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Foreword

[SO (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 ]

nternational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may
WWwWWw.iso.

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had not Teceived ndgtice of (a)
which may be required to implement this document. However, implementers are cautioned that
hot represent the latest information, which may be obtained from the patent database ayailable at
prg /patents. ISO shall not be held responsible for identifying any or allysuch patent righty.

Any trad{
constitutd

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

Organizat
This docu

This seco
revised.

The main

— default measure RMS);, in mm instead.of Ly, in dB;

— use tle same pre-processing precedures as in [SO 13473-1 (drop-out and spikes);

— used
— impr

— infor

homepage.

Alistof a

Any feed

complete ti

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

ment was prepared by Technical Committee ISO/TC 43, Acoustics, Subcommittee SC 1, Noise.

nd edition cancels and replaces the first edition (ISO 13473-5:2009), which has been t¢chnically

changes are as follows:

gital filters to calculate'megatexture, earlier done by spectral analysis;
vements of the uncertainty description of megatexture calculations;

mative annexwith reference program and reference calculations, available at the www.jerpug.org

| partssin the ISO 13473 series can be found on the ISO website.

ack or questions on this document should be directed to the user’s national standards body. A
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Introduction

Pavement surface texture largely influences factors such as noise emission caused by tyre/road interaction
(see Reference [1]), tyre/pavement friction (see Reference [2]), and comfort, as well as rolling resistance (see
Reference [3]) and wear of tyres. Reliable methods of measuring and characterizing texture are therefore
essential. Texture is subdivided into micro-, macro- and megatexture according to ISO 13473-2. A method
for measurement and calculation of a macrotexture indicator based on a profile measurement is specified
in ISO 13473-114l. A procedure for measuring macrotexture by the volumetric patch method is described
in EN 13036-1[3l. Currently, no reliable and practical method of measuring pavement microtexture in situ
is available. This document aims to provide means of measuring and calculating a megatexture indicator
useful for pavement surface characterization.

Megatextfire is an important texture range lying between macrotexture and unevenness. This type of
texture hps wavelengths of the same order of magnitude as a tyre/road interface and is often 4 result of
potholes ¢r ‘washboarding’. Some common types of singularities, such as a single depressed,(e.g. f pothole)
or protrudling (e.g. caused by tree roots) spot on the pavement, will also show up in a texture’profilejspectrum
as megate¢xture. Although some pavements, such as paving stones, possess an intrifisic megatexture, it is
usually ah unwanted characteristic resulting from defects in the surface. Megatexture is an urdesirable
feature, the higher the value, the worse the road is perceived: megatexture is knewn to increase fyre/road
noise by jnducing tyre vibrations. At the same time, these tyre vibrations cduse energy dissipatjon in the
tyre. Therolling resistance increases and this leads to highly unwanted fuelconsumption and CO4 emission
(see also 3.2).

© IS0 2025 - All rights reserved
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Characterization of pavement texture by use of surface
profiles —

Part 5

Determination of megatexture

1 Scope

This docyment specifies a procedure for determining the magnitude of pavement surface megat
measuring the surface profile and calculating a megatexture descriptor from this profile. The te

designed
various p
rolling re

Since the

to give meaningful and accurate measurements and descriptions of pavément megatg
irposes, such as for the prediction of the acoustic quality of the pavement or the assessn]
bistance.

e is an overlap between megatexture and the surrounding-tanges, megatexture d

unavoidably have a certain correlation with corresponding measutes”’in those ranges. This

specifies
ISO 8608

neasurements and procedures which are in relevant partsicompatible with those in ISO 1
6] and EN 13036-5[71.

2 Normative references

The folloying documents are referred to in the text insuch a way that some or all of their content ¢

requirem
the latest

ents of this document. For dated references,*only the edition cited applies. For undated r
edition of the referenced document (including any amendments) applies.

ISO 13473-2, Characterization of pavement texture by use of surface profiles — Part 2: Terminology)
requiremdnts related to pavement texture profile analysis

[SO 1347

B-3, Characterization of pavement texture by use of surface profiles — Part 3: Specific

classificatlion of profilometers

ISO/PAS 13473-6, Characterization of pavement texture by use of surface profiles — Part 6: Verifica

performa

ice of laser profilometers used for pavement texture measurements

3 Terms and deéfinitions

For the pt

exture by
hnique is
xture for
ent of the

pscriptors
Hocument
3473-114],

bnstitutes
bferences,

and basic

ation and

Fion of the

[rposes-of this document, the terms and definitions given in ISO 13473-2 and the following apply.

[SO and IEG-maintain terminology databases for use in standardization at the following addresses

— IS0 Online browsing platform: available at https://www.iso.org/obp

— IECE

lectropedia: available at https://www.electropedia.org/

3.1 General terms

3.11

texture wavelength

A

quantity describing the horizontal dimension of the irregularities of a texture profile (3.1.3)

Note 1 to entry: Texture wavelength is normally expressed in metres (m) or millimetres (mm).

© IS0 2025 - All rights reserved
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Note 2 to entry: Texture wavelength is a descriptor of the wavelength components of the profile and is related to
the concept of the Fourier Transform of a series regularly sampled measurement points along a spatial axis. Vertical
displacement (height) has an arbitrary reference.

3.1.2
pavemen
texture

t texture

deviation of a pavement surface from a true planar surface, with a texture wavelength (3.1.1) less than 0,5 m

Note 1 to entry: It is divided into micro-, macro- and megatexture according to 3.2.

3.1.3

surface profile

texture protile
upper corjtour of a vertical cross-section through a pavement

Note 1 to gntry: The surface profile (texture profile) is further indicated with its mathematical descriptor 4

Note 2 to
including

Note 3 to
(the abscis
example ig
the travel

Note 4 to d

Key

distar]
vertic
surfag

N o= N

textuy

try: A typical profile recording of a pavement surface is illustrated in Figure 1 (vefitical scale exa

(X
ggerated),

e terms profile, distance, vertical displacement and wavelength. “Wavelength” jn the figure is an illustration
of a compdnent of the profile related to the wavelength concept but it is not correct from'a strictly mathemz
of view. Furthermore, the reference (bottom) line is arbitrary.

bntry: The profile of the surface is described by two coordinates: one.invthe surface plane, calle
sa), and the other in a direction normal to the surface plane, called veptical displacement (the or
given in Figure 1. The distance may be in the longitudinal or lafetral (transverse) directions in
Hirection on a pavement, or in a circle or any other direction between these extremes.

ntry: Texture profile is similar to surface profile but limited to the texture range.

2
Z

ce
hl displacement
e profile

e wavelength

tical point

d distance
linate). An
relation to

Figure 1 — Illustration of some basic terms describing pavement surface texture

3.14
drop-out

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

3.1.5
spike

unusually high and sharply defined peak in the measured texture profile, which is not part of the true
texture profile and is not indicated as invalid by the sensor

Note 1 to entry: See Annex A for a quantitative definition of a spike.

