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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
Cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria nee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be the
ent rights. ISO shall not be held responsible for identifying any or all such patent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation of the voluntary nature of standardsythe meaning of ISO specific
ressions related to conformity assessment, as well.as information about ISO's adherg
[1d Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see w
foreword.html.
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5 document was prepared by Technical Committee ISO/TC 43, Acoustics, Subcommittee S

5 second edition cancels and replaces thefirst edition (ISO 13473-1:1997), which has been
sed. The main changes compared to‘the previous edition are as follows:

Some alternative calculation options such as the slope suppression for continuous data
oved.

A more precise definitien-of high-pass and low-pass filtering has been provided.
Removal of spikes hasbeen introduced in the profile.

The MPD now_xefers only to the overall value obtained after averaging all MSDs where |
n Segment Depth (earlier, MPD was used as the term both for the mean segment depth an
file depth, Which might have been confusing).

5t of alliparts in the ISO 13473 series can be found on the ISO website.

feedback or questions on this document should be directed to the user’s national standa
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ds body. A

plete listing of these bodies can be round at Www.1S0.0rg/members.ntmi.

s corrected version of ISO 13473-1:2019 incorporates the following corrections:

The segment length was corrected to 100 mm throughout the document;

— in 7.3, at the end of the fourth paragraph, the following sentence was added: "If there are more

©IS

invalid samples than 5 mm in the beginning or the end of a sampled profile the effected MSD

value(s) should be discarded.” and in the last paragraph, "Profiles" was replaced by "Segments" and

"readings" replaced by "samples";

in 7.6, the third paragraph was replaced by the following one: "If there are no data available before
and after the section to be computed, one should extend the signal by mirroring the first and the last

segments before filtering.";
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Vi

in 7.10, the first list element was rephrased;

in Clause 10, the following text was deleted: "whether or not spike removal procedure was applied;",
"type and order of filters used;" and "and type of interpolation used";

in D.3.7, replace "7.10" by "7.9";

in E.1, fifth paragraph, a third sentence was added as follows: "The spikes are first identified in
forward and reverse direction before replacing them with the interpolated value.".

Figure E.3 was corrected.
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Introduction

Road surface texture determines factors such as noise emission from the tyre/pavement interface,
acoustic comfort inside vehicles, friction between the tyre and road, rolling resistance and tyre wear.
The main concept and the basic terms are illustrated for information in Annex A. Valid methods for
measuring surface texture are therefore highly desirable.

The so-called “sand patch” method, or the more general “volumetric patch” method (see Clause 3), has
been used worldwide for many years to give a single and very simple measurement describing surface
texture. It relies on a given volume of sand or glass beads which is spread out on a surface. The material
is distributed to form a circular patch, the diameter of which is measured. By dividing, the volume
of rhaterial spread out by the area covered, a value is obtained which represents the'avefrage depth
of the sand or glass bead layer, known as “mean texture depth” (MTD). The method-wag originally

stapdardized in ISO 10844:19941, Annex Al2] in order to put limits concerning strface te
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rence surface used for vehicle noise testing but was later adopted by CEN as EN 13036-1

volumetric patch method is operator-dependent and can be used only of¥surfaces which
Llly closed to traffic. Therefore, it is not practical for use in network-surveys of roads, f¢
hg with developments in contactless surface profiling techniques, it-has become possible
volumetric patch measurements with those derived from profilerecordings, which a
hake by mobile equipment in flowing traffic. However, several ¥ery different techniques
d to calculate a “predicted mean texture depth”, many of thém quite successfully. The Y
are not always comparable, although individually they generally offer good correlation ¢
h texture depth measured with the volumetric patch method.

, therefore, important to have a standardized method for measuring and evaluating t
h by a more modern, safe and economical technigue than the traditional volumetric pat

refﬁlting in values which are directly compatiblé*both with the patch-measured values an

brent equipment.
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Withdrawn and replaced by ISO 10844:2014.
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Characterization of pavement texture by use of surface
profiles —

Part 1:
Determination of mean profile depth

1
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Modlern profilometers in use are almost entirely of the.contactless type (e.g. laser, light ¢
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Scope

5 document describes a test method to determine the average depth .of paveme
rotexture (see Clause 3) by measuring the profile of a surface and calculating the tex]

rotexture and is considered insensitive to pavement microtexture and inevenness char

objective of this document is to make available an internationally accepted pro
brmination of pavement surface texture depth which is an alternative to the traditic
metric patch technique (generally using sand or glass bedds), giving comparable tex
es. To this end, this document describes filtering procedures that are designed to gij
sible representation of texture depths determined with the volumetric patch method[13l,

ude application of parts of it for other types of profilometers.

5 [SO 13473 series has been prepared as afesult of a need identified when specifying a
vehicle noise measurement (see 1ISO 10844:2014[61). Macrotexture depth measurement;
his document are not generally adequate for specifying test conditions of vehicle or ti
isurements, but have limited applications as a supplement in conjunction with oth
Cifying a surfacing.

test method is suitableAor* determining the mean profile depth (MPD) of a paveme
MPD can be transformed to a quantity which estimates the macrotexture depth ag
volumetric patch method. It is applicable to field tests as well as laboratory tests on
ples. When used in-¢onjunction with other physical tests, the macrotexture depth valy
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brence [15]), eStimation of noise characteristics and assessment of the suitability of pavin
avement finiShing techniques.

methed; together with other measurements (where applicable), such as porosity or mi
be uséd to assess the quality of pavements.
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plications.

Pavement aggregate particle shape, size and distribution are surface texture features not addressed
in this procedure. The method is not meant to provide a complete assessment of pavement surface
texture characteristics. In particular, it is known that there are problems in interpreting the result if

the

NOTE

method is applied to porous surfaces or to grooved surfaces (see Annex B).

Other International Standards dealing with surface profiling methods include, for example,

References [1], [2] and [3]. Although it is not clearly stated in these, they are mainly used for measuring surface
finish (microtexture) of metal surfaces and are not intended to be applied to pavements.
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

3 Terms and definitions

For the puiposes of this document, the following terms and definitions apply.

12

ISO and [EC maintain terminological databases for use in standardization at the following addresse

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Elgctropedia: available at http://www.electropedia.org/

31
texture wavelength
A
quantity d¢scribing the horizontal dimension of the irregularities of a-téxture profile (3.3)

Note 1 to er’ltry: Texture wavelength is normally expressed in metres (1) or millimetres (mm).

Note 2 to entry: Texture wavelength is a descriptor of the wavelepgth components of the profile and is relpted
to the concgpt of the Fourier Transform of a series regularly sampled measurement points along a spatial fxis.
Vertical displacement (height) has an arbitrary reference.

3.2

texture
pavement fexture
deviation ¢f a pavement surface from a trué.planar surface, with a texture wavelength (3.1) less than
0,5m

3.3
surface prfofile

texture profile

upper contpur of a vertical créss-section through a pavement

Note 1 to enftry: Texture proéfile is similar to surface profile but limited to the texture range.

Note 2 to eptry: The-profile of the surface is described by two coordinates: one in the surface plane, cdlled
distance (the abscissaj), and the other in a direction normal to the surface plane, called vertical displacenpent
(the ordinafle). Aniexample is given in Figure A.1. The distance may be in the longitudinal or lateral (transverse)
directions ip xélation to the travel direction on a pavement, or in a circle or any other direction between these
extremes.

3.4

macrotexture

pavement macrotexture

deviation of a pavement surface from a true planar surface with the characteristic dimensions along the
surface of 0,5 mm to 50 mm, corresponding to texture wavelengths (3.1) with one-third-octave bands
including the range 0,63 mm to 50 mm of centre wavelengths

Note 1 to entry: Peak-to-peak amplitudes may normally vary in the range 0,1 mm to 20 mm. This type of texture
is the texture which has wavelengths of the same order of size as tyre tread elements in the tyre/road interface.
Surfaces are normally designed with a sufficient macrotexture to obtain suitable water drainage in the tyre/
road interface. The macrotexture is obtained by suitable proportioning of the aggregate and mortar of the mix or
by surface finishing techniques.

2 © IS0 2019 - All rights reserved
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Note 2 to entry: Based on physical relations between texture and friction, noise, etc., the World Road Association
(PIARC) originally defined the ranges of micro-, macro- and megatexturell€l, Figure A.2, which is a modified
version of the original PIARC figure, illustrates how these definitions cover certain ranges of surface texture
wavelength and spatial frequency. In this figure, “discomfort for travellers” includes effects experienced in and
on motorized road vehicles and bicycles, as well as wheelchairs and other vehicles used by disabled people.

3.5

3.5.

