of an enhanced measure of rutting using high resolution transverse profile data”. TRL Client
Project Report CPR472
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Case Study 39: Use of a non-zero width simulated wedge with high resolution
transverse profile
The carriageway can be affected by narrow features, such as longitudinal joints or cracks. These
features would not be considered rutting but have the potential to greatly affect the rut depth
calculated if a measurement happens to be taken over such a feature. The likelihood of this happening
is greater for high resolution transverse profile measurement systems than for low resolution
measurement systems but the features are much more easily identified as non-rutting in the high
resolution data, as demonstrated in Figure 16.

Figure 16: Transverse profiles of a longitudinal joint: High resolution (left), low
resolution profile (right)
A common method to obtain reference rutting data is to place a straight edge (usually 2 or 3m long)
across the width of the carriageway. A ~25mm wide wedge is then placed under the straight edge to
determine the depth of the rut (Figure 17).

Figure 17: Measurement of rut depth with a straight edge and wedge
A simple rut depth calculation algorithm might simulate the placement of a straight edge on the
nearside of the transverse profile and then report the maximum perpendicular distance between the
straight edge and the surface of the profile. If the transverse profile includes measurements of features
such as cracks, longitudinal joints, thin crevices or other narrow features, then the rut depth calculated
is likely to include the depth of these features also. However, a human would not place the wedge
within a feature that was not a rut, and thus the algorithm does not replicate the reference method well
in this circumstance. It is also likely to report larger rut depths than the manual method.
If the transverse profile measured has a spacing of >50mm between the measurement points, then it
is not possible to tell whether a depression is less than 100mm in width (Figure 16). Thus, for
transverse profiles of lower resolution than 50mm spacing no benefit would be gained from applying
anything other than the simple rut depth calculation (described above).
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Case Study 39, continued
However, for higher resolution profiles, the rut algorithm should better mimic the straight edge and
wedge method, in order to move closer to an automation of the manual method of measurement, and
to prevent rut depths from being calculated in a depression that would not fit a tyre i.e. a depression
with a width of less than 100mm.
The measurement of high resolution transverse profile (200 points over a width of 3.8m) was
introduced for the condition survey of the primary road network in England (TRACS) in summer 2013.
Prior to that date, a 20 point transverse profile, covering a width of 3.2m had been delivered and the
rut depth calculation included simulation of a 2m straight edge and a wedge with 0mm width (i.e. the
simple calculation described above). Applying this to the high resolution transverse profiles meant that
the deepest point of a rut could be measured in a thin crevice, leading to larger rut depths being
reported than could be expected. For example, in the transverse profile shown in Figure 18, the
vertical red lines show where the rut depth was calculated, and it can be seen that the calculation has
included the depth of a shallow crevice, ~40mm wide.

Figure 18: Simple rut depth calculation includes measurements from a feature too
narrow to be considered to be rutting
Thus, the implementation of a non-zero width wedge was considered and a wedge width of 100mm
was chosen, so that any feature too narrow for a tyre to fit in, would be excluded from the rut depth
calculation. In the algorithm the bottom face of the wedge (in contact with the transverse profile) is
considered to be parallel to the straight edge (which mimics the real life measurement).
When this enhanced algorithm is applied to the transverse profile shown in Figure 18, a reduction of
almost 1.5mm is seen in the rut depth calculated (15.17mm reduced to 13.68mm, Figure 19). This
reduced rut depth value should better replicate a reference measurement and thus the enhanced
method can be considered to be more realistic and also has the benefit that it should be less sensitive
to noise in the transverse profile.

Figure 19: Use of a simulated wedge of width 100mm, to exclude narrow features from
the rut depth calculation
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Case Study 40: Effect of road markings on the calculation of rut depth
The inclusion of transverse profile measurements made over road markings may increase the rut
depths reported on a road network (Dhillon, 2009). If these markings are not considered during the rut
depth calculation, it may lead to distorted results. To overcome this, a “road marking profile” (indicating
the presence of road markings) can be obtained to indicate where the transverse profile
measurements lie on a road marking. The rut algorithm can then interpolate the correct height of the
road marking points from the neighbouring profile points. This leads to an increase in accuracy. Figure
20 shows the downward facing image and associated road marking. As can be seen the road marking
is about 5mm in height, which increases the calculated offside rut from 2.69mm to 5.02mm (Figure
22).

Figure 20: Downward facing image (left) and road marking profile (right)

Figure 21: Downward facing image and transverse profiles overlaid with measurements on
road markings included (left) and excluded (right)

Figure 22: Transverse profile with measurement over road marking included (top) and removed
(bottom)
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Case Study 41: Effect of kerbs on the accuracy of rut depth measurement
The recommendation of HiSPEQ is that the transverse profiles are wide enough to include
measurements from the whole width of the lane being surveyed. This means that, in an urban
environment, where kerbs are present, it is possible for the transverse profile to include
measurements of these kerbs.
Applying a rut depth calculation algorithm to such transverse profiles, without excluding the kerb
measurements, will result in much larger than expected rut depth values. How much of the kerb will be
included in the measurements will depend on the driving line taken by the survey vehicle. Thus not
removing the kerb from the rut depth calculation is likely to cause inconsistency in the data collected
(length by length and also for subsequent surveys of the network).
Figure 23 shows an example where measurements of the kerb have not been correctly removed from
the rut depth calculation. This has led to the simulated straight edge being placed on part of the kerb,
giving a rut depth of 37mm. When the measurements on the kerb are correctly excluded (Figure 23) a
more representative rut depth of 3mm is obtained.

Figure 23 Example of insufficient (left) and correct (right) removal of kerb
measurements from the rut calculation
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Case Study 42: Effect of lateral wander on rut depth and rut area
A simulation exercise was carried out on transverse profiles measured by the VTI Primal profilometer
to study the effect of lateral wander. As can be seen from Figure 24, all the rut depth indices decrease
and the rut area increases with increasing transverse sampling interval. The change is almost linear.
Using a 3m profilometer with a transverse sampling interval of 0.3m will underestimate the rut depth
values by 10 - 14 % and overestimate the rut area by about 18 %. Note the rather low sampling
interval compared to the nowadays high resolution profilometers. As can be seen from Figure 25 all
the rut indices decrease with decreasing measurement width. The rut data obtained using the widest
profilometer will presumably come closest to the "true" value. Cutting off the 4.0m profilometer to 3.6m
does not mean any dramatic change in the obtained measurement result. About 5% reduction on
maximum rut depth, 15% on rut area and an almost negligible effect on left and right rut depths.
Reducing the measurement width to 3m will cause a decrease of obtained maximum rut depth by
about 20% and the rut area by 45%.

Figure 24: The effect on rut depths and rut area of varying lateral position when
measuring with different transverse sampling intervals. Average over seven road
profiles. (Observe that the scale "Area of rut" is located on top of the diagram and
goes from right to the left).

Figure 25: The effect on rut depths and rut area of varying lateral position when
measuring with continuous sampling and different measurement widths.
Average over seven road profiles. (Observe that the scale "Area of rut" is
located on top of the diagram and goes from right to the left).
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Case Study 43: Effect of lateral position on area of water calculated
The FILTER project further discussed the effect of varying lateral positions on the water depth. While
the effect on a lane without crossfall is about the same as the effect on rut depth, on a lane with a
crossfall of 2.5 % it is very dramatic. The maximum water depth as an average over the seven profiles
decreases from 0.8 mm with continuous sampling to 0.1 mm obtained with the sampling interval of 0.3
m. The standard deviations are very high as compared to the average values.

Figure 26: The effect on water depths and water area of varying lateral position when
measuring with different sampling intervals on a lane with crossfall = 2.5 %.
Average over seven road profiles. (Observe that the scale "Area of rut" is
located on top of the diagram and goes from right to the left).

HiSPEQ3: 2.2

Other parameters

HiSPEQ3: 2.2.1Crossfall
Crossfall describes the transverse gradient across a section or full width of a pavement
measured perpendicular to the centreline.


EN 13036-8 provides a definition for the calculation of crossfall.

HiSPEQ3: 2.2.2Transverse evenness
It is possible to obtain many types of measures to describe transverse evenness from
transverse profile data. However, because they are obtained from the same core transverse
profile measurements, they are often related to rutting and provide little additional value in
condition assessment. However, research has noted that, on roads with a very challenging
shape and complicated edges, reliable rut depth measurements can be difficult to obtain. In
these cases alternative measures have been proposed with an aim to provide higher level of
consistency on narrow road, “messy” roads (with lots of detritus), enclosed roads (by hedges,
verges etc.), and where there may be more interest in general transverse roughness, rather
than actual rut depths – see (Case Study 44). Case Study 44 also discusses potential
parameters for the measurement of other types of deterioration such as edge deterioration,
which can be obtained through analysis of the shape along the edge of the road.
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HiSPEQ3: 2.2.3Ponding
Water ponding (or theoretical water film thickness or water level) depends on both rutting and
crossfall (Figure 27) and is related to safety, as it affects the level of splash/spray etc.

Figure 27 Definition of rut depth and water depth
The TRIMM project19 has investigated the potential for using high-resolution laser
measurement systems to determine the potential for water ponding on roads (Case Study
45). Determining the potential locations for ponding on a modern carriageway requires
knowledge of how the pavement behaves across all lanes of that carriageway. Without
knowledge of the geometry of the entire carriageway, any model for water ponding will be
incomplete, since it will have no way of determining where bodies of water might form or
water will run off. Thus, in order to model the potential for ponding on a road, TRIMM
proposed a combination of data sources to provide the relevant information. While highly
precise scanning lasers can provide information about the surface condition and macrotexture of the pavement, a less precise LIDAR system can provide information about
locations of drains and bridges and road geometry, including the relationship between
adjacent lanes on a carriageway. Finally, GPS information can help align these data sets into
one single picture of a road environment.
Case Study 44: Parameters calculated from Transverse Profile for SCANNER
For surveys of the local road network in the UK (known as SCANNER surveys), six parameters are
calculated from the transverse profile. These are Rut Depths (in both wheelpaths), Cleaned Rut
Depths (in both wheelpaths), Transverse Profile Unevenness, Edge Roughness, Road Edge Step and
Transverse Variance.
Rut depths give an indication of the road’s wear from vehicle tyres. These are calculated by
simulating the placement of a 2m straight edge on the parts of a transverse profile that have been
determined to be within the lane. The left rut depth is calculated by placing the straight edge on the
left half of the transverse profile and determining the maximum perpendicular distance between this
straight edge and the profile. The right rut depth is calculated similarly, using the right half of the
transverse profile.
Cleaned Rut depths are an additional rut depth measure, which are calculated using the same
method as the standard rut depth measure but include an additional calculation step. This additional
step identifies and removes road edge features (e.g. kerbs) before the rut depths are calculated.
Transverse Profile Unevenness gives an indication of how deformed the road surface and is
reported across its whole width, in the nearside of the lane and also the offside of the lane. The three
parameters are obtained by calculating the absolute deviation of the first derivative of all transverse
profile points in the lane (with slope and offset removed), the transverse profile points in the nearside

19

Kane M., Wright D.: Identification of Potential Water Ponding, Deliverable D4.1, TRIMM, 2014

HiSPEQ3-87

of the lane and transverse profile points in the offside of the lane.
Edge Roughness gives an indication of how damaged the edge of the road is e.g. by heavy vehicles
driving over the edge of the bound surface. A 0.6m moving average variance (MAV) is firstly
calculated on the transverse profile points lying within a 0.5m strip adjacent to the edge of the road.
The edge roughness parameter for the reporting length is then the proportion of these MAVs that
exceed a set threshold.
Road Edge Step also gives an indication of how damaged the edge of the road is and is reported as
two parameters. Firstly the percentage of the reporting length that has a small step down at the edge
of the road (between 20 and 50mm) and secondly the percentage that has a large step down
(exceeding 50mm).
Transverse Variance gives an indication of how different the shape of the left hand side of the road is
from the right hand side. It is obtained by calculating the variance for the transverse profile
measurements from the left side of the lane and then the variance for those in the right side of the
lane.
More information on the calculation of these parameters can be found in Volume 4 of the SCANNER
specification
(http://www.pcis.org.uk/iimni/UserFiles/Applications/Documents/Downloads/SCANNER%20and%20TT
S/SCANNER%20Specification/SCANNER_Spec_2012_Volume_4.pdf).