© IS0 2025 - All rights reserved
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3.1.6

profilometer

device used for measuring the profile of a pavement surface Z(X) to be used for calculation of certain
mathematically defined measures

Note 1 to entry: Current designs of profilometers used in pavement engineering include, but are not limited to, sensors
based on laser, light sectioning, needle tracer and ultrasonics technologies. The most common sensor type used in
profilometers is laser based. In most cases, the profile is recorded for subsequent analysis, in some cases it may be
used only in real-time calculations.

Note 2 to entry: Specifications for profilometers are dealt with in [SO 13473-3.

3.2 Ra nges of texture

3.21
microtexjture

pavemenit microtexture
deviation|of a pavement surface from a true planar surface with the characteristicidimensions |along the
surface of less than 0,5 mm, corresponding to texture wavelengths up to 0,5 mm expressed as ¢ne-third-
octave ceptre wavelengths

Note 1 to ¢ntry: Peak-to-peak amplitudes normally vary in the range 0,001 mm to©;5"mm. This type of texture is the
texture wlhich makes the surface feel more or less harsh but which is usually teo small to be observed by|the eye. It
is produced by the surface properties (sharpness and harshness) of the indiyidual aggregate or other partjcles of the
surface whjich come in direct contact with the tyres.

Note 2 to pntry: Based on physical relations between texture and friction, noise, etc., the World Road Association
(PIARC) hps defined the ranges of micro-, macro- and megatextureyearlier; see Reference [8]. Figure 2 |illustrates
how these| definitions cover certain ranges of surface texture wavelength and spatial frequency, and hqw various
characteriptics are influenced within these ranges.

© IS0 2025 - All rights reserved
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Vehicle wear Tyre wear

Rolling resistance

Tyre / road friction

Exterior tyre / road noise

Noise in vehicles

Discomfort for travellers

X2 spatidl frequency [1/m]

macrq

BwWw N R

micro

NOTE

Figure

3.2.2
macrotey

unevegnness
megatexture

texture

fexture

(ture

pavemenft macrotexture

deviation
surface o
the range

their most significant, anticipated effects[él

1 2 3
[ [ [
| |
50 m 5m 0,5 m 50 mm 5 mm 0,5 mm X1
| | | | | |
0,02 0,2 2 20 200 2 000 X2
ength

Alighter shade indicates a favourableeffect over this range and a darker shade indicates an unfavout

2 — Ranges in terms of wavelength and spatial frequency of texture and unevenng

of a pa¥ément surface from a true planar surface with the characteristic dimensions
0,5 mm to 50 mm, corresponding to texture wavelengths with one-third-octave bands
0;63'mm to 50 mm of centre wavelengths

able effect.

ss and

along the
including

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 a 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. The size of the macrotexture has a positive correlation with the stone size of the pavement.

© IS0 2025 - All rights reserved
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megatexture

pavemen

t megatexture

deviation of a pavement surface from a true planar surface with the characteristic dimensions along the
surface of 50 mm to 500 mm, corresponding to texture wavelengths with one-third-octave bands including

the range

63 mm to 500 mm of centre wavelengths

Note 1 to entry: Peak-to-peak amplitudes normally vary in the range 0,1 mm to 50 mm. This type of texture is
composed of wavelengths with the same order of size as a typical tyre/road interface and is often created by potholes
or ripples in the surface. It is usually an unwanted characteristic resulting from defects in the surface, but it can as
well be intrinsic to the pavement (e.g. cobble stones). Surface roughness with longer wavelengths than megatexture is
referred to as unevenness and typically takes the form of undulations in the surface.

3.24
unevenn

pavement unevenness

deviation
surface o
0,63 mto

Note 1 to 4
and are rd

considered.

Note 2 to ¢
in, and roa
instability
to unevent

3.3 Me

3.3.1
measure
Im

length of

Note 1 to d

3.3.2
evaluatig
le

length of

Note 1 to 4
Note 2 to 4

3.3.3
calculati

ESS

of a pavement surface from a true planar surface with the characteristic dimensions
F 0,5 m to 50 m, corresponding to wavelengths with one-third-octave bands*including
50 m of centre wavelengths

ntry: Pavement characteristics at wavelengths longer than 0,5 m are considered to be above thaf
ferred to here as “unevenness”. For airfield applications, even wavelengths longer than 50 n

ntry: Longitudinal unevenness is a type of surface roughness whieh; through vibrations, affects ri
d holding of vehicles. Transverse unevenness, e.g. due to the présence of ruts, affects safety thro
and water accumulation. Itis not the intention of this documentto include terms which are specific
ess. Such terms are defined in ISO 8608[¢], 1SO 16063-1[21, ASTM E950/E950M-09[10] and EN 1303

patexture measurement method

ment length

hn uninterrupted texture profile which has been or is to be measured

ntry: Measurement length is normally expressed in metres.

n length

h portion of one or \ore profiles for which megatexture RMSy,,, (3.3.5) is to be evaluated
ntry: Evaluation length is normally expressed in metres.

ntry: Thecevaluation length is always smaller or equal to the measurement length.

bn-length

along the
the range

of texture
would be

de comfort
gh lateral
lly related
5-5071,

IC

length of a portion of one or more profiles for which megatexture RMS);, (3.3.5) is to be calculated

Note 1 to entry: Calculation length is normally expressed in metres or millimetres.

Note 2 to entry: The calculation length is always smaller or equal to the evaluation length. One RMS;. value is

presented

3.3.4

per calculation length.

megatexture profile Z'(X)
texture profile after application of the megatexture digital filters (see Annex D) to the texture profile Z(X) (3.1.3)

© IS0 2025 - All rights reserved
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3.3.5
megatexture root mean square deviation of the profile
RMSy,
root mean square (RMS) value of the ordinate values of megatexture profile Z'(X) within a calculation length I,

ISO 13473-5:2025(en)

_ 1 IC ’2
RMSyy, _\/Z'[O 72 (X)dX

where

Note 1 to dntry: RMS);, is normally expressed in millimetres (mm) in this application.
Note 2 to gntry: RMSy, is denoted R, (from “rugosité quadratique” in French) in ISO 4287. Howeyerswhen d¢
pavementq, RMS),, is preferred, since it is already one of the most used terms in pavement analysis. Fu
there is a 1jisk of confusing of the terms Rq and Ry, which are pronounced similarly.

Note 3 to dntry: In case the texture level Ly, (expressed in dB re. 1 pum) is given, the RMS),,, expressed in m

[

C

Z'(X)

calculated

is found wfith the expression Ly, = 20 - log(RMSy, - 1 000) (dB re. 1 pm). Ly, was uSed as a standard indig
previous version of this standard.