Texture depth measurements

1

texture depth

TD

in t
thré
intq
Not

3.5

mean texture depth

MT
text

Not
detd

he three-dimensional case, the distance between the surface and a plane through the
be highest peaks within a surface area in the same order of a size as that of a car.tyré
rface

b 1 to entry: See Figure A.3.
2

D
ure depth (3.5.1) obtained from the volumetric patch method

b 1 to entry: In the application of the “volumetric patch methdd” (see below), the “plane” is
rmined by the contact between a rubber pad and the surface whien the pad is rubbed over the are:

top of the
pavement

in practice
. Therefore,

the fexture depth obtained in this case is not based on exactly a “plane”, but rather an approximation which is a
somlewhat curved surface that is hard to define.

3.5)3

prdfile depth

PD

in the two-dimensional case, i.e. when studying a profile, the difference, within a certain lopgitudinal/

late
the

3.5

evaluation length

l
leng

3.5
seg
por

Not

3.5

ral distance in the same order of length as that of a car tyre/pavement contact interfad
profile and a horizontal line through-the top of the highest peak within this profile

4

rth of a portion of one or more profiles for which MPD (3.5.2) is to be calculated

5
ment
Lion of the profile over a length of 100 mm

b 1 to entpys See Figure A.4.
6

MS

me]ﬂn segment depth

e, between

average value of the profile depth (3.5.3) of a segment (3.5.5)

Note 1 to entry: See Figure A.4.

3.5.7
mean profile depth

dMP

D

MPD
average of the values of the MSD (3.5.6) of the tested section

©IS
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3.5.8
estimated

deTp
ETD

texture depth

term used when the MPD (3.5.7) is used to estimate the MTD (3.5.2) by means of a transformation

formula

3.6

volumetric patch method

method relying on the spreading of a material, usually sand or graded glass beads, in a patch

Note 1 to eptry: The material is distributed with a rubber pad to form an approximately circular pateh|the
average diagmeter of which is measured. By dividing the volume of material by the area covered, a 'wvalje is
obtained which represents the average depth of the layer, i.e. MTD. The volumetric patch method is describgd in
EN 13036-1

Note 2 to enftry: The volumetric patch method is used not only with sand or glass beads as the patch material| but
in some cass with putty or grease. However, such materials have certain disadvantages,and for internatipnal
standardizdtion, only glass beads have been recommended. The ETD measure is based“on glass beads ag the
patch materfial.

3.7

drop-out

data in the|measured profile indicated by the sensor as invalid

3.8

spike

unusually high and sharply defined peak in the measured profile, which is not part of the true profile
and is not qutomatically detected as invalid by the system

Note 1 to enftry: See Annex E for a quantitative definition of-a“spike.

4 Test gurfaces

4.1 Congition of the surface

Measurements shall not be made during rain or snow fall. Unless it has been demonstrated that|the
equipment|provides valid measuxements on wet or damp surfaces, the surface shall be dry during|the
measurements. It shall also beZelean and reasonably free of debris and foreign objects.

It is possilple that optical-based measuring systems do not perform properly on newly laid asphalt
surfaces which are glessy and dark. If the test is performed during the paving process, opfical
distortiong due to temiperature gradients in the air above the tested surface can produce invalid data.
For roads which>have been in service, the texture can vary across the pavement. In this case,|the
transverse{lpcation of the measurement is normally determined by the intended use of the data.

4.2 Amount of data to be collected per field test section

4.2.1 Continuous measurements

Continuous measurements are made when a certain length of a road is measured with possible
interruptions of a maximum of 10 % of the length. The minimum evaluation length over which MPD is
calculated shall be 1,0 m. It is not meaningful to report MPD over shorter lengths.

It is recommended that measurements and calculations be made continuously along the entire test
section.

© ISO 2019 - All rights reserved
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2 Spot measurements

If a continuous measurement is not possible, as is the case for stationary devices, measurements may be
made at certain spots which are appropriately distributed. The following minimum provisions apply:

Each evaluation length shall include at least eight single measured segments of at least 100 mm
length. This would normally be along a straight line, but may also be in a circular path or in parallel
lines (in connection with 3D measurements). Each segment shall be measured continuously. The

exception is when analysing round laboratory samples; see 4.3.

— The procedure in Annex C is recommended to select measurement positions and evaluation lengths

For
at I¢

4.3
Lab

from a road or airfield, produced in a laboratory or replicated based*on mouldings from an

or 4
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In ¢
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It is
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leng
mal
cirg
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ind

1In an unblased manner.

The minimum evaluation length shall be 1,0 m.

ast 10 periods of the dominant texture frequency.

Amount of data to be collected on laboratory samples

oratory samples are generally either circular cores or rectangulanrslabs. They may be dir

irfield site.

bn measuring laboratory samples, care should be taken that edge effects of the samples d
measurement.

rder for the measurements to give values reasonhably representative of an actual fie
pwing three requirements shall be met:

Cores, slabs or mouldings intended for-profile measurement shall be taken from at
different places, evenly distributed longitudinally along the site.

The measurements shall include atleast 4 segments (per core), evenly distributed on the
samples (see below), each profile' measured over at least 100 mm length and not be
another profile, except that ene profile may cross another profile.

The minimum evaluatipnlength shall be 1,0 m.

recommended that-cores have a minimum 150 mm diameter, although 100 mm diamete
bptable. If the coré.diameter does not allow measurements to follow a straight line of th
Fth across the core, it is recommended to rotate the core underneath the sensor (or vice
ke the measGrement along a circle around the core centre. Such circles should have 3
umference'of 200 mm (corresponding to a diameter of 64 mm).

tangular samples often have dimensions which exceed typical core dimensions. On suc
vidual profile measurements should be distributed uniformly.

surfaces with periodic textures (e.g. grooved or tined surfaces), the total profile length shall include

ectly taken
hctual road

b not affect
d site, the
least four
laboratory

ng part of

I cores are
e required
versa) and

minimum

h samples,

Measurements on laboratory samples can have many different purposes. This means that it is difficult
to specify general minimum requirements. The specification here assumes that the purpose is to obtain
values which are reasonably representative of pavements.

5

5.1

Measurement instruments

Instruments in general

A profilometer system shall be used which produces a signal output that is proportional to the distance
between a sensor reference plane and the surface spot in question. Examples of sensors include
acoustical, electro-optical type or a video camera. The final output shall be linearly related to the texture
profile and this may be obtained either in hardware or software, as necessary. The profilometer system

© IS0 2019 - All rights reserved 5
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shall also provide means of moving the sensor along or across the surface at an elevation (vertically)
which is essentially constant over at least one profile length. This does not apply when the profile is
produced by some techniques such as light sectioning.

5.2 Vertical resolution

The vertical resolution shall be 0,05 mm or better. The measuring range of the sensor should be a
minimum of 20 mm. When measuring smoother surfaces, a smaller range is permissible. For a sensor
mounted on a moving vehicle, a higher range is usually required to allow for vehicle motion.

NOTE 1 A-laser sensor svstem having 2 mnacnring range of 200 mm and o 12.-hit r‘igifa] resolution-has a

J
vertical res¢lution of a little less than 0,05 mm.

NOTE 2 It has appeared that many of the laser profilometers have a noise floor which correspondsto-0,13|mm
to 0,17 mm pf MPD. A vertical resolution of 0,05 mm means that the vertical resolution does not contribute tq the
noise floor.

5.3 Horizontal resolution

In the casg of a device utilizing a laser, other electro-optical sensor, or _a-seénsor based on sound
transmissipn, the spot of the radiation should be such that its average diameter on the road surface
shall in no|case be greater than 1 mm over the used vertical range. In this case, the effective sp¢t is
taken as that contained within an area limited by a contour line where'the intensity of the spot is|1/e
(approximately 37 %) of the maximum intensity within the spot.

In the casel where a light-sectioning device is used, the projected-light band or line shall be sufficieptly
sharp to give a light/dark transition within 1 mm. In this case} the effective line width is taken as that
where the fintensity of the line has reduced from 100 % to1/e (approximately 37 %) of the maxinjum
intensity within the line.

In the casq where a contact device is used (e.g. utilizing a stylus sensor), the widest dimension of|the
contacting|part (tip) shall have a diameter of no more than 1 mm up to 1 mm in height from the|tip.
Contact foiices on the surface shall not be sohigh as to cause penetration or destruction of the surface
texture. Suich destruction is usually detectable as a clearly visible trace where contact was made.

The sampling interval shall not be more than 1,0 mm, and samples shall be taken at a fixed intervgl in
the horizontal direction.

