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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
ical standardization.
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Introduction

The purpose of this document is to facilitate the compilation and comparison of measured vertical road
profile data from various sources. It therefore specifies a uniform method of reporting data from one-
track and multiple-track measurements.

It specifies how measurements are to be reported, but not how the measurements are to be made. The
measuring equipment can influence the results of the measurement; therefore certain characteristics
of the measuring system have also to be reported.

Annex A is an example of a report which meets the minimum requirements of this document.

Annek B gives means of approximately characterizing specific road profiles in ordente’[facilitate the
divisipn of road profiles into general classifications. A general classification is also giyen. A|curve fitting
methgd is presented for characterizing spectral data.

Annek C provides general guidance for the use of road profile statistical datafgr simulatiof studies and
for rejated studies such as evaluation of comfort, suspensions and road profilés.

Annek D discusses the processing of the power spectral density (PSD) with the fast Fourier transform
(FFT] technique. A discussion on the statistical precision is also given!

© ISO 2016 - All rights reserved v
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Mechanical vibration — Road surface profiles — Reporting
of measured data

1 Scope

This document specifies a uniform method of reporting measured vertical road profile data for either

one-trackor mn]fip]n-frnrlz measurements

It applies to the reporting of measured vertical profile data taken on roads, streets and hjghways, and
on off-road terrain. It does not apply to rail-track data. Measurement and processing equipment and
methgds are not included.

2 Normative references

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

IEC 61260-1, Electroacoustics — Octave-band and fractional-octave-band filters — Part 1: Specifications

3 Terms and definitions
For the purposes of this document, the terms andidefinitions given in ISO 2041 and the following apply.

ISO apd [EC maintain terminological databases for use in standardization at the following pddresses:

— IEC Electropedia: available at http:/fwww.electropedia.org/

]

$0 Online browsing platform®tavailable at http://www.iso.org/obp

31
spatipl frequency
reciprocal of the wavelefgth

Note 1 to entry: The spatial frequency is expressed in cycles per metre (cycles/m).

3.2
power spectral density
PSD
limitingzmean-square value of a signal per unit frequency bandwidth

Note 1 to entry: For a one-sided spectrum, the area located between the graphic plot and the horizontal axis in a
linear plot should be equal to the variance o2 of the original signal for the evaluated frequency range. This leads
to a doubling of the spectral amplitude when the calculation process is only estimating the spectrum for positive
frequencies.

3.3
displacement PSD
power spectral density of the vertical road profile displacement

34

velocity PSD

power spectral density of the rate of change of the vertical road profile displacement per unit distance
travelled (slope of the vertical road profile)

© IS0 2016 - All rights reserved 1
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acceleration PSD
power spectral density of the rate of change of the slope of the vertical road profile per unit distance

travelled

3.6

decolouring
procedure to eliminate the influence of the transfer function of the measuring system on the power
spectral density

Note 1 to entry: The raw power spectral density should be decoloured before any further processing by dividing

it by the square of the modulus of the measuring equipment transfer function.

3.7
smoothing
averaging pr
Note 1 to enty
measured dat]

those indicatd
the averaging

4 Symbo
The symbols

pcess in which a data block is shifted and averaged

y: In this document, “unsmoothed PSD” means the power spectral density a§¢alculated frd
n, i.e. with the bandwidths used in or following from the calculations and which are differen
d in Table 2. The term “smoothed PSD” is the power spectral density whiehis obtained afte

process described in 5.1.2.

s

used in this document are given in Table 1.

Table 1 — Symbols

m the
t from
using

Symbol Description Unit
Be Frequency resolution cycles/m
f Time frequency Hz
Ga() Displacement PSD m3
Gy() Velocity PSD m
Ga() AccelerationPSD m-1
G1() PSD of track 1 —
G2() PSDeftrack 2 —
G12() Cross spectrum between tracks 1 and 2 —
I Wheelbase m
n Spatial frequency cycles/m
t Time S
1% Vehicle speed m/s
y2 Coherence function —
o2 Variance
W Angular frequency (= 21f) rad/s
0 Angular spatial frequency (= 2mn) rad/m
NOTE The indication () means that the parameter of the function can be spatial
frequency (n) or angular spatial frequency ().

© ISO 2016 - All rights reserved
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5 Uniform method of reporting

5.1

5.1.1

5.1.1.

One-track data
Description of the road profile

1 General

The road profile shall be described by one or both of the following methods, with preference for the
first, the displacement PSD.