4

4.1

Mea

Ins

411 G

The techrjology for measuring the profile can beschosen freely by the user as long as the requireme
document are met. An instrument which produces a signal that is proportional to the distance |
sensor's reference plane and a given surfaee-sample point, can be used. Typically, the sensor would

be an ele

[SO 13473-3 may be used. The final eutput shall be linearly related to the texture profile and line

be obtain

The profi
elevation

applicabl¢ when the profil® is produced by a technique such as light sectioning where the profij

reference

The profi

mobi

is the calculation length;

is the megatexture profile.

with the equation RMSy;. = 0,001 - log(L,/20). Inversely, if the RMSy,, iSgiven (expressed in m

Ssurement instruments
truments in general

eneral

ctro-optical device or a video. camera, but other devices that comply with the requir

bd either in hardware or software.

ometer system shall"also provide means of moving the sensor along or across the sur
(vertically) which49 essentially constant over at least one full wavelength. However, 1

line or plane-are recorded instantaneously.
ometer system shall meet the following specifications in accordance with 1SO 13473-3:

ityclass: mobile, fast or slow;

aling with
rthermore,

m, is easily
m), the Ly,
htor in the

hts of this
etween a
normally
pments of
arity may

face at an
his is not
le and its

textu

e "A'ratvralenrrth: l‘lacc EF (AS nm tn 500 mm) aval "A'ridnr;

minimum vertical measuring range: 60 mm;

vertical resolution: 0,04 mm or better;

horiz

ontal resolution: less than or equal to the sampling interval;

maximum sampling interval: 5 mm;

texture wavelength range of sensorand recording system: the frequency response of the entire measuring
and data collection system shall be within +1 dB over the entire megatexture range;

background noise: maximum RMS value: 0,05 mm (see further in ISO 13473-3);

© IS0 2025 - All rights reserved
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— alignment of sensor and local slope limitation: see ISO 13473-3.

4.1.2 Performance check

Regular performance checks shall be made in accordance with ISO/PAS 13473-6.

4.1.3 Indication of invalid readings (drop-outs)

Invalid readings, also known as 'drop-outs’, can occur due to the photometric properties of the surface or
shadowing of light in deep troughs of the profile. Therefore, the system shall have means to identify drop-outs.

In addition, laser diodes deteriorate over time, which can eventually result in excessive invalid readings. For

this reas

T, and foT CHecKIng tiat the IMtensity 1S WithiTT the manufacturer S Specitication, TS Teco

that therg be a means of checking the laser intensity at certain intervals. A method for this isyde
ISO/PAS 13473-6.

5 Test

surface considerations

5.1 General

The meas
ithas bee

urements shall not be taken in rain or snow. The surface shall be dry during measuremer
h established that the equipment used works equally well on a wet and dry surface. In ad

surface shall be clean and free of all elements which could disturb the\theasurements.

NOTE
recently b

Measurements with an optical system are not necessarily. very reliable for asphalt surfaces
ben paved, since these are usually exceptionally dark and shiny. If megatexture tests are carried

or rather Joon after laying of asphalt, distortions due to temperature gradients in the air above the test s
influence fhe measurement results.

For roadd open to traffic, texture normally varies over*a cross-section. In this case, the lateral p

the meas

irements should be in accordance with the planned use of the results. Megatexture 1

square dgviation of the profile, RMSy., can evenbe heavily dependent on the exact lateral positio
is measuijed, which can be e.g. the case if a bitiiminous pavement ravels or is after-compacted in
tracks. This should be assessed by means-of\Wisual observations. The lateral position should be ¢

accuratel

/ as possible and in some cases, it may be advisable to perform several runs over the g

section inforder to evaluate the uncertainty due to lateral heterogeneity, see also discussion on meg
uncertainty in Clause 8 and Annex C.

5.2 Tedtlengths

The calcu

NOTE

[ation length shal¥be 1 m (Figure 3).

accurately|include the longer wavelengths of the megatexture range and introduce offsets and trends not
with the ifjterpretation of texture.

mended
scribed in

ts, unless
lition, the

yhich have
out during
urface can

osition of
oot mean
N where it
the wheel
lefined as
ame road
surement

This length provides a BT product (bandwidth x length) of about 16. Shorter calculation lengths do not

consistent

© IS0 2025 - All rights reserved
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2
! : ! : |
3 3 3
Key
1  measyrement length
2 evalugtion length

3 calculption lengths (1 m)

Fig

It is reconmended that measurements and evaluations (and hence{calculations) are made along

test secti
length sh

Although

distributgd profiles of at least 1 m each per 100 m test section. The calculation length shall be 1 m

When chgracterizing a long test section with relatively short sample lengths, ensure that the texty
the sample length(s) is sufficiently representative(©f the total length. If it is not possible to evaluate
section, if is necessary to determine the minithum number of samples necessary to minimize th
any suspgcted non-homogeneities. The selectien of these samples can be done according to the prg
outlined i Annex F.

6 Mea

6.1 General
The measjurements shallcomprise the following operations:
a) testing of the semsitivity to vertical motion of the vehicle (only at certain intervals, see 6.2);

b) calibgatien\of the profilometer system (see 6.3);

c) runn

ISO 13473-5:2025(en)

“calculation length”

bn; i.e. if a profile is recorded longitudinally along thetest section, 100 % of the med
puld be utilized.

a continuous measurement is the ideal, the measufed profile shall include no less than f

surement method

ure 3 — Illustration of the concepts “measurement length”, “evaluation length” and

[he entire
surement

ve evenly

re within
the entire
p effect of
cedure as

na‘the nrofilaometer over the test section-and measuring the navement surface nrofile
o o r r

using a suitable test speed as specified in 6.4.

6.2 Sensitivity to vertical motion of the vehicle

(see 6.4),

Ensure that the sensor is stable at least during the measurement of a full calculation length and for all
operating speeds, or that it has some means of compensation for vertical motions. This requires that vertical
motions, e.g. those occurring at the natural suspension frequency of the sensor and/or its carrier, shall have
negligible influence, i.e. shall not violate the background noise requirements specified in 4.1.

A suitable test is to run the carrier of the measuring device on a smooth and even surface so that the tyres
roll over an object, having a height of 20 mm to 25 mm, a width of 200 mm and a length of 100 mm to

© IS0 2025 - All rights reserved
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150 mm, placed on the surface at the same time as the sensor does not measure the object. Rolling over the
object will excite vertical motions in the vehicle. The difference in recorded profile with and without the
object is an indication of the influence of vertical motion of the vehicle.

The testing described in this clause is necessary when the performance of the measuring system is checked
the first time, as well as at later intervals when the vehicle suspension system performance may have
changed.

A recent experiment simulating car body vibrations showed that the incurred uncertainty is not more than
4 % of the texture amplitudel11l.

6.3 Calibration

Calibratidn shall be carried out by running the sensor over a special calibration surface utilizihg a well-
defined ppofile. The vertical deviation of the calibration surface, in relation to its theoretical profile, shall
not exceefl 1 % of its peak-to-peak amplitude.

The background noise when measuring stand still against a white paper with a simulated speed of 70 km/h
should bejless than 0,05 mm RMS),,.

Calibratidn procedures are not further specified here. They shall be designed-such that the extralstandard
uncertainty introduced by the procedure (in addition to the calibration surfac€, see above) is no worse than
10 um RMSye.

Report the type of calibration used.

For testinlg the calculation procedures presented in this standard, the reader is referred to Annex

|CT]

NOTE For calibration procedure and examples of calibration® surfaces, refer to the principles exjplained in
ISO 13473-3:2002, Annex A. Consider the possibility of an.adaptation to the appropriate wavelength| range for
megatexture, although a calibration surface intended for the.macrotexture range can be used also for megatexture if
the fundarhental wavelength is at least 10 mm.