It shall be noted that the movement by the laser or light spot during the time of collecting each sample
means thaf the spot is extertded somewhat in the direction of measurement. This “stretching” of|the
spot due tq the measurement speed can be calculated by dividing the measurement speed by the time
for each sample collectioh-and it should never result in a spot longer than 1 mm. It can mean a limitafion
of the meagsurement-speed.

5.4 Measurement speed

The measurenrentspeed-isthespeed-with-whichtheprofite-tstraced-by theprofitometer;and-shatl be

such that the requirements on sampling interval are met. This applies to stationary as well as mobile
profilometers. The relation is:

v<f.-s/1000 1)

where

v is the profilometer speed (m/s);
f; is the sampling frequency of the sensor (Hz);

s isthe sampling interval (mm).
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In some devices, the speed influences the effect of the background noise, since the latter can be higher
at higher frequencies. Depending on how sampling takes place and the low-pass filtering, the speed
can influence the electronic frequency corresponding to the lower texture wavelength limit. See 5.2
regarding possible effect of sampling variations.

NOTE Low-pass refers to a filtering of the signal with the intention to attenuate the higher frequencies
(either temporal or spatial).

5.5 Alignment of sensor

In case of reflected radiation, the angle hetween the optical or acoustical axis of the radiation toward
the|surface and the optical or acoustical axis of the detector (a) should not exceed 30°.See Figure 1.
Larpger angles underestimate very deep textures and cause higher drop-out rates. It is\preferred that
the|B angle is as low as possible. This paragraph applies also to light-sectioning devices.

It i§recommended that the sensor be moved in a direction perpendicular to the‘plane of th¢ radiation;
i.e. perpendicular to the plane of the figure.

For|mechanical devices, a is not applicable and S shall be no more than 30°.

Key

1 |emitting device
2 |receiving device
3 |surface normal
4 |road surface

Higure 1 — Requirements regarding alignment of non-contact sensors above a road|surface

5.6 Bandwidth of sensor and recording system

The bandwidth of the sensor and recording system shall meet at least the bandwidth indyced by the
filtering procedures described in 7.6.

NOTE1 The bandwidth can be verified to be within the appropriate range by using surfaces machined
to simulate textures with known profiles. For mobile devices, such surfaces (discs or drums) can be rotated
underneath the sensing device. In this instance, the measurement device remains stationary.

NOTE 2  The lower and the higher texture wavelength limits given in 7.6 do not correspond to the definition of
macrotexture according to 3.4. This is because:

— to some extent, this imitates the effect of the enveloping by rubber surfaces, such as a tyre,

— wavelengths smaller than 3 mm and higher than 140 mm do not play a major role in determination of MPD or
ETD according to Figure 13 of Reference [15],

— many profilometers have poor performance in the range below 3 mm, and
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— with a 3 mm limit, profilometers will give more uniform values less affected by erroneous transients.

5.7 Performance check

Regular performance checks shall be made by operating the sensor over a designated reference surface,
utilising a stable profile.

Performance checks shall be designed such that differences as small as 0,1 mm between the recorded
MPD and the actual MPD for the reference surface can be detected. The MPD of the reference surface
should be at least 1,5 mm.

NOTE 3.2 requires that vertical resolution be 0,05 mm or better.

If the perfprmance check shows a difference greater than 0,1 mm, or 5 % (whichever isthe nmost
stringent yalue), from the expected reference MPD value, the deviation should be repertéd. If|the
difference [is greater than 0,2 mm, or 10 % (whichever is the most stringent value), it-ihdicates that
something|might be wrong with the system and the problem should be investigated.

See Annex|G regarding various reference surfaces and other suggestions. Annex G also explains hoyv to
calculate the MPD of these surfaces.

The type of reference surface used shall be reported.

5.8 Indifation of invalid readings (drop-outs)

Invalid readings (“drop-outs”) can occur due to the photometrigproperties of the surface or shadowing
of the light in deep troughs of the profile. Therefore, the system shall have means of identifying dtop-
outs.

In addition} laser diodes deteriorate over time, which ¢cdoyeventually result in excessive invalid readipgs.
For this rdason, and for checking that the intensity‘is within the manufacturer’s specification, |t is
recommenfed that there be a means of checking the laser intensity at certain intervals.

5.9 Sengitivity to vibrations

The sensoif shall be maintained in a stable vertical position during the measurement of a full segnjent
length (100 mm) at all operating speeds. The measurement system shall be designed so that vibratjons
have a negligible effect on the aceuracy of the measurement, particularly vibrations associated with|the
natural sugpension frequency of-the sensor and/or its carrier.

6 Measprement precedure

6.1 Performance checks

The perforpiance of the equipment shall be checked using a known profile according to 5.7. Such chg¢cks
shall not beTess frequent than on each measuring day. The data measured SITce the previous checking
shall be analysed and deleted in case of a doubt.

6.2 Measurements

The profile of the test surface shall be measured using equipment in accordance with Clause 5 and
meeting the requirements on evaluation length in Clause 4.

6.3 Continuous or spot measurements

Measurements may be made by devices that record the profile continuously over the test section, with
minor interruptions permitted for data transfer or data processing (see 4.2.1). Continuous measurement
systems are normally mobile equipment mounted on a testing vehicle. Measurements may also be made
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only on specific spots on the test section or on specimens in a laboratory (see requirements in 4.3 and
Annex C), in which case the equipment is usually stationary but moveable.

7

7.1

Data processing procedure

General

Data processing in this document contains two basic parts. The objective of the first part (7.2 to 7.5) is
to remove the spurious readings from the measured profile to make use of as much of the collected data

as
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br the first part has been finished (7.2 to 7.5), the profile should have been cleanedand
also in other texture calculations, as outlined in ISO 13473-2[7], or specified in ISO/TS 13
13473-5121,

Summary of data processing steps

data processing procedure shall be as follows (the numbers referitothe subclause wherg
Cribed).

p-out correction (7.3): Eliminate or correct for invalid readings (drop-outs).

ampling data to required spacing in the spatial demain (7.4): Resample the data g
required resolution in the spatial domain, making use-of all relevant raw data.

E Resampling from temporal to space domain directly depends on the speed of the vehicle
measurements.

5 resampling is needed also in the spatial domain if initial sampling was made at shortg
h the required 0,5 mm or 1 mm spacing:

ke identification and reshaping the profile (7.5): Identify spurious readings (so callg
Annex E) and remove the effect of these by reshaping the profile.

hoval of long-wavelength)ycomponents and normalization of profile sharpness (]

hig

filtgring to remove frequerncy components which are above a certain texture wavelength
normalize to a uniform’sharpness of the profile.

Se

Pedk determination (7.8): Divide each segment in two halves and detect the peak levels of
ovel each half of the segments.

MSDdetermination (7.8): Calculate the MSD as the average of the two peaks according to 1.8

-pass filtering to reméve unwanted slopes and long wavelengths in the profile. Appl

ent limiting.(7.7): Select segments of the profile which are 100 mm long.

e required

is ready to
473-418] or

the step is

ollected to

performing

r intervals

d “spikes”;

/.6): Apply
y low-pass
n order to

the profile

Extreme MSD value removal (7.9): Identify and remove MSD outliers (optional).

MPD determination (7.10): Determine the average of all MSD values for the profile and calculate the
standard deviation.

ETD determination (optional) (7Z.11): Transform the MPD value to an ETD by applying a
transformation formula.

The following subclauses elaborate on these individual steps. Refer also to the flow charts in Annex H.
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7.3 Drop-out correction and interpolation

Care shall be taken to eliminate invalid readings from the profile. For example, invalid measurements
can occur due to surface photometric properties or shadowing of light in deep surface troughs. Instead,
the invalid part of the profile shall be replaced with interpolated data from the nearest valid points as
explained in D.3.1.

Asillustrated in Figure 2, several drop-outs may occur in succession. When a series of invalid samples is
preceded and followed by valid samples, each of the invalid samples shall be replaced by an interpolated
value. Simple linear interpolation shall be used.

With rega
according

When the
samples sh
be limited
are more i}
value(s) sh

o Formula (2):

s the sample numbers where the value is invalid;

s the sample number of the nearest valid value before i;
s the sample number of the nearest valid value after i;

s the interpolated value for sample i;

s the value of sample m;

s the value of sample n.

invalid sample(s) constitute(s) the beginning or the end of a sampled profile, the inv
all be replaced by the value of the nearest valid sample. This method of extrapolation §
fo a maximum length at either side.of the sampled profile data series equal to 5 mm. If th

puld be discarded.

'd to linear interpolation, the invalid samples are replaced by an interpolated value z;

(2)

alid
hall
jere

1valid samples than 5 mm in the*beginning or the end of a sampled profile the effected MSD

For the study of road surface singularities (like joints), such singularities can be intentionally included

in the anal

sis, on condition thatno drop-out readings of the sensor occur.
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Drop-outs are illustrated by unfilled symbols.