Ther

5.1.1

The 1

The r
axes.

eporting of the non-smoothed data is always required.

2 First method — Displacement PSD: Gg(.)

pad profile shall be described by the power spectral density (PSD) ofits vertical d
eport shall include the displacement PSD versus (angular) spatial frequéency, both o
The dimensions are metres cubed (m3) versus reciprocal metres (€y¢tes/m and rad/

isplacement.

illogarithmic

).

Two qcales shall be given on the ordinate, one for G4(n) and one for G4(£2). Both n and (2 s¢ales shall be
indicated in the abscissa. The grid, however, shall only be drawixfor Ggq(n) and n (see Figure A.2, for
example).

5.1.13 Second method — Acceleration PSD: G,(.)

The afceleration power spectral density (PSD) is an allowed alternative method of reportipg data.

In this case, the road profile shall be described as the PSD of its acceleration in terms ¢f the rate of
change of the slope of the road surface per unit distance travelled. The dimension of thel acceleration
PSD i$ reciprocal metres (m-1).

The sfales shall be logarithmic on both axes. Two scales shall be given on the ordinate, onelfor G,(n) and

one f

for G,

dr G4(€2). On the abscissa, bothn and 2 shall be indicated. The grid, however, shall o}
(n) and n.

hly be drawn

5.1.144 Relationship between the two reporting methods
The relationship between the two reporting methods (see 5.1.1.2 and 5.1.1.3) is given by Formulae (1)
and (£):
Gy(n) = (2)¢™~ Ga(n) (1)
Gy(Q)=104 - Ga(2) (2)

5.1.1.

5 Spatial frequency range

The reported PSD shall be restricted between the limits allowed by the measuring equipment. For the
report, the user may select any spatial frequency range appropriate to his/her particular road surface,
problem and product.

The measured surface depends on the measuring equipment, which has a certain smoothing effect.
This equipment is to be reported (see Note 4 and 5.3.5.2.1).

NOTE1 Figure C.1 gives the relationship between the vehicle speed, the spatial frequency and the time

frequency. Knowledge of the frequency and speed characteristics for a given class of vehicles makes it possible to
choose the useful limits for that class of vehicle (e.g. on-road or off-road vehicles).

© ISO 2016 - All rights reserved
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NOTE 2  For the lower limit, the spatial frequency need not in general be measured lower than 0,01 cycles/m
for on-road vehicles and 0,05 cycles/m for off-road vehicles.

NOTE 3  The enveloping effect of the tyre acts as a low-pass filter for the road vibration input to the vehicle.
This effect depends on the size and construction of the tyre. For general on-road measurements, this results in
a recommended upper limit of 10 cycles/m. Of course for suspension vibration purposes, the interesting upper
limit depends on the maximum allowed speed on the particular road. For noise purposes, the interesting upper
limit may be much higher, and may go as high as 1 000 cycles/m.

NOTE4  Due to the tyre width there is also an enveloping effect in the lateral direction. This means that for
vibration purposes, the mean of the footprint is usually measured. The width depends on the problem (e.g.
vibration, noise) and the product (e.g. motorcycle tyres, truck tyres). For general on-road measurements not
intended for g-specific-product—atrack-ofabout1l00mmwideis-oftenusedforvibration-purpeses—Ees noise

purposes, a p¢int measurement is often used.

NOTES5  For off-road measurements, care needs to be taken when interpreting the high frequenties. Fpr soft
(e.g. sandy) surfaces, short undulations could be flattened by the wheel load and filtered out. Fortard (e.g. stone)
surfaces, howgver, only the enveloping effect of the tyre acts as a filter. In this situation, the surface need$ to be
described accfirately in the data sheet (see 5.3.5.3.2).

NOTE 6  Anjnex B gives recommended methods for the characterization of the road profile and for the fitfing of
the measured|data.

5.1.2 PreI:ntation of the smoothed power spectral density

When the power spectral densities are calculated with a, cohstant bandwidth method, | their
representatipn in a log-log diagram give an appearance or visual impression at high frequencies Wwhich
over-emphagizes the fluctuations of the PSD generated by.the real power distribution and Qhy the
statistical ndise.

For this reagon, the PSD shall also be represented in\a smoothed form, i.e. by the mean PSD In the
following frelquency bands:

— octave hBands from the lowest calculated-frequency (except zero) up to a centre frequency of
0,031 2 ¢ycles/m (0,196 3 rad/m);

— one-thirfl-octave bands from the_last octave band up to a centre frequency of 0,25 cydes/m
(1,570 8frad/m);

— for the r¢st of the frequencyrange, one-twelfth-octave bands up to the highest calculated frequiency.