Case Study 45: Ponding
TRIMM proposed that transverse profile data collected along the road could be considered as a set of
pseudo 3D measurements, and that these could be used to determine the locations where water will
collect. However, to achieve this requires that the data is representative of the real world (i.e. has true
shape in relation to the horizontal). Also, it would be preferable to have data from the whole
carriageway (transverse profile data usually just measures the lane).
Presuming that the survey has been defined such that this level of information is available, it should be
possible to predict ponding. TRIMM proposed a method that would use the 3D data to model the road
surface and the water incident upon it in the event of rainfall, in order to predict the likely areas of
water ponding. With the method, pre-processing of the 3D road surface height data was needed first.
Then, an algorithm that is capable of detecting water ponding from the pre-processed road data
calculates the fallen rainwater volume per m².
However, a further limitation on the water ponding algorithm arises from the lack of knowledge of the
boundary conditions of the analysed road – i.e. where is the drainage in the road? Where does the
water flow from/to?
If these conditions can be established then, in theory it should be possible to undertake analysis at a
global scale of a route to determine where the surface would be covered by water and the volume of
water on the road. However, HiSPEQ is not aware of any research that has managed to achieve this
to date.
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HiSPEQ3: 2.3 Understanding severity - thresholds for the
Parameters
There appears to be no common approach to setting thresholds to classify the severity of
rutting. For example, the COST354 project found that for the countries that routinely use a
measure of rut depth, different thresholds are applied to the rut depth values, in order to
obtain an indicator of transverse unevenness20. As can be seen from Table 6, the thresholds
applied to rut depth (to determine where transverse unevenness of the pavement is poor),
vary between 9mm in Switzerland to 20mm in Poland. Similarly, for a rating of “Very Poor”,
thresholds vary between 12mm and 32mm.

Table 6: Thresholds used to asses rut depths on motorways (from COST354)
Lower thresholds applied to rut depths (mm)
Country

Poor

Very poor

Austria

15

20

Belgium 1

16

32

Belgium 2

12

16

Croatia

15

20

Czech Republic

16

22

Germany

10

20

Hungary

12

18

Poland

20

30

Slovenia

14

18

Switzerland

9

12

UK

11

20

The Toolbox project developed the comfort trigger (see Case Study 9) which is a
combination of individual parameter indices, among them for rutting. The trigger has a value:
0 (if each index equals 0 – smooth surface), 100 (very rough surface), and anything in
between according to its index function. The index function is limited by the lower threshold
(TLRut) and the upper threshold (TURut). The project has also given the example of the index
function:
𝑓𝑅𝑢𝑡 (𝑅𝑢𝑡 𝑑𝑒𝑝𝑡ℎ) = 10 × (𝑅𝑢𝑡 𝑑𝑒𝑝𝑡ℎ − 10)
and the thresholds:
TL = 10 mm
TU = 20 mm
Rutting can also be used to determine an index to describe the pavement condition. One
such case is the Rutting Index implemented by FHWA for national park service roads
(Pavement distress identification manual for the NPS road inventory program, Cycle 4, 2006
– 2009, FHWA). Ruts in each wheel path are classified into three severity levels: Low, Med
and High. The Rut Index is calculated as follows:
𝑅𝑢𝑡_𝐼𝑛𝑑𝑒𝑥 = 100 − 40 ∗ [(%𝐿𝑜𝑤/160) + (%𝑀𝑒𝑑/80) + (%𝐻𝑖𝑔ℎ/40)]
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COST 354 “Performance Indicators for Road Pavements: WP 2 "Selection and assessment of
individual performance indicators” (2007)
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The values %Low, %Med and %High report the percentage of the 20 measurements (10 rut
depth measurements per defined longitudinal interval for each of two wheel paths) within that
severity. In Rut_Index, the denominators 160, 80, and 40 are the maximum allowable extents
for each severity. If any single severity reaches these extents the resulting index value is 60,
or failure.
The thresholds used for other parameters describing transverse unevenness should be
based on the levels of evenness that either cause ride quality issues for the users, or where
the risk of ponding (a cause of concern for safety) becomes unacceptable. This may be
different for different types of road: Users are likely to expect lower levels of rutting on a
motorway than on a minor road. Determining what these thresholds might be is outside of the
scope of the HiSPEQ project and thus, it is not possible to suggest values here.

HiSPEQ3-90

HiSPEQ3: 3

Accreditation

This section should include a description of the surveys that will need to be carried out, in
order to obtain data for the accreditation of transverse profile, rutting, or other parameters
derived from the transverse profile.
What data and which properties to test during accreditation are discussed and lengths of test
sites recommended in section 0 above.
Choosing survey sites to provide measurement data for the assessment: It is likely that
reference transverse profile measurements or rut depth measurements will be provided by a
manual method, or by independent accredited survey equipment. In the former case a
survey of a test track or private road system would be beneficial, to eliminate the need for
road closure or risk to operator’s health. Also, if tests are performed to assess the effect of
speed on the measurements or parameters then it would be safer for this data to be collected
by surveys of a test track or private road network, where public access can be restricted. It is
recommended that the test track site is 1km or more in length.
Since the test track is unlikely to contain road construction or conditions that are
representative of the network to be surveyed, there is also a need to assess data collected
on lengths of the road network, particularly to assess system repeatability and fleet
consistency. The road network sites used to test transverse profile or rut depth measurement
should include a range of condition that is representative of that found on your network i.e.
there should be lengths where there is little deformation present, through to lengths where
there is rutting present. If there are kerbs and road markings present on your road network it
would also be recommended that you include lengths with these features in the sites to be
surveyed, so that the behaviour of the measured data and the parameters can be assessed
for this situation. It is recommended that a minimum of 10km of road network sites be
surveyed, with 100km preferred.
Repeat survey requirement: You should state how many times the equipment is required to
survey each test site: It would be recommended that this is a minimum of two repeat surveys,
per site, with three repeat surveys used if the repeatability of the data is to be tested.
Accreditation survey conditions: Ideally, the surveys should be carried out under normal
survey conditions, however, you may wish to specify extra requirements for this and these
should be specified here.
Testing for the effect of speed on the measurements: Transverse profile measurements
are not usually affected by survey speed; however, this cannot be ruled out. Therefore, it is
recommended that you include repeat surveys of the test track at a range of speeds, so that
speed dependence/independence can be proved during the first accreditation test.
Extent of tests: You should also briefly describe the extent of the tests i.e. whether
accuracy, repeatability and/or fleet consistency will be tested. The benefits of testing each
aspect are discussed in HiSPEQ1: 6.2.4.
Re-accreditation: This section should also specify if subsequent accreditation (i.e. reaccreditation) tests are different to the accreditation tests i.e. will there be less testing carried
out on the data?
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HiSPEQ3: 3.0 Contractor calibration of the transverse profile
measurement system
As discussed in section HiSPEQ1: 6.2.2, some survey equipment needs to be regularly
calibrated. It is likely that the transverse profile will be measured using a laser based system
(either fixed or scanning lasers). How lasers can be calibrated is presented in Case Study
21 and Case Study 46.
The requirement for appropriate calibration can be specified, but not how calibration should
be achieved: The contractor should be able to inform you as to whether their systems need
calibration and, if so, how often and what they do to carry out calibration.
Case Study 46: Calibration of transverse scanning laser
A transverse scanning laser sensor can be calibrated by placing a machined bar beneath the laser.
The bar has notches machined in it, at specified locations along the bar, which have known depths.
The vehicle is then jacked up as high as it will go and the bar placed on a flat floor underneath. The
height of the bar is then slowly increased to obtain a range of transverse profile scans. These are then
used to calculate calibration values for the scanning laser.

HiSPEQ3: 3.1

Accreditation of transverse profile

Data for assessment: If the quality of the transverse profile is to be tested within the
accreditation, then there is a need to define what data will be used to perform the
assessment e.g. static tests, surveys on a test track, surveys of the road network.
It is recommended that the surveys are performed in normal survey conditions (e.g. dry,
clean road) but you may wish to specify additional or alternative conditions and these should
be stated here.
HiSPEQ3: 3.1.1 Accreditation tests and requirements for accuracy of transverse
profile
Devices and methods used to provide reference data: In order to test the accuracy of the
transverse profile measurements, you need to know what the true measurements are and, to
obtain these, you will need to use a reference device or method. It is not necessary to inform
the survey contractor of the device or method used to obtain the reference data but they will
find it informative. Therefore, it has been suggested that the reference data is described in
this section i.e. what method(s)/equipment will be used, along with how often the reference
dataset will be updated (Example 20).
Example 20
The accuracy of measurement of transverse profile will be tested using surveys of a test track and
stationary surveys of calibration surfaces.
The reference data for the transverse profile on the test track will be provided as follows:
The transverse profile of the test track being surveyed will be measured with the VTIXPS, each time
an accreditation test is carried out. Measurements will be taken for every 1m travelled and at 0.15m
transverse spacing over a 3.6m width.
The two calibration surfaces will have the following properties:



Rectangular profile (each level 30mm wide, with peak-bottom 10mm, 20mm, 30mm, 40mm
and 50mm)
Staircase (30mm wide steps, each 1mm high).
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Suitable reference level devices for the accreditation of transverse profile include:







Calibrated surfaces, with a known shape e.g. a flat surface, and a square or triangular
wave can be useful to demonstrate the equipment’s ability to measure transverse
shape (Figure 28).
o E.g. calibration surfaces similar to those described in ISO 13473-3:2002 (but
with features large enough for the system to measure);
o BaST calibration beam
Measurements collected with a reference profiler on a test track or private road
network or network site if practical. For example
o The VTIXPS (Cross Profile Scanner, a line laser device with cross slope
capability)
o SurPRO 4000 (a longitudinal profile reference device that can also be used to
measure the transverse profile, http://surpro.com/)
o Transverse profile beam (Figure 29)
o Laser rut reference bar (Figure 30)
An optical rod and level
A traffic speed reference device having comparable technical capability to the
contractor’s device (e.g. similar resolution, accuracy, width etc.) e.g. HARRIS2 (UK),
MEFA (Germany) (Figure 42).

Figure 28: Reference surfaces laid on flat floor (left), close up of triangular (top)
and square (bottom) wave surfaces
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Figure 29: Transverse Profile Beam, developed and used in New Zealand
(source: https://www.nzta.govt.nz/assets/resources/surface-frictionconference-2005/5/docs/measuring-pavement-condition-data.pdf)

Figure 30: Laser Rut reference bar device (Source: Ministry of Transport of
Quebec)
How the measured data will be compared to the reference: Again, it is not essential for
you to inform the survey contractor as to how the measured data will be compared to the
reference, in order to determine its accuracy. However, this information may help potential
survey contractors to know whether their equipment is likely to meet the accuracy
requirements.
It is suggested that an explanation is given of how the measured data will be compared to
the reference data and assessed for accuracy, including whether individual points will be
compared, or whether you will e.g. calculate an average value for every 10m on the survey
route (Example 21).
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Example 21
Static survey of calibration surfaces:
The device will be expected to measure both calibration surfaces, described in the table below. This
will be achieved by placing the calibration surfaces on a flat, horizontal floor and positioning the device
so that it can collect a stationary measurement for each of the mats separately.
Type of profile

Test

Rectangular profile (each level 30mm wide, with
peak-bottom 10mm, 20mm, 30mm, 40mm and
50mm)

Measure differences in profile between peak
and bottom of steps. Measure width of peaks
and troughs.

Staircase (30mm wide steps, each 1mm high)

Measure differences in profile between middle of
each subsequent step.

It would be expected that all of the widths and height measurements would lie within 95% of the actual
measurements.
Transverse profile from test track:
The transverse profiles from every metre travelled on the test track will be assessed for accuracy. The
measured transverse profile and the corresponding reference profile will be visually aligned and then
the error between the measured profile points and the reference profile points calculated. 95% of the
measurements should lie within 1mm of the reference.
The shapes of the profiles will also be compared: The correlation coefficient of the (aligned) reference
and measured transverse profiles for each 5m travelled will be calculated. The requirement is that
2
r ≥0.9 for all profiles analysed.
Note: It may not be possible for a laser system to achieve the stated levels of accuracy when
surveying a coarsely texture surface, if the reference device used is not laser based e.g. rod and level.
Calculating the correlation coefficient can be very time consuming, so this should be considered an
optional test, or perhaps one that is performed in the first accreditation but not in subsequent reaccreditation.

Valid survey speeds: You may also wish to inform the survey contractor as to how you will
determine the range of speeds for which measurements are valid (Example 22).
Example 22
The data from the repeat runs, carried out at different fixed speeds on the test track, will be compared
with the reference. The minimum and maximum speed for which less than 95% of the measurements
lie within 1mm of the reference will be calculated. Data will only be considered valid if the survey has
been performed within this range of speeds.

HiSPEQ3: 3.1.2 Accreditation tests and requirements for system repeatability for
transverse profile
If you wish to test system repeatability, you will need to state what data will be used for the
assessment (e.g. repeat surveys of the test track, repeat surveys of a road site) and how the
data will be compared. You will also need to state the requirements for system repeatability
of the measured data (Example 23).
Example 23
Five transverse profiles selected from the same locations from each of the repeat runs performed on
the test track will be compared. An average transverse profile shall be calculated for each of the five
locations. 98% of the measurements should lie within 1mm of the measurements in the average
profile.
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HiSPEQ3: 3.1.3 Accreditation tests and requirements for identification of road
markings
If you have required the survey contractor to identify which transverse profile measurement
points lie on road markings, you may wish to test how well they identify the location of road
markings. As with the transverse profile, testing the road marking identification may be more
time consuming and technically demanding than testing the quality of the parameters.
However, as discussed above, the presence of road markings can have a significant effect
on the transverse profile measurements. Therefore, it would be recommended that the
accuracy of the identification is tested, at least in the initial accreditation of the equipment
(Example 24).
If this testing is to be carried out, it would be recommended that a road site is surveyed,
which includes lengths of road markings delimiting the edges of the lane and also road
markings in the middle of the lane (e.g. directional arrows), as well as any other type of road
marking commonly found on your road network.
Example 24
Reference Measure for road marking profile:
All of the downward facing images, collected during the surveys of 2km from the road routes will be
manually analysed to provide reference data. This reference data will be obtained each time an
accreditation test is performed.
This reference data will then be compared to the transverse profile points that have been marked as
having been collected on a road marking.
It is expected that 95% or more of identified road markings will lie within 40mm of an actual road
marking and that less than 5% of locations identified as not lying on a road markings will be located on
an actual road marking.