Figure 2 — Illustration of interpolation and extrapolation of drop-outs
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In the case illustrated in Figure 2, there are three intermediate consecutive drop-outs, which are

linearly interpolated between the samples at positions m and n, and one extreme drop-out, which is extrapolated
from the preceding sample.

The measurement on a particular pavement profile is considered valid only if the drop-out rate meets

the

following criterion1Z]:

Segments with loss of data due to drop-out greater than 10 % (of the total number of samples) shall

be discarded.

7.4 _Resampling to a certain spatial resolution

Thip requirement is applicable to the majority of profilometer systems, particularly thos¢ using the
single-sensor triangulation principle. More advanced systems may not require this)step {f a similar
progess is performed within the measurement system.

Re-sample the signal to either 0,5 mm or 1,0 mm spacing; preferably 0,5 mm,Calculate the|arithmetic
average of all samples that fall within the required spacing.

In dase the profile is extracted from a number of parallel profiles, su¢h)as when measuring a three-

dim

Thi
tha

7.5

Thd
For
seg

7.6

If the profile has been recorded continuously (4.2.1), high-pass filtering shall be made to

effe
the
cuty
red
(-3
dirg

Thd

NO']
tech

5 resampling is needed also in the spatial domain if initial sampling was made at shortg
h the required 0,5 mm or 1 mm spacing.

Spike identification and reshaping the profile

spike removal procedure shall be as described‘in Annex E. Spike removal shall be
the segment to be valid, the removed spikes should not correspond to more than 5 %
ment profile (after resampling).

Removal of long-wavelength eoniponents and normalization of profile shaj

ct of slopes or gradients in the profile curve (long-wavelength components) which are ir
determination of MSD and-MPD. The filter shall be of the Butterworth type, 274 order,
off at 140 mm texture wavelength. The filtering shall be made in a forward-reverse filter
Ice phase distortion of the profile signall18l. To achieve this, a second-order Butterworth
dB) cutoff wavelength'at 174,2 mm shall be designed and then applied in both forward 4
ctions. This will’give the desired features.

length of the/profile to be recorded and filtered shall be at least 1 m.

E1 The/maximum length is not specified, as it is determined by practical considerations
nical performance.

ensional surface representation, the total width of the selected prafile lines should be at jnost 1 mm.

r intervals

berformed.
bf the total

pness

reduce the
relevant to
and have a
in order to
filter with
nd reverse

rather than

If th

ere are no data available before and after the section to be computed, one should extend

| the signal

by mirroring the first and the last segments before filtering.

If the profile has been recorded only at discrete spots (4.2.2), slope suppression is the preferred
procedure to remove the long-wavelength component. It shall be applied to each segment. The slope
of the profile curve within a segment according to Figure A.4 shall be suppressed by calculating the
regression line through all profile values and subtracting this line from the profile. This does not
apply to profiles measured in circles with a circumference of at least 200 mm, in which case high-pass
filtering shall be applied.

Low-pass filtering shall be made in order to reduce the possible influence of noise and transients and to
have a relatively uniform influence of narrow profile peaks. The filter shall be of the Butterworth type,
2nd grder, and have a cut-off at 3,0 mm texture wavelength. The filtering shall be made in a forward-
reverse filter in order to reduce phase distortion of the profile signall18]. To achieve this, a second-order
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Butterworth filter with (- 3 dB) cutoff wavelength at 2,40 mm shall be designed and then applied in
both forward and reverse directions. This will give the desired features.

The selection of low-pass filter characteristics is very critical for determination of MPD and consistency
between various equipment. Therefore, no filter other than the one required here shall be used.

NOTE 2
guide.

NOTE 3

More information about the filtering, including suggested filtering constants, is given in Annex D as a

It is preferred to use the formula and coefficients in Annex D rather than to filter the data with a

built-in filter from an add-in or similar. This reduces the risks of making errors or mistakes or impairing

s

reproducibi

7.7 Segment limiting

Each indiv
100 mm lo

idual profile on which the following calculations are made shall have a segment whid
hg. This is illustrated in Figure A.4.
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and MSD determination

vel of the profile over each half of the segment shall be identified. This requires that
100 mm be divided into two equal parts and that the highest peakin each partis determij

r each individual segment is the arithmetic mean of the-two peak levels minus the aver
1 (which is close to zero after the high-pass filtering).

asuring devices, the profile signal can have been inverted and it is important to observe
onsidered above are those asperities of the profile with the highest elevation.

eme MSD value removal (optional)

values occasionally appear as outliers."\Reasons for this include for example leaves or of
is intersecting the laser light, occasional loose stones on the surface, a “hole” or a wide j
lce. To avoid the influence of MSD outliers on MPD, it is recommended to use a 3-point moy
er. The idea of the median filter is to step through all the MSD values which constitute
three by three in consecutive order, replacing each individual value with the median of]
\bouring values, stepping-forward by one MSD value each time. In this way, exception
single values are sortedout and the median retained. The MPD value is then not affecte
bme values.

PD value has beeri processed to exclude extreme MSD values, this shall be reported.

dure is not recommended when extreme texture features are of interest.

aging of MSD to determine the MPD
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final reported MPD values shall be:

calculated from MSD values covering at least 50 % of the section;

the corresponding standard deviation;

runs and the number of segments in each run.

12

the arithmetic mean value of all valid MSD for the section or sample. The MPD value is valid if it is

the number of individual values on which the mean is based, including the number of measuring
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7.11 Calculation of ETD (optional)

The ETD is a way of relating MPD measurements with measurements of MTD, which are measurements
made with the volumetric patch method[13]. The main advantage of the volumetric patch method
is that it requires only very simple equipment; another one is where space is too limited for a laser
profilometer. The resulting formula, however, depends largely on the operator of the patch test, how
that test is conducted and the set of surfaces included in the study.

The MPD value, dypp, may be transformed to an ETD, dgp, by applying the transformation Formula (3):
dgrp =1,1-dypp (3)

whére dgp and dypp are expressed in millimetres.

NOTE1 Intheindustry and technical documents, the formula can be found with abbreviated ternys instead of
symbols.

The texture range where Formula (3) is reasonably accurate is approximatély 0,3 mm < MPD < 3,0 mm
for flense surfaces (refer to B.1 with regard to limited validity for porous-surfaces).

Formula (3) reflects an average of recent results compiled when producing this document, [but it shall
be noted that the variation is large due to errors in determination of the MTD. Typically, individual
studlies of this relation give variations of the coefficient between0,9 and 1,3.

NOTE 2 In the first version of this document, the formula was: ETD = 0,2 mm + 0,8 MPD, whiclh was based
on domprehensive measurements in an International PIARC Experiment and presented in Annex E ¢f Reference
[15]f ASTM E1845-15 also accepted that formulall9l. However,a compilation of later (unpublished) tdsts have led
to the slightly different Formula (3).

8 |Measurement uncertainty assessment according to ISO/IEC Guide 98-3

Theg measurement procedure describediin” this document is affected by several influencjng factors
that lead to variation in the results-observed for the same subject. The source and natufe of these
perfurbations are not completely\ known. The measurement uncertainty can be detdrmined in
accprdance with ISO/IEC Guide 98-3.

Accprding to ISO/IEC Guide98-3, each significant source of uncertainty has to be identified. The
follpwing sources of uncertdinty are identified and have to be processed according to the|procedure
desfribed in ISO/IEC Guide 98-3:

— |uncertainty diie to operational variations,
— |instrumentation uncertainty,

— |uncertainty due to external disturbances.

Referto Annex F for an example of a quantitative analysis.