6.4 Mepsuring speed

The speed with which the profile is sampled;shall be such that the requirements on sampling and bandwidth
are met.

NOTE Modern profilometers have )bandwidths which are typically between 30 and 70 kHz, whiich allows
(theoreticgl) measuring speeds of 51400 and 12 600 km/h, respectively. Hence way above any physical or legal speed
limitation.

6.5 Mepsurement of the texture profile

The texture profile shall be measured with sample intervals less than or equal to 5 mm. Sample intervals
longer than 5 mmntroduce excessive error in the measurementsl12l.

NOTE Thé.error caused by longer sampling intervals is from aliasing. Aliasing error occurs when a function is
sampled without first being low-pass filtered. Texture profiles measured with sample intervals less than pr equal to
5 mm can still have aliasing but the effect on the megatexture result is not significant. When the sample interval is
greater than 5 mm, the error caused by aliasing becomes significant.

If the measured profile is used also for determining macrotexture according to ISO 13473-1, then the
maximum sampling interval shall meet the requirements in ISO 13473-1.

© IS0 2025 - All rights reserved
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7 Data processing

7.1 General

The measurements and calculations shall comprise the following operations:

a) eliminate the effect of drop-outs;

b) eliminate the effect of spikes;

c¢) resampling to a certain spatial resolution;

d) appli

ation of the megatexture digital filters to the part of the profile which will be us

d for the

calcu

e) calcu

7.2 Pre

Care shal
occur dug
invalid p3

As illustr
preceded
value. Lin|

With regg
Formula

When thd

ation of the RMS),, value(s);

ation of the RMSy;, value RMS),, ; of part i of the profile with calculation length [.

processing: drop-out rate and validity of measurements

to surface photometric properties or shadowing of light in deep(Surface troughs. In
rt of the profile shall be replaced with interpolated data from the fiearest valid points.

hted in Figure 4, several drop-outs can occur in succession: When a series of invalid {
and followed by valid samples, each of the invalid samples‘shall be replaced by an int
ear interpolation shall be used.

rd to linear interpolation, the invalid samples are replaced by an interpolated value z; ac

1):

is the sample numbers where the'value is invalid;

is the sample number of thehearest valid value before i;
is the sample number,of the nearest valid value after i;
is the interpolatedvalue for sample i;

is the valuelef-sample m;

is the valde of sample n.

invalid sample(s) constitute(s) the beginning or the end of a sampled profile, the invali

be taken to eliminate invalid readings from the profile. For example,invalid measurements can

Stead, the

amples is
erpolated

rording to

1)

l samples

shall ber

bplaced by the value of the nearest valid sample. This method of extrapolation shall be

limited to

a maximum length at either side of the sampled profile data series equal to 5 times the sampling interval. If
there are more invalid samples than 5 times the sampling interval in the beginning or the end of a sampled
profile the affected RMSy,, value(s) should be discarded.

An illustration of the application of the above procedure is shown in Figure 4.

For the study of road surface singularities (like joints), such singularities can be intentionally included in the
analysis, on condition that no drop-out readings of the sensor occur.
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NOTE

NOTE
interpolat
extrapolat

The meag
following

— calcu
other]

Drop-outs are illustrated by unfilled symbols.

Figure 4 — Illustration of interpolation and extrapolation of drop-outs

In the case illustrated in Figure 4, there are three intermediate consecutive drop-outs, which gre linearly

bd between the samples at positions m and n, and one extreme drop-out at thé’end of the profill
ed from the preceding sample.

urement on a particular pavement profile is considered valid only-if the drop-out rate
criterion[13l:

ation lengths with loss of data due to drop-out less or equalto 10 % (of the total number of]
wise RMS);, for the calculation length shall be discarded:

7.3 Spike identification and reshaping the profile

The spike

removal procedure shall be as described in.Annex A. Spike removal shall be performe|

segment Yo be valid, the removed spikes should not ¢orrespond to more than 5 % per calculation 1

7.4 Res

This requ
sampling
speed, ca
resampliry
resampliy

ampling to a certain spatial resolution

irement is applicable to the majority of profilometer systems, particularly those p
on a time basis (constant sample time interval) which, because of variations in mea
h result in a profile with variable spatial resolution (non-constant sample distance intery
g step may not be required if the measurement system samples on a distance basis, or i
g process is performed within the measurement system.

The resarIlpling is done by ealculating the arithmetic average of all original samples that fall ¥

sample i
the spatig

NOTE 1

calculation).

erval. CalculateyRMS),, using a 5 mm sampled or resampled profile. All texture profile §
1 domain aboye 0 mm up to and including 5 mm are averaged.

For examiple, if a profile has a sampling interval larger than 5 mm, then it is not suitable for

NOTE 2

e, which is

meets the

samples),

d. For the
ngth.

erforming
surement
bals). This
Fa similar

yithin the
amples in

an RMSy.

UsSing the average of all original samples that fall within the new interval is a form of low-pa

s filtering

which reduces the error due to aliasing.

7.5 Filtering of the profile

Low-pass and high-pass filtering shall be made in order to exclude the contributions from the evenness
and the macrotexture range respectively. The filter shall be of the Butterworth type 2"d order, applied in
forward-reverse application and shall result in a cut-off wavelength of approximately 56,2 mm and 562 mm,
respectively, when applied in both directions. The appropriate filters and technique are described in

Annex D.

Ideally, a “run in” and a “run out” section of 1 m each is available before and after the section to be computed.
If there are no data available before and after this section to be computed, one should extend the signal by
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mirroring the first and the last segments before filtering. In any case, a large offset should be avoided and
therefore the regression line should be subtracted from the profile. The mandatory procedure for this shall
be as provided in Annex G.

7.6 Calculation of RMS);,

The filtered profile is used to calculate RMS);.. RMS,; shall be calculated according to Formula in 3.3.5 based
on data at the calculation length (1 m).

7.7 Averaging

When RMS,,  at the calculation length are to be averaged, root mean square shall be used to create a

represent

section(s)
RMSN

where

n
RMS,

RMS\

7.8 Longitudinal standard deviation

The long
megatext

RMSy., fof all the calculation lengths within the*evaluation length given by Formula (3):

ORMS

where

n

RMSy,;  is the RMS),, i-th calculation length (see 3.3.2);

RMSNe isithe RMS),;. mean of RMS);, values of all the calculation lengths.

ative value for a longer connected section or for repeated measurements of one.(
see Formula (2).

{z " RMSZ,

_ i=1 ’

le =\
n

the number of samples (calculation lengths) within the evaluation length;
is the RMS of an individual calculation length (see 3:3:2);

e,i

e is the RMS);, mean of RMS);, values of all the caleulation lengths.

ire wavelength range. The longitudinal standard deviation, opygy.s is the standard de

\/Z:l:l(RMSMeJ. —RMSwe )t
Me =

n-1

is the number-of samples (calculation lengths) within the evaluation length;

7.9 Sin

r several

(2)

tudinal standard deviation may be useful’;as a measure of homogeneity of a surfgce in the

viation of

(3

Fularities

A singularity is a roughness feature of the surface that does not repeat itself from one evaluation length to
another within a 100 m section. Examples of singularities are:

a) potholes, if not repeated or continued over a distance longer than 10 m;

b) sunken manholes;

c) bridge joints;

d) damaged joints between concrete slabs (although the joints themselves are usually repeated regularly

and s

hall not be considered as singularities);

e) severe loss of chippings at a single place;
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f) level changes on a pavement where a section has been ground away temporarily or between two types
of wearing courses;

g) markings at pedestrian crossings;

h) depressions due to mechanical damage to the pavement.