HiSPEQ3: 3.2

Accreditation of software to calculate parameters

If the survey contractor uses their own software to calculate parameters that you (e.g. the
administration) have defined, testing should be carried out to ensure that their software
calculates the parameters correctly.
How you perform the test will depend on whether you have access to independent software
or not:



If the administration has its own (independent) software available: request the
transverse profile data collected during the accreditation tests and process this
though your software.
If the administration does not have its own (independent) software: create
fabricated transverse profiles e.g. perfectly flat road, 0.5mm rut in the nearside, 2mm
rut in the nearside, 10mm in the offside, ensuring that you use the same number of
measurement points as required in the specification. Then require the contractor to
process the transverse profiles with their software and provide the results.

The contractor’s software may be written in a different programming language to the
independent software. Even if exactly the same algorithm was implemented in the two
languages, it could be expected that the results produced by both may not be the same, due
to differences in the languages e.g. rounding errors. Therefore, whilst they should be very
close, small differences may exist between the results. Similarly, a manual assessment of a
fabricated rut depth may not produce exactly the same results as the contractor’s software,
even if it is correctly implemented, due to the different approaches taken.
However, for both methods, you would expect that the rut depths calculated would match the
reference rut depths to within 1 or 2 decimal places.
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HiSPEQ3: 3.3

Accreditation of parameters

If the quality of the parameters is to be tested within the accreditation, then there is a need to
define what data will be used to perform the assessment e.g. surveys on a test track, surveys
of the road network.
We would recommend that the surveys are performed in normal survey conditions (e.g. dry,
clean road) but you may wish to specify additional or alternative conditions and these should
be stated here.
State how many repeat surveys are required and whether the data will be assessed for
accuracy and/or system repeatability. If there are multiple survey vehicles, state if a test of
fleet consistency will be performed.
HiSPEQ3: 3.3.1 Accreditation tests and requirements for accuracy of rutting
parameters
If the accuracy of the parameters is to be tested, there is a need to define how the tests will
be performed. Beneficial, but not essential, information includes what method(s) or
equipment will be used to provide reference data (Example 25); how often the reference data
will be updated; how the data will be compared to/assessed against the reference, including
the assessment length (we would recommend that the assessment length used is the same
as the reporting length for the parameter) (Example 26).
If you have included a test for transverse profile (section HiSPEQ3: 3.1), you will need to
consider this when setting a requirement for the accuracy of rutting: The accuracy of the
rutting provided cannot exceed the implied accuracy from the transverse profile (Case Study
47).
Suitable reference level devices for the accreditation of rutting include:




Measurements collected with a reference profiler on a test track or private road
network or network site if practical, followed by the calculation of rutting from these
measurements. For example
o The VTIXPS (Cross Profile Scanner, a line laser device with cross slope
capability)
o SurPRO 4000(http://www.surpro.com)
o Transverse profile beam (https://www.nzta.govt.nz/assets/resources/surfacefriction-conference-2005/5/docs/measuring-pavement-condition-data.pdf)
o A traffic speed reference device having comparable technical capability to the
contractor’s device (e.g. similar resolution, accuracy, width etc.) e.g.
HARRIS221 (UK), MEFA22 (Germany) (Figure 42).
Repeat, averaged, site surveys carried out using a straight edge and wedge by
experienced inspectors.

Essential information includes the requirements for the accuracy of each parameter (whether
delivered by the contractor, or calculated from measured data) (Example 26).
If repeat surveys at different speeds are carried out, then you should also describe how this
data will be used to determine whether the parameters are affected by speed and, if so, what
the range of speeds is for which sufficiently accurate data is obtained.
The accuracy and consistency of rut depth measurements can be greatly affected by the
presence of features occurring at the edge of the lane being surveyed e.g. kerbs, grass
21

Highways Agency Road Research Information System

22

http://www.bast.de/DE/FB-S/Technik/GS4-MEFA.html
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verges, thick lane markings (see Case Study 40 and Case Study 41). The lengths on the
sites surveyed, where such features are present should be assessed, to determine whether
these features are correctly excluded from the rut depth calculation.
Example 25
The test sites will be surveyed with MEFA (BAST reference device) at the same time as the
equipment. The average of three repeat surveys will be used to provide the reference data and the
transverse profiles from these surveys will be processed with RutCalc to obtain reference rut depths
for each 10m reporting length on the sites.

Example 26
The HARRIS2 reference profiler will survey the road network sites, every time an accreditation test
occurs, to provide reference rutting data. The average rut depths, from the nearside and offside wheel
paths will be calculated for each 10m reporting length on the sites.

Figure 31: The HARRIS2 reference profiler
For each survey performed, the difference between the measured and reference nearside rut depths
will be calculated, as will the difference between the measured and reference offside rut depths. The
data will be considered to be unaffected by speed if at least 65% of the differences fall within ±1.5mm,
whilst at least 95% of the differences fall within ±3.0mm.
If these requirements are not met for some speeds, then this may suggest that the data is speed
dependent and further tests will be completed to determine the range of speeds for which accurate
data should be delivered.

Case Study 47: Effect of transverse profile accuracy on rut depth measurement
How accurate the rutting is will depend on how accurate the transverse profile is. For example, if an accuracy of
±1mm for the transverse profile is required, this will mean that the highest part of the rut could be measured
+1mm above the reference, whilst the lowest could be measured -1mm below the reference, which would lead to
an error of 2mm in the rut depth. Thus, the requirements for the rut depth accuracy should be at least twice the
requirements for the transverse profile accuracy.
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HiSPEQ3: 3.3.2Accreditation tests and requirements for system repeatability for
rutting parameters
If you wish to test system repeatability for the rutting parameters, you will need to state what
data will be used for the assessment (e.g. repeat surveys of the test track, repeat surveys of
a road site) and how the data will be compared. You will also need to state the requirements
for system repeatability of the rutting parameters (Example 27).
Example 27
The data from the repeat runs, performed on the test track, and on the road routes, will be compared.
Rut depths from the nearside wheel path will be averaged over 10m reporting lengths and an overall
average calculated for each length (i.e. the average of all repeat runs from the same length).The
difference between the average value and an individual value shall be calculated for each repeat
survey and each 10m length. The equipment shall pass the repeatability test if:


At least 65% of the differences between the repeat measurements and the average fall
within 1.25mm.



At least 95% of the differences between the repeat measurements and the average fall
within 2.5mm.
The same test will be applied to rut depth measurements from the offside wheel path.

HiSPEQ3: 3.3.3 Accreditation tests and requirements for fleet consistency for rutting
parameters
If you wish to fleet consistency for the rutting parameters, you will need to state what data will
be used for the assessment (e.g. surveys by each of the vehicles of the test track, or of a
road site) and how the data will be compared. You will also need to state the requirements
for fleet consistency of the rutting parameters (Example 28).
Example 28
Each survey vehicle will be required to survey the two road routes twice and rut depths for the
nearside and offside wheel paths reported for each 10m. Average rut depths, for each wheel path,
shall be calculated using all runs from every vehicle. The difference between this average rut depth
and the individually measured rut depths shall be calculated for each survey, each vehicle and each
10m length on the survey route. The standard deviation of all values shall be calculated for each 10m
length. The fleet will be considered to be consistent if


At least 65% of the differences between the repeat measurements and the average fall within
1.5mm.

At least 95% of the differences between the repeat measurements and the average fall
within 3mm.

95% of the standard deviations shall be less than 3mm.
The same test will be applied to rut depth measurements from the offside wheel path.
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HiSPEQ3: 4

Quality Assurance

HiSPEQ recommends that the QA process tests the quality of the rutting parameters and
therefore, sections covering QA of rutting parameters have been included in the specification
template.

HiSPEQ3: 4.1

QA for rutting parameters

HiSPEQ3: 4.1.1QA tests and requirements for accuracy of rutting parameters
It is suggested that QA should focus on the ability to ensure consistency, as accuracy is
checked under the accreditation regime. Therefore, checking the accuracy during QA could
be considered optional, or at least, could be performed less frequently than consistency
tests.
If the accuracy of the parameters is to be tested, there is a need to define how the tests will
be performed. Beneficial, but not essential, information includes what method(s) or
equipment will be used to provide reference data; how often the reference data will be
updated; how the data will be compared to/assessed against the reference, including the
assessment length (we would recommend that the assessment length used is the same as
the reporting length for the parameter).
Essential information includes the requirements for the accuracy of each parameter (whether
delivered by the contractor, or calculated from measured data) (Example 29).
Example 29
Network sites, already surveyed by the contractor, will be selected on which to carry out accuracy
testing. The sites will comprise up to 5% of the network surveyed and will be surveyed with the
reference device within 2 weeks of being surveyed by the equipment. The average of two repeat
surveys will be used to provide the reference data and the transverse profiles from these surveys will
be processed with RutCalc to obtain reference rut depths for each 10m reporting length on the sites.
The difference between the measured rutting values and reference rutting values for each 10m length
will be calculated. The accuracy of the equipment will be acceptable if:



65% of the differences lie within ±2mm
95% of the differences lie within ±4mm.

HiSPEQ3: 4.1.2QA tests and requirements for system repeatability for rutting
parameters
The recommended approach to monitor the repeatability and consistency of the survey
equipment throughout the duration of the survey is to require the contractor to survey a
number of QA reference sites soon after accreditation and then at regular intervals
throughout the duration of the survey contract.
The reference sites should be representative of the condition found on the network and be
evenly spread around the network to be surveyed. This will mean that the contractor will not
have large travel times to get from the area in which they are working, to one of the QA
reference sites. The contractor should be required to survey one of the reference sites on at
least a monthly basis (preferably more frequently, if large distances are being surveyed).
The data from these surveys can then be compared to the original data (that measured soon
after accreditation) in a similar way to the accuracy tests used for accreditation (using the
original data as the reference) (Example 30).
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Example 30
The equipment will survey four sites on the road network within two weeks of accreditation. The
average rut depths, from the nearside and offside wheel paths will be calculated for each 10m
reporting length on the sites. This data will be known as the “original data”.
The equipment will be required to survey at least one of these sites on a monthly basis and the
contractor will perform the following comparison:



Calculate the difference between the measured and original nearside rut depths;
Calculate the difference between the measured and original offside rut depths;

The results of this comparison should then be provided to the Survey Commissioner. The data will be
considered to be acceptable if:



At least 65% of the differences fall within ±1.5mm and
At least 95% of the differences fall within ±3.0mm for both the nearside and the offside data.

HiSPEQ3: 4.1.3QA tests and requirements for fleet consistency for rutting parameters
Fleet consistency can be checked during the accreditation tests and, if equipment can be
shown to be consistent with itself for the duration of the survey contract, it can be assumed
that it will also remain consistent with other equipment in the fleet. Also, to test fleet
consistency would require each survey equipment vehicle to survey the same length of road,
which may not be convenient if they are spread around the country, surveying different
areas.
Therefore, checking the fleet consistency during QA could be considered optional, or at least,
could be performed less frequently than consistency tests.
If fleet consistency is to be tested, a test site or sites should be chosen and all vehicles
required to survey this in a short space of time (e.g. within 2 weeks) on a regular basis. A
similar test to that used for the accreditation (HiSPEQ3: 3.3.3) can then be used to assess
the quality of the data (Example 31).
Example 31
Every two months, the contractor will chose a site (>10km long) on the road network on which to
perform the fleet consistency tests. Each survey vehicle will be required to survey this site within a two
week period.
Average rut depths, for each wheel path, shall be calculated using all runs from every vehicle. The
difference between this average rut depth and the individually measured rut depths shall be calculated
for each survey, each vehicle and each 10m length on the survey route. The standard deviation of all
values shall be calculated for each 10m length. The fleet will be considered to be consistent if


At least 65% of the differences between the repeat measurements and the average fall within
1.5mm.



At least 95% of the differences between the repeat measurements and the average fall
within 3mm.