The centre filequencies to be.used for the calculation of the smoothed PSD are given in Table 2.

Fable 2 — Centre frequencies and cut-off frequencies for PSD smoothing,
expressed in spatial frequency n

Lower cut-off Upper cut-off
Centre frequency
Exponent frequency frequency
n. = 2EXP

EXP " cccles/m Mh

cycles/m y cycles/m

Octave bands

-9 0,001 4 0,002 0 0,002 8
-8 0,002 8 0,0039 0,0055
-7 0,0055 0,007 8 0,0110
-6 0,0110 0,0156 0,0221
-5 0,0221 0,031 2 0,044 2

4 © IS0 2016 - All rights reserved
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Lower cut-off

Centre frequency

Upper cut-off

Exponent frequency frequency
n. = 2EXP
EXP ny ¢ nhp
cycles/m cycles/m cycles/m
One-third-octave bands
-4,333 0,044 2 0,049 6 0,055 7
-4 0,055 7 0,062 5 0,070 2
-3,667 0,070 2 0,078 7 0,088 4
-3,333 0,086 4 0,099 2 0,111 4
-3 0,111 4 0,1250 0,140 3
-2,667 0,140 3 0,157 5 0,176 8
-2,333 0,176 8 0,198 4 0,222y7
-2 0,2227 0,2500 0,280 6
One-twelfth-octave bands
-1,833 0,272 6 0,280 6 0,288 8
-1,750 0,288 8 0,297 3 0,306 0
-1,667 0,306 0 0,315 0 0,324 2
-1,583 0,324 2 0,333.7 0,343 5
-1,500 0,343 5 0,353 6 0,363 9
-1,417 0,363 9 0,374 6 0,385 6
-1,333 0,385 6 0,396 9 0,408 5
-1,250 0,408 5 0,420 4 0,432 8
-1,167 0,432 8 0,445 4 0,4585
-1,083 0,458'5 0,4719 0,485 8
-1 0,485 8 0,5 0,514 7
-0,917 0,514 7 0,529 7 0,545 3
-0,833 0,545 3 0,561 2 0,577 7
-0,750 0,577 7 0,594 6 0,612 0
-0,667Z 0,612 0 0,6300 0,648 4
-0,583 0,648 4 0,667 4 0,687 0
0,500 0,687 0 0,707 1 0,727 8
-0,417 0,727 8 0,749 2 0,7711
-0,333 0,7711 0,793 7 0,817 0
-0,250 0,817 0 0,8409 0,865 5
0167 08655 08909 09170
-0,083 09170 0,9439 09715
0 09715 1 1,0293
0,083 1,029 3 1,059 5 1,0905
0,167 1,090 5 1,1225 1,155 4
0,250 1,155 4 1,189 2 1,224 1
0,333 1,224 1 1,259 9 1,296 8
0,417 1,296 8 1,334 8 1,374 0
0,500 1,374 0 1,414 2 1,455 7
0,583 1,4557 1,498 3 1,542 2
0,667 1,542 2 1,587 4 1,633 9

© ISO 2016 - All rights reserved
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Table 2 (continued)

Lower cut-off Upper cut-off
Exponent frequency Centre frequency frequency
n. = 2EXP
EXP n ¢ np
cycles/m cycles/m cycles/m
0,750 1,6339 1,681 8 1,7311
0,833 1,7311 1,7818 1,834 0
0,917 1,834 0 1,887 7 1,943 1
1 1,943 1 2 2,058 6
1,083 2,058 6 2,1189 2,1810
1,167 2,1810 2,244 9 2,310 7
1,250 2,3107 2,378 4 2,4481
1,333 2,448 1 2,519 8 2,5937
1,417 2,5937 2,669 7 2,747 9
1,500 2,747 9 2,828 4 2,9H3
1,583 29113 2,996 6 3,084 4
1,667 3,084 4 3,174 8 3,267 8
1,750 3,267 8 3,363 6 3,462 1
1,833 3,462 1 3,563 6 3,668 0
1,917 3,6680 3,775 5 3,8861
2 3,8861 4 4,117 2
2,083 4,117 2 4,237 9 4,362 0
2,167 4,362 0 4,489 8 4,621 4
2,250 4,621 4 4,756 8 4,896 2
2,333 4,896 2 5,039 7 5,187 4
2,417 5,187 4 5,339 4 5,495 8
2,500 5,495.8 5,656 9 58226
2,583 5822 6 59932 6,168 8
2,667 6,168 8 6,349 6 6,5357
2,750 6,535 7 6,727 2 6,924 3
2,833 6,924 3 7,127 2 7,336 0
2,917 7,336 0 7,551 0 7,772 3
3 7,772 3 8 8,234 4
NOTE™A small overlap exists between the lowest one-twelfth-octave band and
the Kighest one-third-octave band. This overlap maintains the values 0,5; 1; 2; 4 as
centre frequencies in the one-twelfth-octave bands. This makes it convenient to
catcutate the Toad characterization {see B4 tmmediatety fronr the ome-twetfth=
octave band smoothing.