To represent the RMS),, value of a singularity, process the measured profile as follows:

Calculate the RMS);, over a 1 m evaluation length within which the singularity is located and use this level as
a typical value representing the singularity. The symbol for this threshold is RMS,,.

'y 'y a y -
8 Meagturementuncet tamty

The meagurement procedure described in this document is influenced by several factofs, that lead to
variation|in the results observed for the same subject. The source and nature of these perturbatiops are not

fully knoyn. The measurement uncertainty shall be determined in accordance with Reference [14].

According to Reference [14] each significant source of uncertainty shall be identifiedSources of urjcertainty
are identiffied and shall be processed according to the procedure described in Reference [14]. For the case of

megatextlire measurements, at least the following uncertainty categories sho(ld be determined:

a) instrfimentation uncertainty;

b) unceftainty due to operational variations;

¢) unceftainty due to external disturbances;

d) uncejtainty to signal processing and calculation.

A more d¢tailed analysis of the uncertainty contributions 6n a measurement of the RMSy,,. of a road section
is shown |n Table 1. Note that the uncertainties are expressed as standard deviation.

NOTE The lists of uncertainty categories and unceptainty contributions suggested here are not exhausftive.

Table ] — Template of an uncertainty-analysis for an RMS);, value measurement according to the
measurement procedure outlined in this standard

Uncertajnt Probabilit Uncertainty
Y | Source of uncertainty on RMS,,, | Estimand ronaniity contribution Sybclause
category distribution o u
i Ui
1 Measurement.equipment 4.1
1 Environmental influences on the 51
equipment =
2 Variation of the calculation length 3.3.3
2 Variation of the start and stop 3.3.3
position of the calculation length E—
Vertical motion of the measure-
2 ; 6.2
ment vehicle
2 Variations in measuring speed 6.4
3 Environmental influences on the 51
measurement =
4 Drop out correction 7.2
4 Spike removal 7.3
4 Megatexture filter imperfections 7.5
Combined uncertainty u,
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The value of these uncertainty contributions shall be evaluated by the procedure given in Reference [14].
It can be based on existing statistical data, analysis of tolerances stated in this document and engineering
judgment. The information needed from which to derive the overall uncertainty is given in Table 1. Table C.1
is a copy of Table 1 but includes some typical values.

NOTE1 The estimand is the average deviation by a given uncertainty contribution.

NOTE2 ¢ is the sensitivity coefficient reflecting the relative weight of each uncertainty contribution, but in this
application all ¢; equal 1.

NOTE 3  The contribution “Environmental influences on the equipment” deals with external factors influencing the
functioning of the equipment (e.g. a high temperature causing a higher electronic noise of the laser sensor) whereas
the contribution “Environmental influences on the measurement” covers external influences potentially disturbing
the measufement resuit.

Consecutjve measurements with the same equipment over the same test section can yield, significantly
different [results, due to lateral inhomogeneity of the texture over the calculation length, but this is
not considered as an uncertainty contribution. But it is recommended to take special care gbout this
phenomenon: typically, the effect is negligible for young asphalt surfaces without dny’trace of Wear, post
compactipn in the wheel traces or pollution. Worn or post compacted asphalt surfaces or concrete pavement
- even nepv - can show a very high transversal inhomogeneity and can potentially.jeopardize the feliability
of texturg measurements. In case of doubt about the transversal homogenejty, repeated measurements are
recommehded, yielding a more robust result by averaging and an estimate for'the uncertainty on the result.

The combiined standard uncertainty u_ is calculated with Formula (4):

10

Uc :VZ(Ciui )’ (4)
i=1

where c; 4; is the sensitivity coefficient times the uncertainty contribution.

The expaphded uncertainty U is determined by multiplyying the combined standard uncertainty u} with the
appropridte coverage factor for the chosen coverage probability as described in Reference [14].

Annex C provides a detailed listing of the standard uncertainties and sensitivity coefficients of eagh source,
as well ag typical values for a surface givinig-an RMS);, value of around 0,5 mm and based on an gvaluation
length of L00 m. Using these values, the uncertainty budget analysis results in a standard uncertainty in the
RMSy. vajue of 0,04 mm.

Table 2 is|a template presenting the expanded uncertainty and coverage probability in the case ywhere the
method if applied and individual source uncertainties are consistent with Table C.1.

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

Coverage probability Expanded uncertainty, U
% mm
95

See Annex Cforamexampie of a quantitative anatysis.

9 Safety considerations during measurements

WARNING — This document can involve hazardous operations when measurements are made
on trafficked pavements. The personnel and the vehicles present on the measuring site shall be
equipped with safety or warning devices in accordance with the local regulations in force for work
in the traffic flow (if any) on that specific site and at that particular time. 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 to establish appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use.
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10 Test report

Present the results in a form comprising at least the following items.

NOTE Some of the reporting fields are optional.
a) references:
1) identification of the organization carrying out the test,
2) description and identification of the measuring system,
3) name of the organization requesting the tests (optional),
4) icllentification of the measuring team (optional),
5) date at which the measuring device was checked and/or calibrated by an authorizéd agen
ak the name of the organization that performed this service;
6) alreference to this document, i.e. [ISO 13473-5:2025;
7) apny deviations from the procedure;
b) ident|fication of the site:

d)

1)
2)

3)

4)
5)

test sjurface description:

1)
2)
3)
4)
5)

specipl characteristics of the test area and the test:

1y
2)

rpad number or street name,

measured section, preferably indicating both beginning/and end (e.g. including coorc
Kiilometre markings),

(@]

ass of road including number of lanes (optional),.a@s well as the history of the site, e.g. t
aving (optional),

so}

lane and driving direction of the measuremeitits,

measured track (e.g. left wheel track, right wheel track or between wheel tracks);

(=1

pe of pavement(s),

aximum aggregate size'and gradation (optional)
(rI'igin of the materials-(optional),

cpndition of thessurface (optional),

plarticular féatures of the paving technique used (optional);

diatesof measurement,

cy as well

inates or

he date of

weather conditions (optional),

3) particular test conditions, e.g. any presence of dirt or other contamination on the pavement

(optional);

presentation of results comprising:

iy
2)
3)

evaluation length and calculation length,
measured RMS;, including the root mean square as well as its standard deviation, agysye,

measurement identification number (optional),
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4) longitudinal location of each measurement (optional),

5) value, RMSy o, of any prominent singularity,

6) histogram of the values obtained on the tested section (optional),
7) expanded measurement uncertainty.

8) any unusual features observed.