95% of the standard deviations shall be less than 3mm.
For rut depth measurements from both the nearside and the offside wheel paths.
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HiSPEQ4 SPECIFICATION FOR PAVEMENT
LONGITUDINAL EVENNESS MEASUREMENT
HiSPEQ4: 1

Measurement of longitudinal profile

The longitudinal profile is the interface of the road surface and a conventional reference
plane that is perpendicular to the road surface and parallel to the lane direction (as defined
EN13036-6, see Figure 32). The longitudinal profile covers different features of a road
depending on its wavelength. By definition, unevenness covers a wavelengths range from
0.5 m up to 50 m (see Figure 33). From a road user’s point of view, longitudinal evenness
mainly affects comfort. The rougher a road is, the more uncomfortable the road user will feel
during a ride. From the road operator’s point of view, the longitudinal evenness of a road also
has an impact on durability. Unevenness leads to a dynamic increase in wheel loads that
shortens the life of a road, especially if a road has a high proportion of heavy vehicles.
Increased wheel loads occur locally concentrated where single obstacles in the wheel tracks
are located and accelerate the deterioration process there.

Figure 32: Graphical representation of the longitudinal profile

Figure 33: Wavelengths ranges of a longitudinal profile.

HiSPEQ4-102

HiSPEQ4: 1.1

Requirements for longitudinal profile measurement

HiSPEQ4: 1.1.1Where to measure
Case Study 48 shows the findings of the HeRoad project in terms of where longitudinal
profile is measured in different countries. As a minimum the longitudinal profile should be
measured in the nearside wheel path. However, there is evidence and experience in Europe
to show the benefits of surveys in additional measurement lines, as shown in Case Study 49
and Case Study 50. Therefore HiSPEQ recommends that surveys also include measurement
of longitudinal profile in the offside wheel path.
Case Study 48: Position of measurement of longitudinal profile and vertical laser
resolution required
The position of measurement of longitudinal profile was reviewed, for a number of CEDR countries, in
the HeRoad project (Benbow, E., Wright, A.: D1.1 Pavement performance assessment; HeRoad
deliverable, 2012). The review of existing survey specifications carried out within HiSPEQ also
identified which measurement positions were specified and if vertical resolution for the laser was a
requirement.
Country

Measurement position

Vertical resolution of laser

Australia

Both wheel paths

Not specified

Austria

Nearside (right) wheel path

0.01mm

British Columbia, Canada

Both wheel paths

≤0.1mm

France

Both wheel paths,
middle line optional

Germany

Nearside wheel path

0.2mm

Ireland

Both wheel paths

<0.1mm

Morocco

Nearside wheel path

Between 0.025 and 0.1 mm

Netherlands

Both wheel paths

Not specified

New Zealand

Both wheel paths

0.05mm

Slovenia

Nearside wheel path

Not specified

Sweden

Both wheel paths

Not specified

UK

Both wheel paths

Not specified

USA: California

Both wheel paths

≤0.1mm

USA: Louisiana

Both wheel paths

Between 0.1 and 0.2mm

.
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third

Not specified

Case Study 49: Measurement of profile in the offside wheel path
Longitudinal profile used to only be measured in the nearside wheel path in the UK. However, it was
noted that many local roads have patches, utility trenches and haunch repairs and thus the profile in
the offside wheel path would not necessarily match that in the nearside. This was confirmed by
research that showed that a notable number of lengths with poor ride quality were missed when
survey data was only collected in the nearside wheel path (Benbow, 2006). Thus, the additional
measurement of the longitudinal profile in the offside wheel path was introduced for the local road
network in 2007.
In the past, most repairs on the primary road network would be carried out by replacing or resurfacing
whole lane widths, however, more recently, patches and haunch repairs have been used, in a bid to
reduce costs and unnecessary maintenance. Therefore, whilst using only nearside measurements of
longitudinal profile may have been representative of overall ride quality on trunk roads in the past, it
was felt that this might not be the case now. An analysis of almost 400km of network data suggested
that over one and a half times as much of the network could be experienced as having poor ride
quality by the users, than is currently identified by measurements from only the nearside wheel path.
Therefore, the measurement of longitudinal profile in the offside wheel path was added to the survey
of primary roads in 2013.

Case Study 50: Measurement of profile in additional lines
In Sweden, the position of the lines in which to measure longitudinal profile, was chosen to fit the
position of a light vehicle (car), corresponding to a lateral difference of ~1.5m. However, studies have
shown that the distances between the position of the maximum ruts in the left and right side of the
lane are often more than this (Figure 34). Thus the addition of a third measurement line has been
considered, to correspond better to heavy trucks. For the definition of maximum rut, see Figure 35.

Figure 34: Change in distance between left and right rut
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Case Study 50 continued

Figure 35: Definition of maximum rut
Analysis was performed on transverse profiles from 700 km of survey data, where the maximum rut
depth exceeded 7.5mm. The data was summarized and an average and standard deviation was
calculated. It was found that almost 40% of the positions calculated for the maximum left rut occurred
in the just one position, suggesting that light and heavy trucks travel in the same lateral position in the
left part of the lane. However, there appeared to be two frequently occurring positions for the right
maximum rut, corresponding to the path of light traffic and heavy traffic.
This information was used to suggest the addition of a third line of measurement of longitudinal profile,
approximately 250mm to the right of the existing right measurement path. The profile is currently
(2015) being used to calculate localized roughness that will be experienced by heavy trucks (chassis
and wheel acceleration from a quarter car model with parameters for heavy trucks).

HiSPEQ4: 1.1.2 Wheel path spacing
Most countries specify the spacing between left and right wheel path to be between 1.5 and
1.8m (Case Study 51), which is equivalent to the gauge of a truck. This spacing will ensure
that the profile data can be collected where trucks commonly travel, where most evenness
problems are to be expected. Therefore, HiSPEQ recommends that the distance between
the two wheel paths is specified to be 1.5 to 1.8 m.
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Case Study 51: Wheel path spacing in different countries.

Figure 36: Specification of distance between the two major wheel paths (left and right)
in different countries. Dotted lines show variable widths. Zero marks the
position of the right wheel path.

HiSPEQ4: 1.1.3 Vertical accuracy
The vertical accuracy of each measured point should be 0.1 mm or to ensure accurate
determination of ride quality (EN13036-5). Many countries specify this requirement (Case
Study 48).
HiSPEQ4: 1.1.4 Units and resolution
The longitudinal profile measurements should be reported in mm, to a resolution of 1 decimal
place.
HiSPEQ4: 1.1.5 Spacing (sampling interval)
Common practice is for longitudinal profile measurement points to be spaced within the
range 0.01 to 0.1m (Case Study 52). The measurement spacing (or sampling interval) can
have an effect on the accuracy of any parameters calculated (Case Study 53). It is
recommended that longitudinal spacing between profile points should be at most 0.1 m. This
allows the assessment of the road shape to assess features with lengths (referred to as
“wavelengths”) down to 0.2 mm (see Case Study 54). This should assist in the ability to
assess bump-like features (see the parameters section, HiSPEQ4: 2). This spacing is also
set to be equivalent to the longitudinal spacing required between transverse profiles
(HiSPEQ3), which should simplify data collection and delivery by survey contractors
employing multiple devices.
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Case Study 52: Spacing of longitudinal profile measurements
The spacing of longitudinal profile measurements was reviewed in the HeRoad project (Benbow, E.,
Wright, A.: D1.1 Pavement performance assessment; HeRoad deliverable, 2012) and also covered in
the review carried out with the HiSPEQ project.
Country

Measurement interval

Reporting interval

Australia

Not greater than 0.05m

0.1m

Austria

0.05m

0.1m

British Columbia, Canada

≤0.025m

0.1m

Germany

0.01m

0.1m

Ireland

≤0.01m

0.1m

Netherlands

≤0.01m

0.1m

New Zealand

0.05m

Not specified

Slovenia

≤0.1m

0.1m

Sweden

≤0.1m

0.1m

UK

≤0.01m

0.1m

USA: California

≤0.025m

Not specified

USA: Louisiana

Between 0.025m and 0.15m

Not specified

.

Case Study 53: Effect of sampling interval longitudinal profile on IRI
In general, all longitudinal profile equipment processes the profile that it measures to produce the
profile that it then reports. For example, some equipment may discretely measure the profile at a fixed
spatial sampling rate, whilst others may measure it at a fixed temporal rate. Then the profile may, or
may not, be average over some length to produce the reported profile.
The FILTER study (Willet, M., Magnusson, G., Ferne, B.W (2000): “FILTER – Theoretical Study of
indices”; FEHRL Technical Note 2000/02) considered the effect of varying the sampling interval on a
number of longitudinal profile parameters.
th

The results showed that the 95 percentile of absolute error varied from 0.12%, through 1.0%, 1.1% to
over 10% (when compared to a reference profile with interval 0.52mm) when the sampling interval is
increase to 25mm, 50mm, 100mm and 400mm respectively.
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Case Study 54: Sampling interval
In order to “see” a sinusoid in a digital signal (e.g. a sampled road profile), it is necessary to set the
sampling interval to be no larger than 1/2 the wavelength of the sinusoid, as shown below. This is
called the “Nyquist sampling theorem.” So, if the shortest wavelength of interest is 0.5 m, the sample
interval must be 0.25 m or shorter.

Figure 37 Sinusoid Definition (sinusoid is defined by wavelength, amplitude and phase)

Figure 38: Example for a sufficient low sampling interval – the sinusoid is fully represented by
the red points.

Figure 39: Example for a too wide sampling interval – the sinusoid is not fully represented by
the red points

HiSPEQ4: 1.1.6 Wavelength range
The wavelength range of the longitudinal profiles should be limited to lie between 0.5 and 50
m which is defined in EN 13036-5 as the range for longitudinal evenness.
Lowering the wavelength limit to e.g. 0.2 m would include smaller features (cracks, potholes,
etc.) in the longitudinal profile. As these features do not have a “linear” but more a 2dimensional characteristic; these features are usually evaluated using images. Above the
wavelength limit of 50 m, features of the vertical alignment of the road (crests of hills and
valleys) are represented in the longitudinal profile, which is not desirable because they are
not a result of defects. For that reason, wavelengths below 0.5 and above 50 m are cut out of
the profile – a mathematical process that is called “filtering” (Case study 55).
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Case study 55: Profile filtering
The collected raw profile in the top diagram contains wavelengths from 0 to >200 m. Using filtering, it
is separated into three profiles, one containing the short wavelengths (below 0.5 m), one containing
the wavelengths defined as longitudinal evenness (0.5 to 50 m) and one containing long wavelengths
larger than 50 m. Note the different amplitude heights of the filtered profiles – the longer the
wavelengths are, the higher the amplitudes get.
If you mathematically add the three filtered profiles, you get back the original profile.

HiSPEQ4: 1.1.7 Location referencing
All measurements should be referenced to the network, in accordance with HiSPEQ2:
SPECIFICATION FOR REFERENCING DATA TO THE NETWORK.
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HiSPEQ4: 1.2 Survey conditions affecting the measurement of
longitudinal profile
HiSPEQ4: 1.2.1Damp or wet road surface
Currently, there are two principles of longitudinal profile measurement: The GM and HRM
principles. Both of these approaches are based on laser measurements.
Laser measurement systems are affected by the amount of water present on the road
surface and measurements made with these systems, when the road is damp or wet, can
generally be considered unreliable. Therefore, for surveys which include a measurement of
longitudinal profile, the survey specification should state that surveys must only be performed
when the road surface is dry.
HiSPEQ4: 1.2.2Speed and acceleration
The measurement speed for valid measurements should be oriented at the actual speed limit
to avoid traffic obstruction. However, if too strict a definition of the allowed survey speed
were to be specified, this could lead to large lengths of missing/invalid data if roads with high
traffic volume are to be surveyed.
Depending on the measurement equipment used, it may be necessary to define a minimum
speed for valid measurements: The GM principle of measuring longitudinal profile combines
measurements of height (from a laser fixed to the survey vehicle) with measurements of
vehicle movement (from an accelerometer). The quality of data provided by the
accelerometer is affected by the survey vehicle’s speed and its acceleration/deceleration
(Case Study 56). Reliable data is unlikely to be provided by the system when the vehicle is
travelling below 20km/h or accelerating/decelerating in excess of 1-2m/s2.
If the contractor is using a GM system, the accreditation tests should include a number of
repeat surveys under controlled conditions. The data from these repeat surveys can be used
to determine at what speed the system no longer provides data of acceptable quality, thus
enabling you to set a minimum survey speed for the collection of longitudinal profile data.
Similarly, an upper limit for acceleration and deceleration can be determined.
Measurement systems based on the HRM principle do not use accelerometers and thus are
unaffected by survey speed.
Case Study 56: Effect of speed and acceleration on longitudinal profile
When a 900m long test track site was surveyed by a GM device, the following accuracy for IRI shown
in the left plot of Figure 40 was obtained. It can be seen that, up to a speed of 40km/h, the accuracy
of the data improves, with increasing speed. Similarly, when the device performed surveys including
lengths of deceleration, the accuracy of the data deteriorates with increasing deceleration (right plot of
Figure 40).
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Figure 40: Increasing accuracy with increasing speed (left) and decreasing accuracy
with increasing deceleration (right)
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HiSPEQ4: 2

Parameters

Longitudinal Profile parameters are used to determine if the pavement is providing an
acceptable level of serviceability for the user. When this is not the case, indices can help to
identify physical deficiencies of the pavement. With longitudinal profile parameters it is
possible to identify parts of the network with levels of unevenness that are not acceptable.
This can help to allocate budget for maintenance but also the effectiveness of maintenance
policies by time.
A number of projects have already considered the processing, interpretation and use of
longitudinal profile data within an asset management context, for applications such as
network level condition indices, scheme identification and prioritisation and whole life costing.
HiSPEQ has not sought to develop new data processing and interpretation techniques for
asset management, as that is outside the scope of HiSPEQ. However, HiSPEQ has
reviewed and assess the types of data processing that can be applied to longitudinal profile
data, in order to present the road administration with options on how to assess their data, as
summarised in the following sections.