The general expression for the calculation of the MPD value, dy;pp), is given by Formula (4):

dyipp = dypp,meas + 01+ 05 + 83+ 8, + 85 + 6 + 67 + Oy (4)

where
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dyvpp is the quantity to be determined;
dy\pp meas 1S the MPD measured and calculated according to the procedure given in this document;
61 is an input quantity to allow for any uncertainty due to lateral and longitudinal variations
in the surface texture which is not picked up by the measurement;
0, is an input quantity to allow for any uncertainty in texture measurement equipment;
83 is an input quantity related to the tolerance allowed to the segment length;
Oy is an input quantity to allow for uncertainty due to secondary reflections of the lasexljght
in the pavement;
s is an input quantity to allow for any uncertainty due to drop-out correction-and spike
removal;
Og is an input quantity to allow for any uncertainty due to variations inythe procedurd for
data processing;
07 is an input quantity to allow for any uncertainty due to environmental influences on|the
instrument;
Og is an input quantity to allow for any uncertainty due;to’environmental influences ffom
the road surface moisture and other contamination.
The value ¢f these input quantities shall be evaluated by the procedure given in ISO/IEC Guide 98-B. It
can be bas¢d on existing statistical data, analysis of toleran¢es’stated in this document and engineefing
judgment. [The information needed from which to derive the overall uncertainty is given in Table 1.
Table F.1 iga copy of Table 1 but includes also some typical values.
The combined standard uncertainty is calculatedavith Formula (5):
(5)
where p is fhe coverage probability-and c;u; is the uncertainty contribution.
Table 1 — Uncertainty budget for the determination of the MPD value
Quantity Estimate Probability Standard Sensitivity Uncertainty
distribution uncertainty coefficient contribution
u; Ci Cil;
6y 0 normal 1
6, 0 normal 1
03 0 normat T
Oy 0 normal 1
s 0 normal 1
Og 0 normal 1
67 0 normal 1
Og 0 normal 1
Combined standard uncertainty [u(p)]

The expanded uncertainty U is determined by multiplying the combined standard uncertainty u(p) with
the appropriate coverage factor for the chosen coverage probability as described in ISO/IEC Guide 98-3.

14
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Annex F provides a detailed listing of the standard uncertainties and sensitivity coefficients of each

sou

rce, as well as typical values for a surface giving an MPD value of around 1,0 mm and based on an

average of 10 MSD values, resulting in an MPD over 1 m distance. Using these values, the uncertainty
budget analysis results in a standard uncertainty in the MPD value of 0,05 mm.

Table 2 presents the expanded uncertainty and coverage probability in the case where the method is

app

9

WA
ma
site
at ¢
lase

lied and individual source uncertainties are consistent with Table F.1.

Table 2 — Expanded uncertainty (U) and coverage probability (based on Table 1)

Coverage probability Expanded uncertainty, U
% mm
80 0,06
95 0,08

Safety considerations

RNING — This document may involve hazardous operatiens’ when measurements are
le on trafficked pavements. The personnel and the vehicles present on the measuring
shall be equipped with safety or warning devices as appropriate on that partjcular site
hat particular time. Especially, one shall observe the nieed for protection of eyps against
er light (Reference [21]). Otherwise, this document.does not purport to address the safety

problems associated with its use. It is the responsibility of the user of this document t¢ establish

app
pri

10
The

ropriate safety and health practices and determine’the applicability of regulatory ljmitations
Dr to use.

Test report

test report for each pavement test surface shall contain data on the following items:
identification of the measurementiequipment, its operating organization and the operatprs;
date of measurement;

location and identification-of the test section (starting point and length);

track (transverse pgsition) on the test site in which the measurement was made;
description ofthe’type of surface;

descriptiotref surface contamination (if any); e.g. leaves, dirt, debris, sand, possible moisture;

remarks about prominent surface conditions such as the existence of joints, excessive cracking,
potholes;

direction of the measured profite (tfongitudinat, tTransversal, circular, etc.);
measurement speed, or range of speed;

spatial resolution (0,5 mm or 1,0 mm);

type of performance check, when it was made, and (if deviation exceeds 0,1 mm) its result;
rate of invalid measurement/interpolated values (drop-outs);

whether or not extreme MSD removal was applied;

number of measurements (including number of runs over the tested surface and number of profile
records in each run);
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— MPD, for the pavement test surface as a whole, in millimetres;
— standard deviation of the MSD values, in millimetres;

— estimated expanded uncertainty of the results, together with the associated coverage factor and
coverage probability.
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Annex A
(informative)

Texture ranges

A typ1cal proflle recordlng ofa pavement surface isillustrated in Figure A.1 (Vertlcal scale exaggerated)
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Figuire A.2 illustrates) how these definitions cover certain ranges of surface texture wave
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Figlire A.3 attempts to illustrate the texture of a pavement in the three-dimensional case
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llustration of a component of the proflle related to the Wavelength concept but it is note
Fictly mathematical point of view. Furthermore, the reference (bottom) line is arbitfary.
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Figure A.1 — Illustratien of some basic terms describing pavement surface text

ARC) has defined ‘the ranges of micro-, macro- and megatexture earlier; see Refe

[ial frequency, and how various characteristics are influenced within these ranges.

term_“texture depth”, which is the distance between an arbitrary point on the plane d
facel, The plane is supposed to go through the three highest peaks of the surface.

he figure is
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ed on physical relations between texture and friction, noise, etc.,, the World Road Association

rence [16].
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arbitrary

and just for illustration purposes here. The average level is normally set at “zero” level as a result of the
slope suppression procedure (see 7.6). The segment is 100 mm long.
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Figure A.3 — Illustration of the;terms “surface” and “TD”
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Figure A.4 — Illustration of the terms “segment” and “MSD”
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B.1 Porepus-surfaces

Annex B
(informative)

Problems experienced on special surfaces

On porous surfaces, the most essential property is often the porosity (air voids) in the mixture=~Fric
and some hoise characteristics rely on higher porosity, while rolling resistance, tyre wear and s
noise chargcteristics are not significantly influenced by porosity. Porosity is a material property th
manifested within the material, and while evident at the surface, it cannot be measured with a profi
technique. [[n the volumetric patch method, some of the material used enter the pores, but due to part
friction, vigcosity and particle size characteristics of the sand or glass beads, the.“true” porosity

never be

Conseque
characterig
surfaces, w

Caution sh
surfaces w
A profile-b
relevant ef]

easured in this way.

ly, neither the volumetric patch nor the profiling method%can measure the reley
tics covering all cases. Sometimes, the patch method gives amore relevant result on por
hile in other cases the profiling method is preferred.

buld therefore be exercised in interpreting measurements based on profiling technique
ith a high degree of porosity. This applies to calculations of both MPD and texture spec
ased measure such as the MPD can provide substantial over- and underestimations off
fects.
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If the intemtion is to characterize the drainage properties of such surfaces, for example to estinjate

its effect o
an underes
appropriat
record by
properties
water outf

On the oth
example to
emission, t
the deeper
post-proce
employed]

An additio

h wet skid resistance, hydroplaning or en noise emission and propagation, the profile g
timation of the available drainage pyoperties. The reason is that the profile curve does
ely show the effect of the pores in‘the structure since they are too deep to be possibl
profiling techniques; the profilé.curve only represents the horizontal part of the drain
In such cases, measurements of the vertical part of the drainage properties by means
ow technique may be a suitable supplement(12][14],

er hand, if the intention’is to characterize the potential vibration excitation in tyres
estimate its effecton-rolling resistance, on the hysteresis part of skid resistance or on n
he profile gives@moverestimation. The reason is that the tyre rubber is unable to env
parts of the texture. To correct for the limited enveloping capability of typical tyres,

5sing of profile curves by algorithms simulating the enveloping properties of tyres may
9][20],

hal s@uice of error, at least when using a laser profiling technique, is the probable e}

ves
not
e to
age
of a

for
hise
elop
the
 be

xtra

drop-out r
position.

hite.on porous surfaces, due to the likely shadowing of the laser spot as seen from the serrsor

Even for non-porous surfaces with very deep textures (significant “negative” textures), the above
mentioned effects can occur to some extent, depending on how well the profiling sensor is able to follow
the true profile, and without drop-out, in the deeper parts of the texture.

Experience has shown that the profiling method generally “underestimates” the texture depth on
porous surfaces when compared to corresponding texture depth values obtained with the volumetric
patch method, or vice versa. This is true provided the profilometer works “correctly” on porous
surfaces, i.e. without unacceptably high drop-out rates and without any erroneous transients, which is
not the case for all devices. On porous surfaces which have become clogged, experience has indicated
that the profiling method gives values which correlate well with the volumetric patch method.
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B.2 Newly laid surfaces and humid/wet surfaces

Newly laid surfaces, mainly before exposed to traffic, in particular those of bituminous type, generally
have a glossy and extremely dark appearance. Profilometers relying on optical beams might have
problems with such surfaces because too little light is diffused in the direction towards the receiving
element. Drop-out rates can become high and there can be transients at extreme transitions to/
from dark/bright surfaces. The same applies to surfaces which are dark due to wetness or humidity.
Therefore, drop-out rates should be monitored extra carefully when such conditions can occur.
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ure measurement of longitudinally grooved pavements causes problems since,.in 1]
ile profilometers are unable to measure across such grooves unless the Sensor
sversely during the measurement or operates in three dimensions. Stationary profilome
 effectively if they are oriented in the correct direction. It is also arguable,asyto what s
texture profile or depth measured in a particular direction has to the tyre/road intg
strated by the following points:

to characterise the effect on steering of a longitudinally grooved or-tined pavement, a p
transverse direction is likely to be the best;

to characterise the water drainage capability, a profile in the longitudinal direction is
very unsuitable;

likely to be the best.