Annex B contains an example of test report.
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Annex A
(normative)

Spike removal procedure

A.1 General

As statedft

readings.
such. Thig

Therefore
“suspect”

=2 ct invalid
Nevertheless, this system can make mistakes and sometimes drop-outs are not recognized as
can lead to “phantom” peaks (spikes) in the profile, which can seriously bias the résults

, it is mandatory to apply an a posteriori procedurell2] to a measured texturg-profile fo remove
high and sharp peaks from the profile. The procedure outlined in this afinex is intended to be

inserted in the data processing chain after the handling of the invalid readings as.described in 72; i.e. the

drop-out
spike rem

procedure.

The proc
certain ci
called thd

Consider

for assignling a posteriori the status of invalid reading to thedth data point is given by Formula (A.1)):

|z; =7
where a i
NOTE

The critel
shall be r
direction

Subseque
An examy]

A.2 Example

The proce

Feadings are replaced by values which are interpolated between the closest valid readings before
oval takes place. Spike removal, thus, intends to remove spikes which) “slip through” thg drop-out

edure basically consists of assigning the status of “invalid’, reading to data points which meet
iteria, even if they were not recognized as a drop-out during the measurement. The pgrocedure,
“excessive slope” procedure, is very straightforward:

h profile with amplitude z;, belonging to horizontal position index i and step size Ax. Thq criterion
1|20 Ax (A1)

b a constant factor (a = 3).
It has been found that a = 3 is a good'choicel12][13],

ion (see Formula (A.1)) is checked for all the data points i of the profiles. After this, the procedure
epeated but done in the yeverse direction. The spikes are first identified in forward ard reverse
before replacing them with the interpolated value.

htly, an interpolatiomprocedure according to the drop-out treatment, as described in 7.2, |s applied.
le is demonstrated\in A.2.

dure'is-illustrated with an example; according to Figure A.1, Figure A.2 and Figure A.3.

© IS0 2025 - All rights reserved
17


https://standardsiso.com/api/?name=ab38c8b219349eeb31da69cbe82ad65b

ISO 13473-5:2025(en)

25
20 -
15 -
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Key
X  distarjce, mm
Z  amplifude, mm

Figure A.1 — Measured profile (as illustrated abgve) subject to analysis

30 -

120 X
Key
X Histance, mm
Z JIMpitude, T
o eight points detected as suspect readings
NOTE These points are identified by checking the criterion A.1 in forward and reverse direction.

Figure A.2 — Step 1: result of the spike removal identification procedure
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25
20

15

distnce, mm
amplitude, mm
intgrpolated values between the nearest valid readings

Figure A.3 — Step 2: invalid readings replacedby interpolated values
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Annex B
(informative)

Example of test report and graphical presentations

B.1 Form suitable as a test report

T'he form pmtirefolowim ape TS amrexample o howatestreportcamrbe desiged-{see-Tabte B-23 The user
5 Pds P P 5 ¢ )
of this dogument is allowed to copy this form.

[t is recorhmended that the test report is supplemented with graphical presentations as shown in Figure B.1
and Figurje B.2.

B.2 Graphical presentations

B.2.1 Amplitude versus distance and histogram

For a medsurement representing a certain road test section, it is appropriate to show the measured single
number ipdicators. Figure B.1 shows such a measurement running{over an 1 200 m test section.|Note that
if the tesq section is much longer than 1 km, it is advisable for synchronization purposes to inclyide in the
measurernent data, as well as in the presented diagram, kiloinetre markers made by the megsurement
operator pr by some automatic means. Figure B.2 shows theé same data, but in a histogram, ilJustrating
the frequency of occurrence of each level. The histogram~gives a good overview and the signature of
the evalupted section and it could also be used to compare with recurrent measurements to follow the
degradation of a section.
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0,6 -

05

0,2 -

0,1 -

0 | | | | | |
0 200 400 600 800 1000 1200 X

Key
X  distarjce along test section, in m

Z  RMS,L, in mm

The pavenient was a 10 years old dense asphalt concrete DAC 16,

NOTE Evaluation length was 1 200 m, calculation lengthiwas 10 m.

Figure B.1 — Example of measuredRMS),, values over a test section 1 200 m long
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35%
30% -
25%

20% -

I5%

10 %

5%

0%

-0,05

0,05-0,1
095-1

0,1-015 ————

0,15-0,2

0,3-0,35 —

0,2-0,25
0,25-0,3
0,35-0,4 /
0,4-0,4513
0,45-0,510
0,5-0,55
0,55-0,6 )1
0,6 - 0,65
0,65-0,7
047 - 0,75
0,7550,8
0,8-0,85

0,85-0,9
0,9-0,95

Key
X  RMSy|. megatexture RMS, expressed in mm
Z  frequency of occurrence of observed values of RMSy,,, expresséd in %

Figure|B.2 — Example of histogram of measured’megatexture level, RMS,, for the case shown in
Figure B.1

Table B.1(—Example of megatexture data

Road E854, nortbound, lane 1

Start 58,515 5; 16,345 8
Stop 58,508 6; 16,328 0
Distance from start RMS);, left RMS)y, right

m mm mm
0to 10 0,39 0,28
10.to 20 0,47 0,23
20:to 30 0,41 0,20
30 to 40 0,36 0,18
2070 50 0,33 0,20
50 to 60 0,38 0,17
60 to 70 0,39 0,16
70 to 80 0,26 0,15
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Table B.2 — Measurement of megatexture - Model for test report

Measurem?nt fione by Company X Measurement system RSTXX
(organization)
Client?2 Contractor X
Operator? Mr X Driver? MsY

Approval of measurement
system, issuer and valid
until

Swedish Transport Administration

Valid until 2023-12-31

Identification of Site

)

measurement done

Measureanllehnt g?ject, E854 Reference fyfff\m (coordi- WGS84
road/street nates) -
(Sjgigigigel?;l{;%r:gnt (coor- 58,515 5; 16,345 8 End of measurement 58,508 6; 1(\ VDO
Road typ4g? Highway Pavement date? 2012-06441"
Direction Northbound Lane 1 (slq@q]'ane, far right)
\
i/ilgﬁ%ured track (e.g. left, Left and right wheel track ,\(b
Test surface description
Type|of pavement DAC Max aggregate size 16
Gradationp See attachment A Origin of material? See attachment A
Condition|of the surface? Si((j) I;‘;%? pavement, Paving techniqué? Conventional
Special characteristics of the testarea and the test
Measfirement date 2022-06-28 *Weather condition Sunny, 25[°C
. UM SR o . Debris on road befween
Any distufbance? 1100 kmand 1 200 km, no.\< Any objects on the surface? 1000 km and 1 100 km

Presentation-of results comprising

Evalyation length

1200 km(,~

Calculation length

10 m

Overall mpan RMSy;,

-
0,25 mm . C)
\ *

Overall standard deviation
ORMSMe

0,08 mm

Measurenpent identification
numbera

File nan@54_58.5155;
16.3458;forthb_221102

Number of measurements

3 measurements

. ®t 58,515 5; 16,345 8 Prominent singularit
Longitudipal location? ,@ls distance 0 m in & y 0,36 mm
(RMSMe,Sq)
(diagrams
Histogranm? See attachment B Expanded measurement 0,04 mm

uncertainty

text.