6 © IS0 2016 - All rights reserved
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The mean PSD in a defined band should be calculated as given by Formula (3):

(r +08) B, =m@](m )+ 52" 6(7)- B +[my )~ (g ~05) B Je(ny)

nh(i) - nl(i)

() is the smoothed PSD in smoothing band i;

(1, (i)

(3

=

The o

The f
the of

If this
The s
The s

A smd
chara

5.2

The multiple-track road profile-data shall be described as the PSD curves of each track as

5.1,a

Whern
taken

The c

)
+0, SJ (nn: see Table 2);

e

n, (i
ﬁ+0’5
B

e

. = INT (n: see Table 2).

ther symbols are as defined in Table 1. INT is the integer function.

rst and the third terms of the right hand side of Formula (3), respectively, calculate
iginal ny, and ny in the calculated smoothing band i.

scheme cannot be followed, due to the calculations,the differences shall be noted in

hme rules shall be followed for analogue computation.

1l and easy supplementary calculation following the processing of the smoothed PSI
cterization of the road profile as described in Annex B.

Multiple-track data

nd their relationship curves expressed as their coherence function [see Formula (4]].
G1y()
61 () : Gz(~)

more thantwo tracks are measured, the most travelled track near the edge of the
as the reference track for the calculation of coherence functions.

D

urve shall be smoothed as described in 5.1.2.

the parts of

the report.

hme rules shall be followed when the smoothing.isto be done in angular spatial freqyiency.

leads to the

described in

(4)

road shall be

5.3

5.3.1

Report

General

The report shall contain one or more curve sheets and general information.

5.3.2

One-track data curve sheet

The curve sheet for one-track data shall contain the non-smoothed PSD and the smoothed PSD. When
the information is given on one sheet, the separate curves should be carefully differentiated.

The PSD curve sheet shall also include the information given in 5.3.4.1.3, 5.3.4.1.4, 5.3.4.1.5, 5.3.5.3.1
and 5

.3.5.3.2.
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It is also recommended to indicate on the data sheet the road profile characterization described in
Annex B, i.e. the general and octave-band characterization of the road and the fitted PSD (see Figures A.3
and A.5 for examples).

5.3.3 Multiple-track data curve sheet

For multiple-track data, the sheets of each PSD shall be reported as described in 5.3.2, together with
a similar curve sheet for their coherence function. This sheet shall contain the smoothed coherence

curve. The track width shall be indicated on this sheet.

When the information is given on one sheet, the separate curves should be carefully differentiated.

5.3.4 Para

5.3.4.1 For

5.3.4.11 T

5.3.4.1.2 P

and type of filter (e.g. Butterworth). In the case of the digital analysis, this includes the anti-aliasing

5.3.4.1.3 T

to state the pjroportion octave bandwidth only.

5.3.4.14 T

In order to g
resolution of

In some case
the study of §
statistical pr

5.3.4.1.5 T
bandwidth a
precision sha
shall be state

5.3.4.2 Foy
specified in 3

5.3.4.2.1 T

meters of analysis
all forms of spatial analysis, the following information shall be reported.
he analysis method used, analogue or digital.

re-processing filters shall be reported in terms of cut-off spatial fréquency, slope (dB/o

he resolution bandwidth: in the case of a relative constant bandwidth analysis, it is suff

he real distance travelled of the data, in metres, analysed and reported.

uantify wavelengths of 100 m with a statistical precision of 60 % at a spatial freq
0,01 cycles/m, the distance travelled shall be at least 1 000 m.