texture depth in relation to that measured with the volumetric patch method beg
filometers have problems in reproducing the very steep, almost vertical slopes in g
Ctice, there are data which seem to suppert this but also other data which show no parti
he directional grooves. It is concluded that if there is an effect at all, it is an underest
bved surfaces and it is just a minoreffect which can be neglected in most cases.

measurement on directional, textures, the sensor, profiling along a longitudinal line,
ned such that the optical(plane is transverse to the direction of the grooves. For a light
ice, this implies that the direction of the light section should be longitudinal for transvers
transverse for longitudinal grooving.

becial (stationary)instrument designed to measure texture in various directions is t
k meter, definedin ASTM E2157-15[111,

te)

nost cases,
is moved
ters can be
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raction, as

ofile in the

ikely to be

to characterise the vibration excitation into a rolling'tyre, a profile in the longitudinal dlirection is

arding transversely grooved surfaces, in theory, the profiling method can somewhat underestimate

ause most
frooves. In
rular effect
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e grooving
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Annex C
(informative)

Procedure for sampling of mean segment depth values by spot
measurements

C.1 Background

It might happen that one wants to monitor a road section of a certain length and only an instriiment for
spot measyrements is available (e.g. a CTM, circular texture meter(11]). This annex outlines a procedure
to select plositions for spot measurements along a certain road lane under study.,The procedure is
suitable when the entire lane length cannot be measured and is intended to provide a smart way to
pick out m¢asuring points avoiding a selection which would otherwise be biased.by'some intentiongl or
unintentiohal subjective judgements. It is an example and not a requirement.

By choosinlg appropriate numbers as described below, the results can be deseribed in terms of statisfics,
e.g. the mepn value (mv) and the standard deviation (sd) of the MSD:

— The mgan value (mv): based on 18 measurements evenly distributed along one line segment of{the
pavemient, the interval mv +0,50 s includes the true mean valueof the MSD in that line segment yith
a probpbility of 95 %. If there are five such line segments;then the interval mv 0,21 s includes|the
true njean value of the MSD in the considered transvérsal position of the whole monitored rjoad
section, also with a probability of 95 %.

— The standard deviation (sd): based on 18 measurements evenly distributed along one line segnjent
of the pavement, the interval 0,75 sd to 1,5 sd includes the true standard deviation of the MSD in that
line segment with a probability of 95 %. If there are five such line segments, then the interval 0,8[7 sd
to 1,17 sd includes the true standard deviation of the MSD in the considered transversal position of
the wHole monitored road section, agairwith a probability of 95 %.

C.2 Procedure

C.2.1 Geperal

First, the fransversal position(s) within the lane subject to testing is (are) determined; for example,
the right wheel trackjthe middle of the lane or the left wheel track. The procedure in this annex then
outlines h¢w to s€lect the longitudinal position(s) where mean segment depth (MSD) values shall
be measured. Fer\each selected longitudinal position, MSD will be measured in all a priori chdsen
transversar positions.

Two cases can be distinguished, Case 1 and Case 2 described below.

NOTE It is assumed that the entire lane length L is paved with the same type of surface of same age and
condition.

C.2.2 Case 1: Lane length L is shorter than 1 000 m (L <1 000 m)
In this case, the whole lane length should be sampled at 18 points with spacing determined as follows.

Select the measuring points, at the chosen transversal position, at even intervals along the lane having
alength of L/18. Select the first measuring point at random between 0 m and L/18 m. Select the second
measuring point at a distance of L/18 from the first measuring point, and so on until the 18th measuring
point is reached. See the upper part of Figure C.1.
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.3 Case 2: Lane length L is longer than 1 000 m (L > 1 000 m)

In this case, the total lane length L is divided into subsections, each with a fixed length of 100 m.
Measurement of MPD is only done at spots within selected subsections. Essentially, a 100 m long
subsection is selected for spot measurement, approximately one per 5 km (or, for lane lengths shorter
than 15 km, at intervals at most 1/3 of the lane length). The procedure to achieve this in an unbiased
way is as follows:

The selection of the subsections to be tested is a three-step procedure (see the lower part of Figure C.1):

1.

C.2
Int

Cho

Determination of the number of 100 m long subsections, Ny, within the lane length L:

Nioom is then to be truncated to the nearest lower integer.

sampled, with a minimum of three, is calculated as follows:

T=L/5000 m

T is then rounded to the nearest integer.

Selection of the 100 m long subsections of the lane which/shall be spot sampled:
Calculate the quotient S:

S = Nigom/ T (the final number to be truncated to.an integer)

Choose the first subsection of the lane to sample at random between the subsection
subsection S.

The second subsection is then found-by moving further away S subsections from the first
that was selected for spot sampling. The third one is found by moving along another S s
and so on until T subsection$.have been sampled.

Within the selected subSections, the MSD measurement positions should be chosen as ex
Case 1.

4 Example ilustrating Case 2
his example.it is assumed that lane length L = 11 345 m.
ose transversal position where to measure.

L>1 000 m, hence Case 2 applies.

Determination of the number of subsections to be sampled (T). The number of subsedtions to be

1 and the

subsection
Ibsections,

plained for

1.

2.

3.

Number of subsections Ny,

L/100 m =11 345 m/100 m = 113,45

Hence Ny, = 113 after truncation.
Number of subsections to be sampled:

T=L/5000m = 2,269

As the minimum number of subsections to be sampled is 3, T will be 3.

Selections of the subsections to be sampled:
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S=Njgom/T = 113/3 =37,67

Hence the truncated number S = 37.

The T = 3 subsections of 100 m length to be sampled out of the 113 subsections available are then
determined as follows:

The first subsection of the lane of 100 m to be spot sampled shall be chosen between the 15t and the
37th, Assume that one chooses e.g. the 22"d subsection to sample. The second subsection to be sampled
is then 22 + 37 = 59th subsection, and the third subsection to be sampled is the 59 + 37 = 96th subsection
of 100 m.

Within the|subsections 22, 59 and 96, measure MSD values as outlined in Case 1.

| L<1000 m N

rando 0%&?{30 and < L/18)
measurl‘e%lnt points (18 in total)
selected transversal position (here right wheel track)

selected lane

Ul s W N =

three 100 m sections to be monitored like in Case 1; first section to be chosen at random between 15t and 6th
(here 4th); second is 4th + 6 = 10th, and so on

In this case, L =1 800 m.

1)

Figure C.1 — Selection of measurement points
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Annex D
(normative)

Data quality-enhancing procedures

D.

Thi
itm

eneral
enera:

5 procedure is designed with laser profilometers based on the triangulation procedure i
ight at least in parts work well also for other types of profilometers.

Most contactless profilometers are based on lasers and sensors working according to the tri
principle. When applied to a road surface, especially a newly laid asphalt sutface (which is
oftgn glossy and contains some voids) or a porous asphalt surface (which-¢ontains deep
reflected laser light is subject to several error mechanisms which camycreate serious er
megsured profile curve.

For|example, the reflection point on the surface can be hidden from being seen by the §
higher part of the surface profile, or so much laser light is abserbed or diffused that the req
is below an acceptance threshold: one or more invalid point[s)is (are) obtained, mostly ref|
rop-out”. This may be compensated for by disregarding samples flagged as drop-outs 3
conpecting the adjacent valid readings by a line; i.e. applying linear interpolation.

However, by far the most problematic error is shorttransients in the signal, which are gene
“spikes” as they look like such, whether directed-ipwards or downwards from the profile aj
The reason for these “spikes” is often that too Weak laser light is reflected (and missed by th
identification) or that so-called secondary reflections are created. The “spikes” create larg
MSD and MPD calculations if they are naef corrected for.

Deslpite all precautions against erraneous parts of the profile, the profilometer can record s
unexpected features of the profile, which can create extreme MSD/MPD values. This can be
insects, dirt and other loose mfaterial on the surface, insects, leaves, sand or other lightwei
crogsing the laser path or the’signal can simply go out-of-range. The optional solution t
renjove all outliers of the-MSD values.

r problems that-can’occur and jeopardize reproducibility include background noise in t
higher frequencies and varying laser spot size. A relatively large laser spot tends to sm
file curve, whil€ a relatively small spot reproduces fine details of the texture, but can, g
b, create many more “spikes”. In order to enhance reproducibility, it is then necessary to s

filtgrs thatreduce these problems while not affecting the true profile more than what is accs

The data’ quality-enhancing procedures in this document aim to reduce the effects of

1 mind, but

angulation

black and
voids), the
Fors in the

ensor by a
eived light
erred to as
nd instead

Fally called
rerage line.
e drop-out
e errors in

trange and
caused by
bht objects
this is to

e signal at
oothen the
t the same
tandardize
ptable.

imperfect

med

all devices

surement of the profile curve and to praovide a data processing pracedure which gives

that conform to the document equal and consistent performance, within reasonable tolerances.