a  Optiorfal properties are marked with *. Fill in or refer to an attachment. Example information/answers is writte

h with grey

B.3 Example of measured values

Table B.3 shows typical examples of measured values on various pavements expressed as RMS);,[16]. Note that
these are just examples. There can be large differences in values measured on similar surfaces at other places.
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Table B.3 — Typical examples of measured values expressed as RMS;,

Average Standard deviation
mm mm
SMA11 0,47 0,14
SMA16 0,58 0,17
DAC11 0,33 0,19
DAC16 0,29 0,16
Thin surface 11 0,59 0,08
Thin surface 16 0,60 0,20
Surfacedressing 1t 0,77 ;20
Surface dressing 16 0,82 0,18
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Annex C

(informative)

Measurement uncertainty

C.1 Example of an elaborated uncertainty analysis

ies are expressed as the standard deviations of a given measure around the estimate
reas the expanded uncertainty multiplies the standard uncertainty with a coveragé fgctor that,
assumption of a normal distribution, equals 1,95 for a coverage probability of 95: %

standard
d average

The expajnded uncertainty rather than the standard uncertainty should be repofited since tle former
provides § better coverage probability; i.e. a “safer” estimate of the uncertainty.
As stated|in clause 8, an uncertainty analysis should be carried out according to the procedure outlined in
Referencd [14] and a canvas for such an analysis was presented. An examplé-of a completed table {s given in
Table C.1.
Table C.1 — Example of an elaborated uncertainty analysis'for an RMS),, value measurement
. Uncertainty
Uncertajnty Source of uncertainty on RMS),.| Estimand I’_rob_abll}ty contribution Subclause
category? e distribution o u
i Uj
mm mm
1 Measurement equipmentb 0 normal 0,02 to 0,03 4.1
1 Env;ronmental influences on the ~0 half normal <0,001 51
equipment¢
2 }/arlatldon of the calculation 0 normal <0,001 333
ength —
Variation of the start and stop
2 position of the calculdtion length® 0 normal 0,019 333
2 Variations in measuring speedf 0 normal <0,001 6.4
2 Vertical motion-gfthe measure- | 54,028 | rectangular | 0,012 t0 0,035 6.2
ment vehicleg
3 EnV1ronmenteLl influences on the ~0 half normal <0,001 51
measurément
4 Drop,out correction! ~0 half normal <0,001 7.2
4 Spike removall ~0 half normal <0,001 7.3
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Table C.1 (continued)

Uncertaint Probabilit Uncertainty
ay Source of uncertainty on RMS,;.| Estimand ronantity contribution Subclause
category distribution o u
i Y
mm mm
4 Megatexture filter imperfectionsk 0 normal 0,005 7.5
Combined uncertainty u, 0,03 to 0,05

a The categories are described in Clause 8.
b The uncertainty contribution originating from the Measurement equipment comprises several sub contributions, such
as the background noise ofthe equlpment the non-linearity and uncertamty coming from an imperfect calibration. From
ISO/PAS 134 lependent on
the quality of the equipment, and the uncertalnty due to non- llnearlty about 0,01 mm. Allow another 0,04-rhm for the
uncertainty on the calibration, and one finds a combined uncertainty contribution for the measurement’ ¢quipment
between (,02 and 0,03 mm. The probability distribution is a combination of several independent ¥ariabl¢s and can
according|to the Central Limit Theorem be approximated by a normal distribution.

¢ Environmental influences on the equipment comprise the influence of temperature and relative’humidity on the func-
tioning of the equipment (e.g. high temperature could lead to an increase of background noise).Jn case properly shielded
and stabiljzed modern equipment is used in the within the environmental limits prescribed)by the manufagturer, this
contributjon is generally negligible, but this shall be checked in the equipment manual/specifications.
d The calcplation length should be precisely determined, hence no significant uncegtajnty contribution to b¢ expected

¢ This confribution is dependent on the longitudinal homogeneity of the pavement\and the precision of thq start and
stop proc¢dure of the measurement. On a quite homogeneous (no visible inhgmogeneities) and a sufficient dalculation
length, th¢ exact start and stop positions are not very critical and this contribuition can be neglected. An annual start/
stop leadgtypical to an uncertainty on the start and stop positions of 1 myto’2 m at 50 km/h but this is in thie case of a
good hompgeneity hence no problem. On a pavement with clear longitudinal inhomogeneities one has to be gware that
this uncerfainty contribution could become significant, especially with a'short calculation length and an impregise start/
stop procgdure. In that case itis advised to use a precise start/stop;procedure, e.g. systems with a photocell #nd reflex.
f Variations in the measurement speed should not lead to anySignificant contribution, provided the speefd remains
within the allowable limits determined by the bandwidth ef the measurement and the sampling is don¢ properly
(should b¢ checked).
g The freqpency (f) of the suspension of modern cars is.always between 1 Hz (a lower frequency would indude car sick-
ness) and # Hz (a higher frequency would cause resohances with car interior parts). The higher the eigenfr¢quency of
the suspension of the test vehicle, the bumpier thetoad and the lower the measurement speed, the higher the influence
of the car body movement on the RMS),,. For f=4Hz, an amplitude of 1 mm and a measurement speed of 10 m/s, the
car body rhovement induces an uncertainty of'about 0,11 mm. A typical value can be considered f = 2 Hz, an pmplitude
of 1 mm apd a measurement speed of 14 /s (50 km/h), yielding an uncertainty of 0,06 mm. The distributjon is con-
sidered to|be rectangular as it dependsgoncar and measurement parameters which have the same likelihood| Note that
the average induced error (the estimaid) is not zero.
h Environmental influences on théymeasurement can be omitted: temperature, air pressure, and wind spged have a
negligible|influence on texturetmeasurement. Moisture on the road can disturb the measurement of an optigal system
by speculdr reflection, but thisyproblem does not occur if the measurements are carried out under dry conditi¢ns, unless
it has beep demonstrated\that the measurement is unsensitive to moisture, complying with 5.1. Disturbanices due to
environmental factors génerally increase the measured RMS);, hence the distribution is considered a one|sided half
normal prjobability distribution. The uncertainty contribution can however be considered as negligible.

I The uncdrtaintiesscaused by the drop-out removal procedure can be neglected in the megatexture range} provided
the requirfementson drop-out rate are observed.
J The uncdrtainties caused by the spike removal procedure can be neglected in the megatexture range, pr¢vided the
requirememnts o dTOpP-OUt TAte are UbSErVEd:

k The uncertainty contribution due to megatexture filter imperfections can be neglected.

C.2 Combined and expanded uncertainty

The sources of uncertainty in Table C.1 are considered to be uncorrelated. Therefore, the estimated combined
standard uncertainty, u,, is given by the square root of the sum of squares of the individual uncertainties
contained in Table C.1.