HiSPEQ4: 2.1

Parameter Definitions

The standard prEN 13036-5 advises that there are three different approaches to calculating a
general ride quality parameter:




Vehicle response analysis.
Wave band analysis.
Characterisation of the Power Spectrum Density (PSD).

The first of these approaches attempts to simulate the response of a vehicle to the profile
and then provides an indication of the level of ride quality that may be experienced.
Because a longitudinal profile can be considered to be a type of signal, it can be represented
as a sum of sine waves. Each of these sine waves will have an associated wavelength (i.e.
the distance between the adjacent peaks of the wave) and thus we can say that the
longitudinal profile contains features of differing wavelengths. Unevenness is defined to be
wavelengths in the range 0.5 to 50m (EN 13036-5) and the exact wavelength content of the
profile and the amplitudes of those waves will have a large effect on the level of ride quality
experienced by a person travelling on the road. The latter two of the above approaches focus
on this property. In wave band analysis the profile is split into different wave band limited
profiles using filters, with the wave bands generally representing different features of ride
quality. PSD analysis is similar, but with the enhancement that spatial information is retained.
Figure 41 shows the overall process of calculating such parameters from the longitudinal
profile.
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Figure 41: General process on calculation of evenness indices (from EN 130365; references to the EN standard chapters in parenthesis)
The HeRoad and FILTER projects provide a very useful source of information on the
processing of longitudinal profile data. The FILTER project aimed to provide European
highway research laboratories (FEHRL) and standardisation bodies with the knowledge
required to harmonise the methods of measuring and assessing road evenness. Although
FILTER delivered its results at the turn of the Millennium, the project outcomes are far from
obsolete. Several algorithms used in Europe to derive parameters from longitudinal profiles,
were identified23. Summaries of the definitions of some of these indices were provided by the
23

Willet, M., Magnusson, G., Ferne, B.W (2000): FILTER – Theoretical Study of indices; FEHRL
Technical Note 2000/02
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FILTER project. HeRoad reviewed how pavement condition is routinely assessed across the
CEDR members, covering Austria, Belgium, Denmark, Finland, France, Ireland, Lithuania,
The Netherlands, Norway, Slovenia, Sweden and the United Kingdom, particularly
considering the use of new techniques for routine assessment. Information was primarily
sought from individual countries by carrying out a consultation. This was also complemented
with a review of literature and other projects in the then ERA-NET call. The additional
sources of data were COST354 database; FILTER project; FORMAT project; ASCAM
project; EVITA project; Toolbox project; MIRAVEC project; HERMES project, and HEATCO
project24 (Benbow & Wright, 2012).
Similarly to FILTER, HeRoad found that a number of parameters are used to represent user
comfort, with the majority of countries calculating IRI (International Roughness Index).
However, there are exceptions e.g. Austria supplementing the IRI with their own measure,
the WLP (Weighted Longitudinal Profile). Belgium uses CP (Coefficient de planéité), France
short, medium and long wavelengths NBO (Notation per Bandes d’Onde), UK eLPV
(Enhanced Longitudinal Profile Variance), moving average LPV and Bump Measure.
Based on HiSPEQ’s review, the following parameters are currently applied in Europe:






















IRI – International Roughness Index;
HRI – Half-car Roughness Index;
3 m, 10 m and 30 m longitudinal profile variance (LPV);
G(n0) and w according to ISO 8608;
CP2,5, CP10 and CP40 – Coefficient de Planéité on 2,5 m, 10 m and 40 m basis;
NBO (short, medium and long wavelength range) – Note par Bande d’Onde;
5 metres straight edge;
PI – Profile index
RN – Ride Number;
AUN and W, as used in Germany;
Standard deviation from 3m, 10m, 30m moving average;
Periodic unevenness height;
Periodic unevenness wavelength;
C as used in Czech Republic;
SWE, MWE and LWE – Short, Medium and Long Wavelength Energy;
Deviation for 3m straight edge as used in Russia;
RMS value for wavebands 0.5-2.5m, 2.5-10m and 10-50m;
Slope Variance;
Enhanced Longitudinal Profile Variance (eLPV)
Weighted Longitudinal Profile (WLP)
Bump Measure.

Definitions for most of these parameters are given in the following sections.
HiSPEQ4: 2.1.1International Roughness Index (IRI)
The IRI is an index computed from a longitudinal road profile measurement using a virtual
response type system, quarter-car simulation. The calculation procedure is:


24

IRI is computed from a single longitudinal road profile. The sampling interval should
be no larger than 125 mm for accurate calculations. The required vertical sensor
resolution depends on the evenness level, with finer resolution being needed for
smooth roads. A vertical sensor resolution of 0.5 mm is suitable for all conditions;

Benbow, E. and Wright, A (2012): “D1.1 Pavement performance assessment” HeRoad deliverable
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The profile is assumed to have a constant slope between sampled elevation points;
The profile is smoothed with a moving average whose base length is 250 mm;
The smoothed profile is filtered using a quarter-car simulation, with specific parameter
values, at a simulated speed of 80 km/h;
The simulated suspension motion is linearly accumulated and divided by the length of
the profile to yield IRI. Thus, IRI has units of slope, such as millimetres per meter or
metres per kilometre.

A comprehensive definition of the IRI calculation will be given in the latest version of
13036:5.
HiSPEQ4: 2.1.2 HRI
The half-car roughness index (HRI) uses the same algorithm as the IRI. However, the profile
is the average of the profile from both wheel paths. The response of the HRI was therefore
not considered separately from the IRI in the FILTER project.
HiSPEQ4: 2.1.3 PI
The Profile Index (PI) is calculated using the following steps:
1. The measured profile is filtered with a 250mm low-pass moving average filter (see
HiSPEQ4: 1.1 for a discussion of filters).
2. The filtered profile is then filtered again using a quarter-car model. However, the
constants are different from those used for IRI.
3. The root-mean-square (RMS) of the displacement between the sprung mass (the
simulated quarter car’s body) and un-sprung mass (the simulated quarter car’s axle) in
the quarter car model is calculated to give the PI.
PI is a unit-less quantity.
HiSPEQ4: 2.1.4 Ride Number
The Ride Number (RN) is calculated using the following steps:
1. Calculate the PI.
2. Transform the PI into RN using an exponential function. RN can take values between 0
and 5: 5 being very smooth, 0 being very rough.
RN is a unit-less quantity.
HiSPEQ4: 2.1.5 Longitudinal Profile Variance (LPV)
There are three LPV parameters calculated: 3m, 10m and 30m. 3m longitudinal profile
variance.is calculated as follows:
1. A high-pass moving average filter of base length 3m is applied to the measured profile.
2. The filtered points are squared.
3. The squared values are then averaged over the reporting interval.
10m and 30m longitudinal profile variance are calculated similarly but using a 10 m base
length and 30 m base length respectively. Values of LPV are usually quoted in mm2.
HiSPEQ4: 2.1.6 Enhanced Longitudinal Profile Variance (eLPV)
There are three eLPV calculated: 3m, 10m and 30m. These are calculated in a very similar
way to LPV, only a digital filter, which attenuates wavelengths of >-3m, 10m and 30m
respectively, is used instead of the moving average filter. Values of eLPV are usually quoted
in mm2. A comprehensive definition of the eLPV calculation will be given in the latest version
of 13036:5.
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HiSPEQ4: 2.1.7 Coefficient de planèite
There are three coefficient de planèite calculated: CP2.5, CP10 and CP40. To obtain CP 2.5
the following steps are used:
1. A low-pass moving average filter of base length 2.5m is applied to the measured profile.
This smoothed profile is used as a datum line.
2. The magnitude of the area between the datum line and the original profile are summed
and divided by two.
3. The summed value is normalised to unit length.
CP10 and CP40 are calculated similarly but using a base length of 10 m and 40 m
respectively. The CP unit has the following dimensions: 1 CP = 10-5 m = 104 mm2/km.
HiSPEQ4: 2.1.8 G(n0) and w to ISO 860825
In order to obtain G(n0) and w to ISO 8608 the following steps are used:
1. The profile is de-trended using a high-pass filter or a low order polynomial best fit;
2. The profile is filtered using an anti-aliasing filter;
3. The profile is converted to a Power Spectral Density (PSD) using a Fast Fourier
Transform (FFT);
4. The PSD is smoothed in frequency bands;
5. A function of the form G(n)=G(n0)(n/n0)-w is fitted to the smoothed PSD, where G(n) is the
PSD at spatial frequency n and n0 is the spatial frequency corresponding to a
wavelength of 2πm.
Values of G(n0) are normally quoted in m3, w is unit-less.
HiSPEQ4: 2.1.9 AUN and w
In order to obtain AUN and w to ISO 860825 the following steps are used:
1. The profile is de-trended using a high-pass moving average filter;
2. The profile is filtered using a Cosine Digital Tapering window anti-aliasing filter;
3. The profile is converted to a Power Spectral Density (PSD) using a Fast Fourier
Transform (FFT);
4. The PSD is smoothed in frequency bands;
5. A function of the form G(Ω)=G(Ω 0)( Ω / Ω 0)-w is fitted to the smoothed PSD, where G(Ω)
is the PSD at the angular spatial frequency Ω and Ω 0 is the spatial frequency
corresponding to a wavelength of 2πm. AUN= G(Ω 0).
The values of AUN are normally quoted in m3, w is unit-less.
HiSPEQ4: 2.1.10
Wavelength Energy
In order to obtain Short Wavelength Energy (SWE), the following steps are used:
1. The measured profile is filtered such that wavelengths less than 0.7m and greater than
2.8 m are greatly attenuated. This is achieved using a Chebyshev Type I linear digital
bandpass filter.
2. The filtered points are squared.
3. The squared values are summed over the reporting interval (usually 200m).
4. The sum is multiplied by the length of the sampling interval.
Medium Wavelength Energy (MWE) and Long Wavelength Energy (LWE) are calculated
similarly but the band-pass filter greatly attenuates wavelengths less than 2.8m and greater
25

International Standards Organisation (1995): “Mechanical vibration – Road surface profiles –
Reporting of measured data”, ISO 8608: 1995
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than 11.2m and less than 11.2m and greater than 44.8m respectively. Values of SWE, MWE
and LWE are usually quoted in cm3. A comprehensive definition of the Wavelength Energy
calculations will be given in the latest version of 13036:5.
HiSPEQ4: 2.1.11
Notation par Bandes d’Onde (NBO)
There are three NBO parameters calculated: Short wavelength, medium wavelength and
long wavelength. In order to obtain the short wavelength NBO the following steps are used:
1. Calculate the SWE.
2. Convert the SWE into a 10-point scale (1 being the roughest, 10 being the smoothest)
using a logarithmic transformation.
Medium and long wavelength NBO are calculated similarly but using the MWE and LWE
respectively. Values of NBO are unit-less.
HiSPEQ4: 2.1.12
Standard deviation from a moving average
To obtain standard deviation from a 3m moving average, the following steps are used:
1.
2.
3.
4.

A high-pass moving average filter of base length 3m is applied to the measured profile;
The filtered points are squared;
The squared values are then averaged over the reporting interval;
The square root of the average is then taken.