After the procedure is applied, the MSD/MPD values shall be reasonably free of distorted parts of the
profile curve in order that the measured profile is as similar as practical to the true profile and that the
texture wavelength spectra shall be reasonably accurate (flat response) over the texture wavelength
range from 1 mm to 500 mm.

Although this annex is normative and contains requirements, for example in terms of the high-pass and
low-pass filter performance, there are parts of it that are only informative.
D.2 Summary of the specified data processing procedures

The procedures are summarized in Table D.1.
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Table D.1 — Overview of the data quality-enhancing procedures

Number Purpose Method Mandatory Domain Notes
or optional

la Drop-out de- |Detection of drop-outs, due [Mandatory |Temporal or
tection to low received laser light space (made in

hardware)

1b Drop-out cor- |Linear interpolation be- Temporal or
rection tween the adjacent valid space (soft-

samples ware)

2 Maximum use |Re-sampling (to 0,5 mm Mandatory |Temporaland/ |Calculate arithmeticlav-
of measured |or 1,0 mm spacing; prefer |where appli-|or space (soft- |erage of all samplesthat
data 0,5 mm if the system al- cable ware) fall within the requied

lows itab) spacing

3a Spike identi- |Identify spikes, according |Mandatory |Space (soft- Effect qaite small
fication and to Annex E ware) (comspared to number 5
reshape profile below)

3b Spike identi- Interpolation according to Gan be needed only dn
fication and 7.3 and Annex E. See also Critical surfaces, butfas
reshape profile|1b above. itis an “easy” procedure

it can well be manda
tory

5 Removal of High-pass filtering: 2nd Mandatory |Space (soft- Removes effect of vehi-
long-wave- order Butterworth, cut-off ware) cle bounce and unevgn
length compo- |at 140 mm (for continuous roads
nents data) or slope suppression

(for discrete data)

6 Normaliza- Low-pass filtering: 2nd Mangdatory® |Space (soft- Reduces effect of noife,
tion of profile |order Butterworth, cut-off ware) and laser spot size
sharpness at3 mm

7 Extreme MSD |Identification of MSD Optional Post-processing|Only for MSD values,
value removal |outliers and removalby not used when extrefne

3-points median filter features are of interdst

a2  This requirement is aimed at the vast.majority of present in-use profilometer systems, using the single-sepsor
triangulatioh principle. More advanced sysfenis in the future are likely to provide better performance.
b In case the profile is extracted from anumber of parallel profiles, such as when measuring a three-dimensional surface
representation, the total width of thelselected profile lines shall be at least 0,5 mm and at most 1 mm.
¢ D.4 proyides informative hintSy€garding the design of this filter.
D.3 Brief description of the procedures
D.3.1 Drpp-outidentification (mandatory)

ll_l De_ 1N l-- ne - en a walaa . S em a O nle :hat

are measured to have a received laser light intensity below a certain limit, determined by the sensor

producer. Data processing shall then be made as follows:

Make linear interpolation between the previous and the next valid samples, surrounding the invalid

sequence. In cases where the first or last samples of a segment are invalid, just set the value(s) equal
to the nearest valid value.

D.3.2 Maximum use of data (mandatory where applicable)

In case sampling in the temporal domain is made with higher density than corresponding to 0,5 mm in
the space domain, re-sample the signal to obtain a sampling density of 0,5 mm (two samples per mm).
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This re-sampling shall be made by averaging all samples within each 0,5 mm interval into one average
representing that interval. Disregard invalid samples. This is made in order not to lose valuable data
and to reduce noise and errors.

D.3.3 Spike identification (mandatory)

The drop-out identification and interpolation removes most “spikes”. However, there will be spikes
remaining in the signal, more or less depending on the kind of surface measured. The spike identification
procedure has the purpose to determine whether these spikes are too sharp or not to be realistic and
thus be “true” or “false”.

The low-pass filter takes care of most of the distorting effects of the spikes. Thus, if the spilfes are few,
the|spike identification and removal have little extra effect. But there might be critical surffaces, such
as glossy and black surfaces (such as newly laid asphalt), where the procedure can give|significant
improvements.

The procedure to be used is described in Annex E.

D.34 Reshape profile (space domain, mandatory)
Malke interpolation between the previous and the next valid samples that are surrounding the spike.
in a segment, the number of interpolated points due to spike removal shall not exceed § %.

The resulting profile is useful for spectral analysis and other‘types of analyses, if desired.

D.3.5 Removal of slope and long-wavelength conmponents (mandatory)

If the profile has been recorded continuously (4:2.1), high-pass filtering shall be made to reduce the
effect of slopes or gradients in the profile cur¥e (long-wavelength components) which arq irrelevant
to the determination of MSD and MPD. The.filter shall be of the Butterworth type, 2" order, and the
filtgring shall be made in a forward-reverse filter in order to reduce phase distortion of the profile
signalll8l. See D.4 for further details.

D.3.6 Normalization of sharpness by low-pass filtering (space domain, mandatpry)

Despite the procedures abave, the signal can contain more or less short-wavelength amplitydes (5 mm
and)less), depending on, for'example, laser spot size, electronic noise and sampling rate, which can affect
the[MSD calculations. Fhieefficiency of the spike removal can also have an influence here.

Therefore, in orderto’normalize the signal, a low-pass filter is applied. It should be Butterworth of 2nd
ordpr and the filfering shall be made in a forward-reverse filter in order to reduce phase djstortion of
the|profile signalt18l. See D.4 for further details.

At this peint'in the processing, the total invalid readings of the profile (drop-out plus spikle removal)
sholild’be' counted (as a percentage of the total profile).

D.3.7 Extreme MSD value removal (space domain, optional, only for MSD
determination)

Even if all procedures above are applied, when calculating MSD, there will be some extreme MSD
values, some of which can be “true” or “interesting”. Examples of values not being “true”, include if some
loose object or dirt flies between the surface and the laser sensor, or if there are loose stones or debris
temporarily lying on the surface. Another reason can be that the signal hits a crack or joint between
concrete slabs which is wide enough to be missed by the drop-out and spike detection. Finally, in some
systems, the profile is sometimes so rough that the laser signal hits the surface at a point outside the
valid measuring range.

For this reason, there is an option to disregard extreme MSD values. This procedure is a 3-point median
filter; see 7.9.
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D.4 Aid in designing the filters

This clause gives more informative hints regarding the design of the filters which are required for
normalization of profile sharpness and for removal of slope and long-wavelength components. The
filters shall be 2nd order Butterworth filters, with a low-pass filter with cut-off at 3 mm, and a high-pass
filter with a cut-off at 140 mm wavelength. The filtering shall be made in a forward-reverse filter in
order to reduce phase distortion of the profile signall18l. To achieve this, a second-order Butterworth
filter with an (-3 dB) adjusted cutoff wavelength at 2,40 mm shall be designed and then applied in both
forward and reverse directions. This will give the desired features. For the high-pass filter, the adjusted
(- 3 dB) cutoff wavelength is 174,2 mm.

A digital fi
pass filter,
data), this

Vi :(X

where A,
using the |
values are

reverse ordler.

For a 2nd ¢
sequence, )

Vi =(X

Also Formiila (D.2) shall then be applied twice, the second'time being for data in the reverse order.

The formy
coefficient
MATLAB®

After apply
filter, i.e. it

Due to the
consider th

segments both before and after the valid section of the profile. These end segments are not used

calculation

Table|
in for

by applying a first-order filter in the forward-reverse directions to a discrete sequence; x
Can be written as

i 2 +2x; 1 +X;) /Ayt ALY 2+ Ay (

A, and A, are coefficients that are determined by the cut-off frequency and the resolu
ilinear transform method. The filtered data is then given in y. However, the first two (¢
unchanged. Formula (D.1) shall then be applied twice, the second\time being for data in

rder Butterworth high-pass filter applied in the forward-reverse directions to a disc
[ (i.e. data), this can be written as

i 2 —2x; 1 +X;) /Ay + A1y 2+ Ay (

lae can be implemented easily in aspreadsheet or any programming language.
5 and necessary filter parameters are presented in Table D.2. They were calculated u
2), All decimals should be used to avoid poor filter performance.

ing the 2nd order filters in both directions, the cut-off slope will resemble that of a 4th of
will have cut-off slopes around 24 dB/octave.

unavoidable instability‘of the signal at the start and end of each filtering process, one s
e first and the last MSD segments as invalid. This requires that the filtered signal cont

of MPD.