The individual standard uncertainties should be multiplied by their respective sensitivity coefficients
prior to squaring. However, in this case and as aforesaid, the sensitivity coefficients are all assumed to be
equal to 1; thereby simplifying the equation. The expanded uncertainty, U,,,, for a coverage factor of 1,95,
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corresponding to a coverage probability of 95 % in accordance with the guidelines given inl!4l is given by

Formula (C.1):

Uexp =1,95u, (C.1)
The expanded uncertainty for RMS),, based on the combined standard uncertainties derived from Table C.1
is 0,06 mm up to 0,1 mm.

NOTE The expanded uncertainty obtained in this way is the same as the 95 % confidence interval (single-sided)
provided the values are normally distributed. For detailed explanations, see Reference [14]. For a summary refer to
ISO 16063-1:1998, Annex A.

The uncertainty—val an-be-d s asH 3 :
which is @ised. However, in cases where these data are not available, the values given in Tablé<€|1 may be
used for temporary guidance.

The folloying advice for performing uncertainty studies can be useful: the values of the_above mentioned
standard [uncertainties (per each type) should preferably be evaluated for actual.pavameter vplues and
conditionf that apply to a specific measurement and analysis case. This evaluationmay be done by fexecuting
comparatfive measurements and analyses of representative or typical pavement sections for differgnt values
of one of fhe parameters influencing the uncertainty, while all other parametersremain unchange.
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Annex D
(informative)

Megatexture digital filters

A digital filter can easily be implemented by a recursive relationship. For a 274 order Butterworth high-pass

filter, the

recursive equation has the following form:

yi=(

where 4,
the biling
previous

A 2nd ord
701 mm S
the rever}
(half pow
filter, i.e.,

For a 2nd

yi=(

Also, a 21
applied ty
(once fory

The final
63 mm to

The form
should us
and nece
Table D.1.

Due to fil
for filter i
in length,
the RMS),
by mirroj
be includ
RMSy. va

o} . AN A, i il
-2 ~4i-1 TA)T 0 T2 TR -1

A; and A, are coefficients that are determined by the cut-off and the sampling ffeguen
ar transform method. Formula (D.1) is recursive because the filtered outptty (y;) dg
nputs (x;;) and previous outputs (y;).

br Butterworth high-pass filter, Formula (D.1), with cut-off wavelength (half power wave

e direction. After applying the filter twice (once forward and onceteverse), the cut-off wj
er wavelength) is approximately 562 mm and the stop band slope will resemble that of 3
it will have a slope around 24 dB/octave.

brder, Butterworth, low-pass filter, the recursive equationis
N o +2X;_1+X;) /Ay +A1Yi 2 +Aryiq
d order Butterworth low-pass filter, Formula {D:2), with cut-off wavelength of 45,1 my

vice; in the forward direction and then inthe reverse direction. After applying the fi
vard and once reverse), the cut-off wavelength is approximately 56,2 mm.

resulting wavelength range of 56,2(t0 562 mm encompasses the one-third-octave bz
500 mm centre wavelengths, which-¢orresponds to the megatexture range (see 3.2.3).

e double precision (8 byte)floating point format to insure exact filter performance. The c¢
bsary filter parameters~depend on the sampling interval and some examples are pre
They were calculated-using LabVIEWTMD, All digits after the decimals should be used.

er initializationeffetts, the start and end of the filtered profile is expected to be invalid

(D.1)

Cies using
pends on

length) of

hall be applied to the profile twice; the first time in the forward digection and the secopd time in

pvelength
4th order

(D.2)

h shall be
ter twice

nds from

h1lae can be implemented easily in a spreadsheet or a programming language. The implementation

efficients
sented in

. To allow

hitialization, theyunfiltered profile shall have a lead-in and lead-out segment, a minimum
at the beginiing and end of the profile. The lead-in and lead-out segments shall not be i
. calculations. If lead-in and lead-out segments are not available, then one can extend

pd in ‘the RMS),, calculations. If neither lead-in/out or mirrored segments are availabl

bf 1 meter
cluded in
e profile

ing the-first and last 1-meter segments before filtering. Again, the mirrored segmentq shall not

then the

lues from the first and last calculation lengths are considered invalid and should be left out of

consider

LIUIIL.

1) LabVIEWTM is the trademark of a product supplied by National Instruments Corp. 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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Table D.1 — Filter parameters for 2"d order Butterworth low-pass and high-pass filters in forward-
reverse application, resulting in a cut-off wavelength of approximately 56,2 mm and 562 mm,
respectively, when applied in both directions

ot waleé:e(;gth 4o 4 42
mm mm
Low-pass
0,5 45,1 865,274 463 076 395 -0,906 185 036 941 246 1,901 562 226 294 81
1,0 45,1 226,691 242 838 705 -0,821 172 756 601 034 1,803 527 610 939 87
5,0 45,1 12,480 007 813669 1 -0,375 818 195 845 803 1,055 305 576 004 42
High-pass
0,5 701 1,003 173 987 203 03 -0,993 682 120 807 352 1,993 662099 p62 81
1,0 701 1,006 358 048 777 47 -0,987 404 157 214 090 1,987 324 325 P17 42
5,0 701 1,032 197 196 008 55 -0,938 587 486 191 576 1,986 641 021 p53 74
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Annex E
(informative)

Megatexture reference program code

This refers to testing the calculation procedures in this standard. However, some of the procedures there,
such as resampling and spike removal are also used in other applications. Therefore, part of the context in
this annex may be useful also in ISO 13473-1 and ISO 13473-4.

The purpgse of the annex is to give a program developer of megatexture calculations the possibility to verify
his/her pfogram code. For this purpose, a number of “standard” road surface digital profileshayé Heen made
available.[The profiles, from real measured pavements in service, have been made available’ for tthose who
want to check that their software follows this international standard. Each digital prefile’is available with
calculated reference RMS,,, values for comparing with own calculations from the digital'profiles.
The digitql profiles are measurements conducted on the surfaces listed in Table ExI-
Table E.1
Objeqt Location RMSye Pavement
mm

1 Tjallmo 0,833 921 Surface dressing, 11 mm

2 Katkesuando 0,306 578 Chipseal

3 Huskvarna 0,713 106 Porous asphalt, 16 mm

4 Sturefors 0,512 814 Stone mastic asphalt, 16 mm

5 Gistad 0,338 376 Stone mastic asphalt, remix 16 mm

6 Linghem 0,19%035 Dense asphalt concrete, 11 mm

7 Bestorp 0,626 281 Chipseal

8 NyKkil 0,430 768 Dense asphalt concrete, 11 mm
All eight fest profiles have been resampled to 5 mm, as specified in 7.4. The calculation length i§ 1 000 m.
The profiles can be downloaded from www.erpug.org? (“reference profiles” in the header). The profiles

measured on new asphalt pavements and the porous pavement will have spikes (which will be rare on the
other pavements). For each digital profile the correctly calculated RMS);,, with which the user may compare
the resulf of his/her own galctlations, can be found in Table E.1. Deviations should be less than what can be

justified from uncertainty;€xcluding irrelevant uncertainty contributions, such as from the speed

2) ERPUG European Road Profile Users’ Group —a non-profit organization to serve as a forum for exchanging information
about road condition monitoring in an informal setting.
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