Standard deviations from a 10m and 30m moving average are calculated similarly, using
filters with 10m and 30m base lengths respectively. Standard deviations are quoted in mm.
HiSPEQ4: 2.1.13
Weighted Longitudinal Profile (WLP)
The WLP is the longitudinal pavement profile which has been weighted by a weighting
function in the frequency domain. The weighting function enhances small wavelengths and
decreases large wavelengths in such a way that their respective power contents become
measurable later by the same scale in the spatial domain. Following the weighting of the
spectrum, the WLP is calculated by carrying out the following steps:
1. Resample the longitudinal profile at a fixed spatial sampling interval of 0.1 m;
2. Calculate the weighted Fourier transform of the profile, using wavelength cut-offs of
0.5m and 50m
3. Multiply the Fourier transform by a weighting factor
4. Filter the weighted Fourier transform in 9 successive octave bands, covering the
wavelengths between 0.2 and 102.4m;
5. Calculate the inverse Fourier transform of each of the 9 individual octave-band filtered
transforms;
6. Multiply the octave band-filtered signals by pre-factors (which take into account their
respective power distributions to the total power content);
7. Add up the signals to give the WLP.
The WLP is then characterized by the standard deviation, WLP, and the range of variation,
WLP and the ratio of sigma and delta is used to give information about the evenness
characteristics of a section. A comprehensive definition of the WLP calculation will be given
in the latest version of 13036:5.
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HiSPEQ4: 2.1.14
Bump Measure
The Bump Measure is calculated as follows:
1. Calculate the derivatives for a set of raw profile measurements {Pi}, measured at
distances {xi}:

P' i 

Pi  n  Pi n
, where n is the smallest number where xi+n-xi-n≥0.2m
xi  n  xi  n

and

P' ' i 

P'i  n  P'i n ( Pi  2 n  Pi )( xi  xi 2 n ) ( Pi  Pi 2 n )( xi  2 n  xi )

xi  n  xi  n
( xi  2 n  xi )( xi  n  xn)( xi  xi 2 n )

2. Calculate the maximum of the P’ and the maximum of the P’’ in each 1m length, F’ and
F’’ respectively.
3. Any 1m length where F’ and F’’ exceed certain thresholds is deemed to contain a bump.
The bump measure is reported as a value of 1 (length contains a bump) or 0 and is unit-less.
HiSPEQ4: 2.1.15
Wavelength response of the parameters
To determine the range of wavelengths that the parameters respond to, the FILTER project
calculated the transfer function for each. The results of this are given in Table 7 (using a
weighted transform function23).

Table 7: Parameter type and wavelength responses

Vehicle response

Short wavelength
cut-off
1.1m

Long wavelength
cut-off
34.7m

3m LPV

Waveband analysis

1.5m

11.0m

10m LPV

Waveband analysis

4.8m

35.6m

30m LPV

Waveband analysis

14.3m

>100m

CP2.5

Waveband analysis

0.48m

20.3m

CP10

Waveband analysis

2.1m

82.1m

CP40

Waveband analysis

8.6m

>100m

Short NBO*

Waveband analysis

1.2m

3.0m

Medium NBO*

Waveband analysis

5.0m

12.2m

Long NBO*

Waveband analysis

17.3m

49.6m

3m eLPV†

Waveband analysis

1.5m

5.7m

10m eLPV†

Waveband analysis

5.1m

19.6m

30m eLPV†

Waveband analysis

14.4m

53.2m

WLP‡

PSD characterisation

0.5m

50m

Parameter

Type of parameter

IRI

* Since NBO is a non-linear index, the wavelength response was not calculated during the FILTER project.
However, it can be inferred from the wavelength response of the Wavelength Energy parameter, since this is a
precursor to NBO.
† The wavelength response of eLPV was not calculated during the FILTER project. However, the same analysis
method has been followed, to obtain the results presented.
‡WLP is a PSD based index and therefore it is not possible to calculate its transfer function. However, within the
calculation of the WLP, a lower limit of 0.5m and an upper limit of 50m are applied and these have been used to
estimate the wavelength range of this parameter.
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HiSPEQ4: 2.2

Choosing Parameters

HiSPEQ4: 2.2.1

Information required from parameters
For the assessment of longitudinal unevenness two basic types of parameters are desirable:



Parameters that describe the effect of the road upon the road user, and
Parameters that describe the physical condition of the road.

These parameters are then used to:



Determine if the pavement is providing an acceptable level of serviceability,
Identify the physical deficiency of the pavement.

The following are therefore the requirements from a parameter to assess unevenness using
the measurement of longitudinal profile:




Ability to quantify the longitudinal evenness in required wavelength bands, e.g. short,
medium and long wavelengths.
Ability to identify periodic irregularities.
Ability to identify and locate singular irregularities.

HiSPEQ4: 2.2.2Which parameter to choose
A study assessing the use of three road profile parameters (IRI; PSD, and waveband
analysis) in relation to defining the need for maintenance came to the following
conclusions26:





IRI meets the needs for assessing the road condition, serviceability level, and setting
priorities for maintenance planning. However, various different profiles can give
equivalent IRI values and it is very difficult to detect localised defects using IRI.
PSD is suitable only if the road profile has the characteristics of a stationary signal; it
is valuable for detection of periodic defects in the road profile. For accurate
identification of periodic defects, long sample lengths are required27. Clearly, for the
identification of localised defects (bumps) it is desirable to assess short lengths.
However, this does not give very accurate PSD results.
Wave band energy analysis is convenient for both the evaluation of road
serviceability and the diagnosis of localised defects.

The FILTER study also found that most longitudinal parameters typically quantify the general
level of unevenness for a section of road pavement. Singular irregularities are not explicitly
identified. FILTER found that, even when the reporting length is short and irregularity very
distinctive it will have a small effect on the parameters. However, more recent parameters,
such as WLP and the Bump Measure (Case Study 57) are capable of identifying lengths
containing singular irregularities.

26

Delanne, Y., Pereira, P.A.A.: Advantages and Limits of Different Road Roughness Profile SignalProcessing Procedures Applied in Europe, Transportation Research Record 1764
27

Willet, M., Magnusson, G., Ferne, B.W (2000): FILTER – Theoretical Study of indices; FEHRL
Technical Note 2000/02
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Case Study 57: Identification of singular irregularities from the longitudinal profile
Surveys were undertaken, on the UK non-primary road network, using instrumented vehicles to obtain
a measure of user opinion in the areas of general ride and bumpiness (i.e. singular irregularities). The
vehicles included cars, a motorcycle and a push bike. The quantitative records of user opinion were
compared with longitudinal profile measurements obtained using a reference survey vehicle and the
data used to develop measures of general ride and bumpiness from the longitudinal profile data.
(Benbow E., K. Nesnas and A. Wright (2006): “Shape (surface form) of Local Roads”. TRL published
report PPR131).
It was found that whilst the parameters, currently used in the UK (LPV and eLPV) and also the IRI,
showed good agreement with the users’ opinion of general ride quality, they did not often highlight
lengths in which the users had reported a bump (i.e. a jolting, short-lived discomfort, caused by
features such as potholes, misaligned joints). Thus the Bump Measure was developed, in order to
provide a parameter that did highlight such features. This measure has now been implemented on the
non-primary road network and the primary road network.

Therefore, following the outcomes of the research that has been carried out and the wider
use in practice in consulted European countries HiSPEQ suggests that the following core
parameters be included when analysing the measured longitudinal profiles:





International Roughness Index (IRI),
Wave band analysis (calculating evenness-energy in three different wavelength
bands:
o Using the bi-octave processing, resulting in root-mean-square (RMS) over bioctave bands
or
o Using profile variance, resulting in Longitudinal profile variance over selected
wavelengths 3m LPV, 10m LPV, 30m LPV
And, so that localised irregularities can also be identified, report a parameter that
identifies these e.g. the Bump Measure, or the WLP

Some of the advantages and weaknesses of these proposed parameters are discussed in
Table 8. The parameters can be used for assessment (approval and performance control) of
new and old pavements. They can be used on rigid, flexible and gravel road surfaces. They
are suitable to produce evenness statistics covering the wavelength range 0.5 to 50m, which
cover most situations for cars. The calculation procedures (mathematical processing) for all
three methods are provided in EN standard (EN13036-5 Road and airfield surface
characteristics - Test methods - Part 5: Determination of longitudinal unevenness indices).
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Table 8: Advantages and weaknesses of proposed methods
Parameter

Advantages

Weaknesses

IRI can be computed over several
reporting lengths and can be used to
characterise general unevenness.
IRI

IRI is calculated in many countries, which
enables the ride quality/condition on one
road network to be easily compared with
another.
It is well defined and free software (e.g.
ProVal) can be obtained to calculate it

Profiles with different properties can give
equivalent IRI values.
It is not possible to determine the range
of wavelengths causing the unevenness
i.e. it is not possible to determine whether
the unevenness will cause poor ride
quality for trucks, cars, bicycles etc.
Does not identify lengths containing
singular irregularities.
Only responds well to wavelengths in the
profile between 1.1 and 34.7m

Waveband analyses can be computed
over several reporting lengths and can be
used to characterise general unevenness.
It is possible to determine the range of
wavelengths causing the unevenness i.e.
it is possible to determine whether the
unevenness will cause poor ride quality
for trucks, cars, bicycles etc. (see Case
Study 58).
Waveband
analysis

How to calculate some parameters
(based on waveband analysis) is
described in EN13036:5 and the
algorithms provided.
Models based on waveband analysis
show lower standard errors of estimates
than other parameters for evaluating the
road serviceability26.

Profiles with different properties can give
equivalent parameter values (although for
a much smaller range of profiles than IRI)
No particular set of parameters are
commonly used i.e. eLPV is used in
England but CP is used in Belgium.
The parameters do not identify lengths
containing singular irregularities.

A number of parameters can be used to
assess a large range of wavelengths
contained in the profile.
The WLP analysis is capable of
characterizing general unevenness,
periodic unevenness and singular
28
irregularities/defects/bumps .
WLP

The WLP tries to combine the
advantages of geometric (like Power
Spectral Density) and response based
approaches (like IRI).

The measure is currently only used in
Germany and Austria, so there is not
much experience with it.

Can be used to assess a large range of
wavelengths contained in the profile

28

Ueckermann, A. and B. Steinauer (2008): The Weighted Longitudinal Profile. A New Method to
Evaluate the Longitudinal Evenness of Roads, Road Materials and Pavement Design , vol. 9, no. 2,
pp. 135-157
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Case Study 58: The advantage of using waveband analysis to identify lengths of poor
ride quality
In an extensive review of research on human response to vibration under controlled laboratory
conditions, it was shown that humans are most sensitive to whole-body vibrations at low frequencies,
1
and in particular at the resonances of the human body i.e. the range 3 to 8 Hz .
Whether a specific range of wavelengths will cause such vibrations in a vehicle will depend on the
wheelbase length of the vehicle and its speed. Cars tend to travel at speeds between 50km/h and
-3
110km/h in the UK, and an acceleration of 40x10 g is the point at which discomfort starts to be
2
experienced , thus the range of wavelengths likely to affect them is 1.7m to 10.2m. HGVs tend to
-3
travel at speeds between 50km/h and 90km/h and an acceleration of 60x10 g is the point at which
3
discomfort starts to be experienced , thus the range of wavelengths likely to affect them is 4-15m.
Also, for major roads, the longest wavelength that excites suspensions into resonant vibration is less
4
than 30m .
Therefore in the UK, three enhanced longitudinal profile variances (eLPV) are used to determine ride
quality. These are the 3m, 10m and 30m eLPV, which are generated by applying filters to the
longitudinal profile that greatly attenuate wavelengths >3m, 10m and 30m respectively. The 3m
variance reflects the presence of small undulations in the road surface that may be more significant at
lower speeds, and affects car users most, whilst the 30m variance reflects the presence of long
wavelength undulations (e.g. subsidence) that would be most likely to affect ride quality at higher
speeds.
1

: D J Osborne (1976): “A critical assessment of studies relating whole body vibration to passenger comfort”.
Ergonomics 1976, Vol. 19. No. 6, p.751-774.
2

: D.R.C. Cooper and J.C. Young (1978): “Road surface irregularity and vehicle ride. Part 2 – riding comfort in
cars driven by the public”. TRL Supplementary Report SR400.
3

: D.R.C. Cooper and J.C. Young (1980): “Road surface irregularity and vehicle ride. Part 3 – riding comfort in
coaches and heavy goods vehicles”. TRL Supplementary Report SR560.
4

: P. G. Jordan (1984): “Measurement and assessment of unevenness on major roads”. TRL Laboratory Report
LR1125

HiSPEQ4: 2.3

Reporting Length for Parameters

From the reporting lengths listed in Case Study 59, it can be seen that the usual reporting
length of indices derived from the measured longitudinal profile varies between 10 m, 20 m,
50 m and 100 m. Most of the consulted countries use IRI as a derived index, for which the
usual reporting lengths would be 10 m, 20 m and 100 m. Nevertheless, 10 m and 100 m are
equally used also for reporting the eLPV and moving average LPV indices and 50m and
100m used for the WLP. For the purpose of European benchmarking a 100m evaluation
length is recommended for IRI (EN13036-5).
Thus HiSPEQ recommends that the general ride quality parameters are reported at 10m or
50m, intervals but evaluated over 100m intervals.
For the singular irregularity parameters (WLP, Bump Measure), it is recommended that the
reporting and evaluation intervals are the same and are set to reasonably small lengths e.g.
10m.
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Case Study 59: Ride quality parameters and reporting lengths used.
Longitudinal profile is widely measured on a routine basis on several countries’ networks, and ride
quality parameters calculated from this. The HeRoad project and the HiSPEQ review found that the
following parameters and reporting lengths were used.
Country

Ride Quality Parameters

Reporting Length

Australia

International Roughness index (IRI),
NAASRA optional (a measure based on the IRI)

100m

Austria

International Roughness index (IRI),
Weighted Longitudinal Profile (WLP)

50m

Belgium

Coefficient de planèite, CP2.5, 10, 40

BC, Canada

IRI for each wheel path

Denmark

IRI

Finland

IRI

France

Wavelength NBO (Notation par Bandes d’Onde)

Germany

50m

WLP, AUN, LWI (Längsebenheitswirkindex)

100m

IRI, 3m and 10m LPV

10m

Netherlands

IRI and HRI

10m and 100m

New Zealand

IRI

20m and 100m

Norway

IRI

Slovenia

IRI

20m and 100m

Sweden

IRI

20m

Enhanced Longitudinal Profile Variance (eLPV),
moving average LPV, Bump Measure

10m, 100m (motorways)
10m (local roads)

USA:
California

IRI

10m

USA:
Louisiana

IRI

0.1mile (160.9m)

Ireland

UK

.