D.2 — Filter parameters for 2" order Butterworth low-pass and high-pass filters

ter can easily be implemented by a recursive relationship. For a 21d order Butterworth low-

(i.e.

D.1)

fion
lata
the

rete

.2)

The
bing

der

hall
hins
for

ward-reverse application, resulting in a cut-off wavelength of 3 mm and 140 mm,
respectively, when applied in both directions
Resampling Cut-off
interval wavelength %o M A2
mm mm
Low-pass
0,5 3(2,40) 4,541 435 369 517 87 |-0,188345160884 045| 0,307 566 359 792 21
1,0 3(2,40) 1,450 734 151 687 5 |-0,477 592250072 517 |-1,279 632 424 997 81
High-pass
0,5 140 (174,2) |1,012833907 191 07 |-0,974 817997 723097 | 1,974 496 861 900 19
1,0 140 (174,2) |1,025832570 015 15 |-0,950 270 130 608 283 | 1,949 001 657 906 79

2) MATLAB® is the trademark of a product supplied by MathWorks. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of this product.
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Annex E
(normative)

Spike removal procedure

E.1

General
x aH

CTITCTT

As gtated in 5.8 and in Annex D, it is recommended that laser profilometers be equipped with a system
to detect invalid readings. For every data point, the observed light intensity of the laser spof should be
megsured and, if the light intensity is below a given threshold, the corresponding data poinf should be

labg¢
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The
“su
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Thd
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NOT

Thd
be 1|
dire

It W
Refi

lled as invalid or “drop-out”. Nevertheless, this system can make mistakes and somet
b are not recognized as such. This can lead to “phantom” peaks (spikes) in the profile,
ously bias the results (e.g. the MPD calculated with the profile).

refore, it is wise to apply an a posteriori procedure to a measured texture profile
pect” high and sharp peaks from the profile. The procedure outlined in this annex is inte
rted in the data processing chain after the handling of the invalid readings as describe
drop-out readings are replaced by values which are interpolated between the closest val

mes drop-
which can

to remove
nded to be
lin 7.3; i.e.
d readings

re spike removal takes place. Spike removal, thus, intends to remove spikes which “slip through”

drop-out procedure.

procedure basically consists of assigning the status of “invalid” reading to data points v
ain criteria, even if they were not recognized as a-drop-out during the measurement. The
ed the “excessive slope” procedure, is very sitnple:

sider a profile with amplitude z; belonging to horizontal position index i and step si
erion for assigning a posteriori the status of invalid reading to the ith data point is:

|ZI- —ZI-_1| >0 Ax

bre o is a constant factor (& ¥°3).
E It has been foundthat a = 3 is a good choicel21l.

criterion (E.1) dsychecked for all the data points i of the profiles. After this, the proc

vhich meet
procedure,

ze Ax. The

(E.1)

bdure shall

epeated but done in the reverse direction. The spikes are first identified in forward and reverse

ction before'teplacing them with the interpolated value.

as been>found that the much more complicated spike removal procedure by VTTI, pr
erence”{22], gives results almost equal to the procedure described above. Nevertheles

esented in
, the VTTI
faces differ

pro

cedure should not be used in this application since there is a risk that results on some sur

1- PR +1 1
a l1ttrepetwerelr tite protcuaurcs.

Subsequently, an interpolation procedure for the drop-out treatment, as described in 7.3, is applied.

E.2

Example

The procedure is illustrated with an example; see Figures E.1, E.2 and E.3.
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Figure E.1 — A measured profile (as illustrated above) is sabject to analysis
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Figure E{2 < Step 1: As a result of the spike removal identification procedure, four points afe
detected as suspect readings (indicated as unfilled circles)
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Figure E.3 — Step 2: The invalid readings are replaced by interpolated values betw

nearest valid readings (indicated asunfilled circles)
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Annex F
(informative)

Measurement uncertainty

ral

F.1 Gen

The result
by several

of the application of the procedure described in this document is subject to disturbg
factors and processes. The cause and nature of these disturbances are either known

nce
but

randomly dlistributed in an uncontrollable way, or are of a systematic nature, but affect the'result in an

unpredicta
The uncert
by the pro
Reference

in ISO/IEC

In accorda
the combir
factor k by

Regarding

E2 Exp

The geners

dMPD =
where

dMPD

dMPD, n

ble way.

ainty of results obtained from measurements according to this document can be evalud
cedure given in ISO/IEC Guide 98-3, or by interlaboratory comparisons in accordance V
4]. Since extensive inter- and intra-laboratory data were not available, the procedure g
Guide 98-3 was followed to estimate the uncertainty associated‘with this document.

hce with ISO/IEC Guide 98-3, the effects are evaluated on-the basis of their contributio
ed standard uncertainty and then a coverage probabilit§pis’defined, resulting in a cover

validity of the method, limitations are discussed irZAnnex B.

ression for the calculation of the MPD value
| expression for the determination of the’MPD is given by the following formula.

dyppmeas 701 07 +03 +04 +05 485 +07 +0g

is the quantity tobe determined;

cas is the MPD nmieasured and calculated according to the procedure given in this docum

is an inputquantity to allow for any uncertainty due to lateral and longitudinal variat
in the-strface texture which is not picked up by the measurement;

iSsah input quantity to allow for any uncertainty in texture measurement equipment

ted
vith
ven

h to
age

which the combined standard uncertainty is multiplied;.yielding the expanded uncertainty.

F.1)

ent;

ons

32

isan inpnf rln:\nfify related to the tolerance allowed to the segment ]pngfh;

is an input quantity to allow for uncertainty due to secondary reflections of the laser light

in the pavement;

is an input quantity to allow for any uncertainty due to drop-out correction and spike

removal;
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the road surface moisture and other contamination.

o is an input quantity to allow for any uncertainty due to variations in the procedure for
other data processing;

67 is an input quantity to allow for any uncertainty due to environmental influences on the
instrument;

Og is an input quantity to allow for any uncertainty due to environmental influences from

Thd

b3

sources of uncertainty are explained below:

Sources of uncertainty

The MPD is considered to be representative of a certain test section. However,due to Iq
and lateral variation in the surface texture, the actual measurement path andthe choice
locations cause a stochastic uncertainty in the MPD result.

The equipment used for measuring the texture of the surface (or better the distance b
sensor and the road surface) exhibitlimited accuracy due to calibration, noise in the sen;
earity and resolution uncertainty in the sensor. Contaminatéd lenses might be anothsg

The tolerance allowed to the segment length can lead teseme uncertainty.

Secondary reflections of the laser light (where applicable) in the pavement, as well a
tical influences of the surface material or of dustin the air, might unintentionally in
reading of the sensor signal, especially for surfaees which are to a certain extent glossy
reflectivity can vary substantially. Secondary-reflections tend to be of importance onl
laser illumination hits deep down on slopgs-of valleys in the profile. Other optical influg
be light spreading properties of stones.in the texture; in particular due to crystalline

The application of drop-out interpolation and spike removal involve sources of unwa
tions from the true profile. Especially spike removal is sensitive, since the method relie
peak detection. An only partly removed spike might have an asymmetric effect: the p¢
always higher and not lower: Also, the method of interpolation can have a (marginal)

In a next step, slope correction (for discontinuous measurements), high-pass filtering (for
measurements) and Iow pass filtering are applied in order to obtain true segment pr
which finally the-MSD’s are calculated. Depending on how these procedures are applie
of the carrying,vehicle and the unevenness profile, uncertainties can occur.

The environment can influence the measurements; for example if the sensor is disturf
shineorfother external light, some sensors can be sensitive to temperature.

The-environment can influence the measurements; for example, moisture on the surfa
an effect in some cases.

ngitudinal
of segment

btween the
or, non-lin-
Ir source.

s other op-
Fluence the
and where
[y when the
nces might
structure.

hted devia-
5 on proper
akvalueis
influence.

continuous
ofiles from
d, bounces

ped by sun-

e can have

In Clause F.4, an example is given for a typical measurement of a road section and with a system meeting
the requirements stated in the main body of this document.

NOTE1 It has been noticed that the effect of electronic background noise in the sensor system has a small
effect on the MPD value. It is not possible at the time of publication to present a correction procedure for this, but
indications suggest that modern sensor systems can increase (or, in some cases, decrease) the measured MPD
values by maximum 0,04 mm. This can thus have a significant effect, primarily when measuring very smooth
surfaces.

NOTE 2  The input quantities in Formula (F.1) to allow for uncertainties are those thought to be applicable
according to the state of knowledge at the time when this document was being prepared, but further research
could reveal that there are others.
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