5, it may be impossible or perhaps efno interest to reach this limit, e.g. for short roads
pecial forms of surfaces. In this Case, a remark in the report is required. For a discusg
ecision, see Annex D.

nalysis, the statisticalprecision of the narrowest bandwidth shall be reported. The stat
1l be stated as * % &alue, calculated for a 95 % confidence level (i.e. the statistical pre
d as 1,96 times the normalized standard error) on the basis of random error.

analogue spectral analyses, the following information shall be reported, in addition 4
3.4.1.

heclass of bandwidth filters in accordance with IEC 61260-1.

Ctave)
filter.

icient

liency

or for
ion of

he statistical precision of,spectral estimates of the data: in the case of a relative comstant

stical
cision

o that

5.3.4.22 T

he slopes (dB/octave) and type of constant bandwidth filter.

5.3.4.3 For digital spectral analyses, the following information shall be reported, in addition to that
specified in 5.3.4.1.

5.3.4.3.1 The specific method used (such as fast Fourier transform, mean lagged product, continuous
digital filter).

53432 T

53433 T

he sampling spatial frequency.

he sampling window function and correction factor used.
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5.3.4.3.4 The reported resolution bandwidth, if it is different from the analysis bandwidth (e.g. when
frequency smoothing is used).

5.3.5

5.3.5.

5.3.5.

5.3.5.

Test conditions
1 The date of the measurement shall be reported.
2 The instrumentation used shall be reported as follows.

2.1 Short description of the measuring system.

a) M

b) S

= =

(
5.3.5

5.3.5
repor
in the

5.3.5
5.3.5

5.3.5
a sma
speed

5.3.5
paver
poorl

echanical design.
ranning device

in the case of a contacting device (e.g. a wheel): description of the design (e.g. 3
mass, tyre pressure, tyre dimensions, effective diameter, nominal-test load and d
the contact area under nominal test load;

effective measured area, etc.

he capability of the equipment to take into account slope bias and transverse slopg
ng distances and long wavelengths.

2.2 A flowchart showing transducers, telemettyyrecorder, filters, etc.

2.3 The instrumentation and calibration“chain of the measuring system should
ted. Details of the design, the guaranteed transfer function and the accuracy should be
report or in a source reference.

2.4 The cut-off frequencies of any filter used in conjunction with the recording of th
3 The road or terrain deseription shall be reported as follows.

3.1 Definition of“the road: country, road number, location, village, direction ang
1l map. Also, trdffic density [annual average daily traffic (AADT), when possible], ty
and other relevant descriptive information shall be reported.

3.2 Thewroad profile shall be reported with respect to at least the type of surf3
hent, \compacted soil, cobblestone, etc.) and the surface condition (new pavement,
[ malntalned etc) the grade (longltudlnal slope) the Cross- fall (lateral slope) and the

(if an

soft wheel),
imensions of

in the case of a non-contacting device (e.g. a radar system): resolution, dimensions of the

effects over

be carefully

given, either

e data.

, if possible,
pical vehicle

ce (concrete
rutted road,
curve radius

soil should be

reported together w1th a reference ora descrlptlon of the measurement method used (see ISO 22476-1,
ISO 22476-3 and Reference [18]).

5.3.5.3.3 Definition of the measured track: distance from the measured track to the near side of the
road. A sketch of the road, with indication of the tracks reserved for bicycles, parking and traffic is
recommended. All unusual facts should be indicated.

5.3.5.3.4 A photograph of the road shall be included. It shall be taken from a height of 1,4 m
(approximately the height of the eyes of the driver of a passenger car). The photograph shall also show a
two-dimensional scale indication and the position of the measured tracks.
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5.3.5.3.5 If two- or multiple-track data are given, they shall be described as in 5.3.5.3.3. The distance
between the tracks shall also be given.
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Annex A
(informative)

Example of a report

General

ISO 8608:2016(E)

This gnnex contains fictitious data arranged to form an example for two-track reporting

the

The pprts of Figure A.3 and Figure A.5 placed in a double frame are the recominended char

which meets

inimum requirements of this document. However, the measuring system déscripftion and the
photdgraph are omitted.

of theroad profile described in Annex B. They are not required, but recommended.

The f

NOTE

A2

Analy

o8]

rmat of the data sheets is not standardized.

Parameters of analysis

sis (5.3.4.1.1, 5.3.4.3.1): FFT

tterworth: 0,5 cycles/m low-pass

hti-aliasing filter (5.3.4.1.2): 48 dB/octave

Sampling spatial frequency (5.3.4.3.2): 1,4 €ycles/m

Samp,

Corre

A3

Meas

Flow

ction factor (PSD) (5.3.4.3:3):'1,632

Test conditions

ing window function (5.3.4.3.3)*Hanning

iring system (£.8:5.2.1, 5.3.5.2.3,5.3.5.2.4): ..1)

Chart (5.3.5¢2.2), see Figure A.1.