HiSPEQ4: 2.4 Understanding severity - thresholds for the
Parameters
There appears to be no common approach to setting thresholds to classify the severity of the
pavement unevenness. For example, the ToolBox project found that for the countries that
routinely use IRI, different thresholds are applied to the IRI values, in order to obtain an
indicator of ride quality29. In Austria, thresholds of 3mm/m and 4.5mm/m are used to define
the warning and maintenance thresholds respectively, on motorways and major roads.
However, in Sweden, for roads with a posted speed of 120km/h and traffic levels of >2,000
ADT, the maintenance threshold is 2.4.

29

Benbow E, L Sjögren, J Lang, M Bouteldja, V Cerezo, R Spielhofer (2013): “ToolBox, Review of
Functional Triggers. Deliverable Nr 2”
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3m, 10m and 30m Variance are the parameters used to assess ride quality in the UK but
values of 3m and 10m Variance can be used to approximate IRI. Using the condition
thresholds applied to Variance results in an approximate IRI warning threshold of 2.69 mm/m
and a maintenance threshold of 5.16 mm/m.
The thresholds used for a parameter describing ride quality, such as IRI, should be based on
the levels of ride at which the ride quality becomes unacceptable to the road users. This
may be different for different types of road: Users are likely to expect better ride quality on a
motorway than on a minor road. Determining what these thresholds might be is outside of the
scope of the HiSPEQ project and thus, it is not possible to suggest values here.

HiSPEQ4-123

HiSPEQ4: 3

Accreditation

This section should include a description of the surveys that will need to be carried out, in
order to obtain data for the accreditation of longitudinal profile, IRI, or other parameters
derived from the longitudinal profile.
Choosing survey sites to provide measurement data for the assessment: It is likely that
reference longitudinal profile measurements will be provided by a slow speed method, or by
independent accredited survey equipment. In the former case a survey of a test track or
private road system would be beneficial, to eliminate the need for road closure or risk to
operator’s health. Also, if tests are performed, to assess the effect of speed on the
measurements or parameters, then it would be safer for this data to be collected by surveys
of a test track or private road network, where public access can be restricted. It is
recommended that the test track site is 1km or more in length.
Since the test track is unlikely to contain road construction or conditions that are
representative of the network to be surveyed, there is also a need to assess data collected
on lengths of the road network, particularly to assess system repeatability and fleet
consistency. The road network sites used to test longitudinal profile or ride quality
parameters should include a range of condition that is representative of that found on your
network i.e. there should be lengths where the road surface is fairly smooth, through to
lengths where the unevenness can clearly be seen. It is recommended that a minimum of
10km of road network sites be surveyed, with 100km preferred.
Repeat survey requirement: You should state how many times the equipment is required to
survey each test site: It would be recommended that this is a minimum of two repeat surveys,
per site, with three repeat surveys used if the repeatability of the data is to be tested.
Accreditation survey conditions: Ideally, the surveys should be carried out under normal
survey conditions, however, you may wish to specify extra requirements for this and these
should be specified here.
Testing for the effect of speed on the measurements: Longitudinal profile measurement
by equipment based on the GM principle of measurement is affected by the speed of the
vehicle, with the effect being particularly noticeable at low speeds. Equipment based on the
HRM principle is not usually affected but this cannot be ruled out. Therefore, it is
recommended that you include repeat surveys of the test track at a range of speeds, so that
the range of acceptable speeds can be determined during the first accreditation test.
Extent of tests: You should also briefly describe the extent of the tests i.e. whether
accuracy, repeatability and/or fleet consistency will be tested. The benefits of testing each
aspect are discussed in HiSPEQ1: 6.2.4.
Re-accreditation: This section should also specify if subsequent accreditation (i.e. reaccreditation) tests are different to the accreditation tests i.e. will there be less testing carried
out on the data?
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HiSPEQ4: 3.0 Contractor calibration of the longitudinal profile
measurement system
Some survey equipment needs to be regularly calibrated. It is likely that the longitudinal
profile will be measured using a laser based system, which is based on the GM or HRM
measurement principles (see HiSPEQ4E for a description of these principles). How
longitudinal profile lasers can be calibrated is presented in Case Study 60 and Case Study
61. The requirement for appropriate calibration can be specified, but not how calibration
should be achieved: The contractor should be able to inform you as to whether their systems
need calibration and, if so, how often and what they do to carry out calibration.
Case Study 60: Calibration of GM longitudinal profile system
A GM longitudinal profile system usually consists of a laser sensor and an accelerometer. The laser
sensor can be calibrated by placing a machined bar, with machined notches of known depth, beneath
the laser. The bar is then moved relative to the vehicle, so that the laser measures along the length of
the bar. The measurements recorded can then be used to calibrate the laser.
In order to calibrate the whole system, the contractor could survey a number of carefully selected test
sites at a number of different speeds. If the data collected matches that from previous surveys with
the same device, or other devices in their vehicle fleet, then the system can be considered to be
sufficiently calibrated.
Note: This calibration will only occur when the system is first built and then when upgrades or major
changes are made to the system.

Case Study 61: Calibration of HRM longitudinal profile system
Individual lasers are calibrated, to ensure correct reporting of height measurements.
The geometrical placement of the four lasers is very important, when calculating longitudinal profile
from an HRM system. To check this, a bespoke plate can be used, which has holes drilled in the
precise positions that each laser should measure in.

HiSPEQ4: 3.1

Accreditation of longitudinal profile

Data for assessment: If the measured longitudinal profile data is to be tested within the
accreditation, then there is a need to define what data will be used to perform the
assessment e.g. slow speed tests, surveys on a test track, surveys of the road network.
Slow speed tests of calibration surfaces, with a known shape e.g. a square or triangular
wave can be useful to demonstrate the equipment’s vertical resolution and accuracy. For
example, calibration surfaces similar to those described in ISO 13473-3:2002 (but with
features large enough for the system to measure).
The slow speed tests do not demonstrate the equipment’s ability to measure longitudinal
shape under normal survey conditions and therefore we recommend high speed surveys of a
test track or private road network in addition.
We would recommend that the surveys are performed in normal survey conditions (e.g. dry,
clean road) but you may wish to specify additional or alternative conditions and these should
be stated here.
HiSPEQ4: 3.1.1Accreditation tests and requirements for accuracy of longitudinal
profile
Devices and methods used to provide reference data: To test the accuracy of the
longitudinal profile measurements, you need to know what the true measurements are and,
to obtain these, you will need to use a reference device or method. It is not necessary to
inform the survey contractor of the device or method used to obtain the reference data but
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they will find it informative. Therefore, it has been suggested that the reference data is
described in this section i.e. what method(s)/equipment will be used, along with how often
the reference dataset will be updated (Example 32).
Example 32
Calibration surfaces:
Two calibration surfaces will be used:



Rectangular profile (each level 30mm wide, with peak-bottom 10mm, 20mm, 30mm, 40mm
and 50mm)
Staircase (30mm wide steps, each 1mm high).

Reference Measure for longitudinal profile:
The longitudinal profile of the test track being surveyed will be measured with the ARRB Walking
Profiler each time an accreditation test is carried out. The Walking Profiler records a single line of
longitudinal profile at a spacing of approximately 0.25m.

Examples of reference devices
HiSPEQ has identified the following reference devices for longitudinal profile:






ARRB Walking Profiler (https://www.arrb.com.au/Equipment-services/WalkingProfiler-G2.aspx, Figure 42)
SurPRO 4000 (http://www.surpro.com)
Rod and level
Reference profiler e.g. HARRIS2, MEFA (Figure 42)
Primal (VTI)

How the measured data will be compared to the reference: Again, it is not essential for
you to inform the survey contractor as to how the measured data will be compared to the
reference, in order to determine its accuracy. However, this information may help potential
survey contractors to know whether their equipment is likely to meet the accuracy
requirements.
Thus, it has been suggested that an explanation is given of how the measured data will be
compared to the reference data and assessed for accuracy, including whether individual
points will be compared, or whether you will e.g. calculate an average value for every 10m on
the survey route (Example 33). It may be that you need to longitudinally align the data,
before calculating the accuracy (Case Study 62).
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Figure 42: Potential longitudinal profile reference devices: ARRB walking
profile (left), MEFA profiler (top right), HARRIS2 profile (bottom right)

Example 33
Slow speed survey of calibration surfaces: The device will be expected to measure both calibration
surfaces, described in the table below. This will be achieved by placing the calibration surfaces on a
flat, horizontal floor, leaving a 0.25m gap between. The device will then drive over the surfaces at
slow speed, ensuring the surfaces lie in the measurement path of the equipment.
Type of profile

Test

Rectangular profile (each level 30mm long, with
peak-bottom 10mm, 20mm, 30mm, 40mm and
50mm)

Measure differences in profile between peak
and bottom of steps. Measure width of peaks
and troughs.

Staircase (30mm long steps, each 1mm high)

Measure differences in profile between middle of
each subsequent step.

It would be expected that all of the lengths and height measurements would lie within 95% of the
actual measurements.
Longitudinal profile from test track:
The longitudinal profile will be measured in each wheel path. A 3m moving average filter will be
applied to both the measured and the reference profiles. The filtered measured longitudinal profile and
the corresponding reference profile will be visually aligned and then the error between the measured
profile points and the reference profile points calculated. 95% of the measurements should lie within
2mm of the reference, for both the nearside and the offside profiles.
The correlation coefficient of the (aligned and filtered) reference and measured longitudinal profiles for
2
the whole site will be calculated. The requirement is that r ≥0.75 for both the nearside and the offside
profiles.
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Case Study 62: Data alignment during accreditation of longitudinal profile
As noted in Case Study 33, the start point of a survey is not always recorded in the same position by
measurement equipment. Therefore, in Sweden, in order to determine the accuracy of a profilers’
transverse profile and the accuracy and repeatability of the longitudinal profile, the measured data is
first fitted to the reference data. It has been found that data fitting is crucial especially when comparing
data of short presentation lengths.
To synchronize the longitudinal profiles from repeated measurements or measurements from different
devices the cross correlation method is used: The measured profile is shifted by between -50 and
+50m and the correlation coefficient calculated. Shifting the measured profile to achieve the
maximum correlation ensures that the profiles start at the same position before the comparison is
made. This is necessary to get reliable results.
Once the profiles are aligned, the correlation and quota of standard deviation from the tested profiles
is calculated, in to assess the accuracy and repeatability.

Valid survey speeds: You may also wish to inform the survey contractor as to how you will
determine the range of speeds for which measurements are valid (Example 34).
Example 34
A 3m moving average filter will be applied to the profiles collected during the repeat surveys, carried
out at different fixed speeds on the test track. These filtered profiles will be compared with the filtered
reference profile. The minimum and maximum speed for which less than 95% of the measurements lie
within 2mm of the reference will be calculated. Data will only be considered valid if the survey has
been performed within this range of speeds.

HiSPEQ4: 3.1.2Accreditation tests and requirements for system repeatability for
longitudinal profile
If you wish to test system repeatability, you will need to state what data will be used for the
assessment (e.g. repeat surveys of the test track, repeat surveys of a road site) and how the
data will be compared. You will also need to state the requirements for system repeatability
of the measured data (Example 35).
Example 35
Five repeat runs will be performed on the test track at survey speeds exceeding 30km/h.
A 3m moving average filter will be applied to the longitudinal profiles from each of the repeat runs. An
average profile will be calculated from all of these profiles. The cross correlation between each profile
and the average profile will be calculated. The cross correlation should exceed 0.75 for all profiles.

HiSPEQ4: 3.2

Accreditation of software to calculate parameters

If the survey contractor uses their own software to calculate parameters, it is worthwhile
testing that the software calculates the parameters correctly. If proprietary software is used,
or if you have provided software, then this test should not be necessary.
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How you perform the test will depend on whether you have access to independent software
or not:



If the administration has its own (independent) software available: request the
longitudinal profile data collected during the accreditation tests and process this
though the independent software.30
If the administration does not have its own (independent) software available:
create fabricated longitudinal profiles with known ride quality e.g. perfectly flat road,
sine wave with frequency of 2m, sine wave with frequency of 5m, ensuring that you
use the same longitudinal spacing for measurement points as required in the
specification. Then require the contractor to process the longitudinal profiles with their
software and provide the results.

The contractor’s software may be written in a different programming language to the
independent software. Even if exactly the same algorithm was implemented in the two
languages, it could be expected that the results produced by both may not be the same, due
to differences in the languages e.g. rounding errors. Therefore, whilst they should be very
close, we would not expect the contractor’s software and the independent software to
produce exactly the same results. We would expect that the ride quality parameters
calculated would match the reference ride quality parameters to within 1 or 2 decimal places.

HiSPEQ4: 3.3

Accreditation of ride quality parameters

If the quality of the parameters is to be tested within the accreditation, then there is a need to
define what data will be used to perform the assessment e.g. surveys on a test track, surveys
of the road network. We recommend that the surveys are performed in normal survey
conditions (e.g. dry, clean road) but you may wish to specify additional or alternative
conditions and these should be stated here. State how many repeat surveys are required
and whether the data will be assessed for accuracy and/or system repeatability. If there are
multiple survey vehicles, state if a test of fleet consistency will be performed.
HiSPEQ4: 3.3.1Accreditation tests and requirements for accuracy of ride quality
parameters
If the accuracy of the parameters is to be tested, there is a need to define how the tests will
be performed. Beneficial, but not essential, information includes what method(s) or
equipment will be used to provide reference data; how often the reference data will be
updated; how the data will be compared to/assessed against the reference, including the
assessment length (we would recommend that the assessment length used is the same as
the reporting length for the parameter).
If you have included a test for longitudinal profile (section HiSPEQ4: 3.1), you will need to
consider this when setting a requirement for the accuracy of your ride quality parameter(s):
The accuracy of the parameter cannot exceed the implied accuracy from the longitudinal
profile (Case Study 63).

30

Note that there is free software available for the calculation of IRI, called ProVal, which is a product
sponsored by the US Department of Transportation, Federal Highway Administration (FHWA) and the
Long Term Pavement Performance Program (LTPP). It can be downloaded from here:
http://www.roadprofile.com/
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The following reference devices are suggested for assessing the parameters:






ARRB Walking Profiler31 (Figure 42)
SurPro Profiler32 (Figure 43)
Rod and level surveys
High-speed profiler e.g. HARRIS233 (UK), MEFA34 (Germany) (Figure 42).
Response system e.g. APL (France) (Figure 43)

Figure 43: SurPro profiler (left), APL (right)
Essential information includes the requirements for the accuracy of each parameter (whether
delivered by the contractor, or calculated from measured data) (Example 36).
Example 36
The test sites will be surveyed with MEFA at the same time as the equipment. The average of three
repeat surveys will be used to provide the reference data and the longitudinal profiles from these
surveys will be processed with ProVal to obtain reference IRI values for each 10m reporting length on
the sites, for both wheel paths.

To determine if the data is affected by speed, repeat surveys at different speeds should be
performed. You will then need to describe how this data will be analysed and how the range
of speeds, for which sufficiently accurate data is obtained, will be determined (Example 37).

31

https://www.arrb.com.au/Equipment-services/Walking-Profiler-G2.aspx

32

http://surpro.com/

33

Highways Agency Road Research Information System

34

http://www.bast.de/DE/FB-S/Technik/GS4-MEFA.html
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Example 37
For each survey performed, the difference between the measured and reference nearside IRI values
will be calculated, as will the difference between the measured and reference offside IRI values for
reference IRI values ≤1mm/m, whilst the fractional error will be calculated (i.e. (m-r)/r, where m is the
measured value, r is the reference value) for reference IRI values >1mm/m. The data will be
considered to be unaffected by speed if at least 65% of the differences fall within ±1.0mm/m, whilst at
least 95% of the differences fall within ±2.0mm/m.
If these requirements are not met for some speeds, then this may suggest that the data is speed
dependent and further tests will be completed to determine the range of speeds for which accurate
data should be delivered.

Case Study 63: Effect of longitudinal accuracy on parameters
The FILTER project investigated the effect of random error in the longitudinal profile on the
parameters calculated from this measurement (Willet, M. G. Magnusson and B.W. Ferne (2000):
“FILTER experiment – Theoretical Study of Indices”. FEHRL Technical Note 2000/02). Gaussian
random noise was added to 300 different artificial profiles whose evenness corresponded to ISO 8608
class A and a further 300 artificial profiles each of class B, C and D. The results of this are given in the
following table.
Note a standard deviation of 1mm for a Gaussian distribution means that 65% of all values have an
error within ±1mm, with 95% within ±2mm. Also, the percentage errors for 3m LPV are much larger
than the other parameters, due to this parameter having relatively small values.

Parameter
IRI
th
95 percentile of
absolute
percentage error

3m LPV
th
95 percentile of
absolute
percentage error

10m LPV
th
95 percentile of
absolute
percentage error

30m LPV
th
95 percentile of
absolute
percentage error

Standard
deviation
of errors

Class of evenness (ISO 8608)
A

B

C

D

0.5mm

1.9%

1.0%

0.4%

0.2%

1.0mm

5%

1.1%

0.9%

0.3%

2.0mm

17%

6%

1.1%

1.0%

5.0mm

15%

11%

8%

3%

0.5mm

5%

1.8%

0.6%

0.2%

1.0mm

12%

9%

3%

1.0%

2.0mm

103%

12.5%

10%

3%

5.0mm

900%

110%

55%

15%

0.5mm

3%

1.0%

0.5%

0.2%

1.0mm

11%

3%

1.5%

0.5%

2.0mm

45%

12%

4%

1.5%

5.0mm

120%

80%

11%

6%

0.5mm

1.5%

0.5%

0.25%

0.1%

1.0mm

4.5%

1.7%

0.6%

3.5%

2.0mm

19%

5%

1.9%

0.6%

5.0mm

110%

12%

8%

2%

.
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HiSPEQ4: 3.3.2 Accreditation tests and requirements for system repeatability for ride
quality parameters
If you wish to test system repeatability for the ride quality parameters, you will need to state
what data will be used for the assessment (e.g. repeat surveys of the test track, repeat
surveys of a road site) and how the data will be compared. You will also need to state the
requirements for system repeatability of the ride quality parameters (Example 38).
Example 38
The data from the repeat runs, performed on the test track, and on the road routes, will be compared.
IRI values from the nearside wheel path will be averaged over 10m reporting lengths and an overall
average calculated for each length (i.e. the average of all repeat runs from the same length).The
difference between the average value and an individual value shall be calculated for each repeat
survey and each 10m length. The equipment shall pass the repeatability test if:


At least 65% of the differences between the repeat measurements and the average fall
within 1.0mm/m.



At least 95% of the differences between the repeat measurements and the average fall
within 2.0mm/m.
The same test will be applied to IRI values from the offside wheel path.

HiSPEQ4: 3.3.3 Accreditation tests and requirements for fleet consistency for ride
quality parameters
If you wish to fleet consistency for the ride quality parameters, you will need to state what
data will be used for the assessment (e.g. surveys by each of the vehicles of the test track, or
of a road site) and how the data will be compared. You will also need to state the
requirements for fleet consistency of the ride quality parameters (Example 39).
Example 39
Each survey vehicle will be required to survey the two road routes twice and IRI values for the
nearside and offside wheel paths reported for each 10m. Average IRI values, for each wheel path,
shall be calculated for each 10m length using all runs from every vehicle. The difference between this
average IRI value and the individually measured IRI values shall be calculated for each survey, each
vehicle and each 10m length on the survey route. The standard deviation of all values shall be
calculated for each 10m length. The fleet will be considered to be consistent if


At least 65% of the differences between the repeat measurements and the average fall within
1.0mm/m.



At least 95% of the differences between the repeat measurements and the average fall
within 2.0mm/m.


95% of the standard deviations shall be less than 2.5mm/m.
The same test will be applied to IRI values from the offside wheel path.
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HiSPEQ4: 4

Quality Assurance

HiSPEQ recommends that a QA process is applied to test the quality of the ride quality
parameters and therefore, sections covering QA of ride quality parameters have been
included in the specification template.

HiSPEQ4: 4.1

QA for ride quality parameters

HiSPEQ4: 4.1.1QA tests and requirements for accuracy of ride quality parameters
QA should focus on the ability to ensure consistency, as accuracy is checked under the
accreditation regime. Therefore, checking the accuracy during QA could be considered
optional, or at least, could be performed less frequently than consistency tests.
If the accuracy of the parameters is to be tested, there is a need to define how the tests will
be performed. Beneficial, but not essential, information includes what method(s) or
equipment will be used to provide reference data; how often the reference data will be
updated; how the data will be compared to/assessed against the reference, including the
assessment length (we would recommend that the assessment length used is the same as
the reporting length for the parameter). Essential information includes the requirements for
the accuracy of each parameter (whether delivered by the contractor, or calculated from
measured data) (Example 40).
Example 40
Network sites, already surveyed by the contractor, will be selected on which to carry out accuracy
testing. The sites will comprise up to 5% of the network surveyed and will be surveyed with the
reference device within 2 weeks of being surveyed by the equipment. The average of two repeat
surveys will be used to provide the reference data and the longitudinal profiles from these surveys will
be processed with ProVal to obtain reference IRI values for each 10m reporting length on the sites.
The difference between the measured IRI values and reference IRI values for each 10m length will be
calculated. The accuracy of the equipment will be acceptable if:



65% of the differences lie within ±1mm/m
95% of the differences lie within ±2mm/m.

HiSPEQ4: 4.1.2QA tests and requirements for system repeatability for ride quality
parameters
The recommended approach to monitor the repeatability and consistency of the survey
equipment throughout the duration of the survey is to require the contractor to survey a
number of QA reference sites soon after accreditation and then at regular intervals
throughout the duration of the survey contract.
The reference sites should be representative of the condition found on the network and be
evenly spread around the network to be surveyed. This will mean that the contractor will not
have large travel times to get from the area in which they are working, to one of the QA
reference sites. The contractor should be required to survey one of the reference sites on at
least a monthly basis (preferably more frequently, if large distances are being surveyed).
The data from these surveys can then be compared to the original data (the data measured
soon after accreditation) in a similar way to the accuracy tests used for accreditation (using
the original data as the reference) (Example 41).
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Example 41
The equipment will survey four sites on the road network within two weeks of accreditation. The
average IRI values, from the nearside and offside wheel paths will be calculated for each 10m
reporting length on the sites. This data will be known as the “original data”.
The equipment will be required to survey at least one of these sites on a monthly basis and the
contractor will perform the following comparison:



Calculate the difference between the measured and original nearside IRI values;
Calculate the difference between the measured and original offside IRI values;

The results of this comparison should then be provided to the Survey Commissioner. The data will be
considered to be acceptable if:



At least 65% of the differences fall within ±1.0mm/m and
At least 95% of the differences fall within ±2.0mm/m, for both the nearside and the offside
data.

HiSPEQ4: 4.1.3QA tests and requirements for fleet consistency for ride quality
parameters
Fleet consistency can be checked during the accreditation tests and, if equipment can be
shown to be consistent with itself for the duration of the survey contract, it can be assumed
that it will also remain consistent with other equipment in the fleet. Also, to test fleet
consistency would require each survey equipment vehicle to survey the same length of road,
which may not be convenient if they are spread around the country, surveying different
areas. Therefore, checking the fleet consistency during QA could be considered optional, or
at least, could be performed less frequently than repeatability tests.
If fleet consistency is to be tested, a test site or sites should be chosen and all vehicles
required to survey this in a short space of time (e.g. within 2 weeks) on a regular basis. A
similar test to that used for the accreditation (HiSPEQ4: 3.3.3) can then be used to assess
the quality of the data (Example 42).
Example 42
Every two months, the contractor will chose a site (>10km long) on the road network on which to
perform the fleet consistency tests. Each survey vehicle will be required to survey this site within a two
week period.
Average IRI values, for each wheel path, shall be calculated using all runs from every vehicle. The
difference between this average IRI value and the individually measured IRI values shall be calculated
for each survey, each vehicle and each 10m length on the survey route. The standard deviation of all
values shall be calculated for each 10m length. The fleet will be considered to be consistent if


At least 65% of the differences between the repeat measurements and the average fall within
1.0mm/m.



At least 95% of the differences between the repeat measurements and the average fall
within 2.0mm/m.


95% of the standard deviations shall be less than 2.5mm/m.
For IRI measurements from both the nearside and the offside wheel paths.
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HiSPEQ5 SPECIFICATION FOR PAVEMENT SURFACE
DETERIORATION MEASUREMENT
This is covered in Part 2 of the guidance.

HiSPEQ6 SPECIFICATION FOR PAVEMENT STRUCTURE
MEASUREMENT
This is covered in Part 2 of the guidance.

HiSPEQ7 SPECIFICATION FOR TRAFFIC SPEED
PAVEMENT DEFLECTION MEASUREMENT
This is covered in Part 2 of the guidance.

This survey specification guidance was developed by the HiSPEQ project, the
research for which was carried out as part of the CEDR Transnational Road
Research Programme Call 2013. The funding for the research was provided
by the national road administrations of Denmark, Germany, Ireland,
Netherlands, UK and Slovenia.
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