The numbers in parentheses refer to the subclauses in this dgeument.

Measuring
system

—— FMtape —

Anti-aliasing
filter

Digitizing

Analyser

hcterizations

Figure A.1 — Flow chart of the measuring system

1) Detailed description or reference given.

© ISO 2016 - All rights reserved
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A.4 Road description
Road definition (5.3.5.3.1), see Figure A.2:

traffic: AADT, 4 200 vehicles/day

typical vehicle speed: 90 km/h
Road profile (5.3.5.3.2):

concrete pavement, 10 years old

grade: 0%

slope: 0,06 %
no curve

Photograph (5.3.5.3.4): ...2)

A.5 Road|characterization
See Figures A.2 to A.5.

General and pctave characterizations for Figures A.3 and A.5 are given in Table A.1.

Table A.1 — General and octave characterizations

Figure A.3 Figure A.
Centre frequency n | r.m.s. displacement Ga(ne) r.m.s. displacement Ga(ne)
cycles/m m 10-6m3 m 10-6 m3
0,007 B 0,020 5 76157,20 0,0213 81 768,91
0,015 p 0,023 2 48 894,71 0,020 2 36 987,61
0,031 p 0,016 7 12 599,47 0,012 6 7 164,66
0,062 p 0,011 3 2 895,00 0,013 0 382758
0,125 0,007 7 673,55 0,008 5 819,90
0,25 0,0055 172,26 0,004 3 106,68
0,5 0,003 4 32,12 0,0031 26,45
1 0,001 8 4,42 0,0017 4,21
2 0,001 4 1,46 0,001 2 1,08
0,011 cycles/m < n < 2,83 cycles/m; linear fitting
General r.m.s. displacement = 0,038 4 m; r.m.s. displacement = 0,035 9 m;
characterizatlion rm.s-velocity =00337m/s;w=2 16 rm.s-velocity = 0030 1 m/s;w=222;
G4(0,1 cycles/m) =892 x 10-6 m3 G4(0,1 cycles/m) =830 x 10-6 m3

2) Omitted in this example.
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100 10 1 01 2
I I I I
Ga(2)4Gy(n)
1
10! i
, 10!
10 L N
103 | i
-3
w0t b !
10*
10° | I
10° i, Th
10 I
10°®
107 i
107
108 i
9 10'8 1 1 1 1 1 1
107 - 0,01 0,1 1 10 n
] ] ] ]
0,1 1 10 100 @
Key
A wavelength, m n  spatial frequency, cycles/m
Ga(n),|Ga(©2) displacément power spectral density, m3 2 angular spatial frequency, rad/m
NOTE Countfy: Belgium; Road: N 1000; Place: Xstad; Direction: north to south; Surface: concrete pavement;
Distarjce of track to right road side: 1 m; Distance travelled: 3 571 m; Be = 0,002 8 cycles/m; & = 0/|31; Statistical
precision: +61 %.

Figure A.2 — Non-smoothed PSD of track 1
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100 10 1 01 2
I I I I
Ga(2) 4 Gq(n)
1
107"
10
102 LN
16
103 i
-3
ot b 10 )
10*
107 i
107
10 |- I \
10-6 \
107 - I \
107
108 |- i
5 10'8 1 1 1 1 1 1
107 - 0,01 0,1 1 10 n
] | | |
0,1 1 10 100 Q@
Key
A wavelength, m n  spatial frequency, cycles/m

Ga(n), Ga(2) |displacementpower spectral density, m3 Q angular spatial frequency, rad/m

NOTE 1 Copintry: Belgium; Road: N 1000; Place: Xstad; Direction: north to south; Surface: concrete pavément;
Distance of trick to\right road side: 1 m; Distance travelled: 3 571 m; Be = 0,005 5 cycles/m; & = 0,23; Statfistical
precision: +44 %,

NOTE 2  For the octave characterization, see Table A.1; see also Annex B.

Figure A.3 — Smoothed PSD of track 1
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100 10 1 01 2
I I I I
Gq(2)4Gy(n)
1
101 i
10!
102 LN
o N\
103 i
103
10* - i
10
10° i
10°
10° i
10°®
107 i
107
108 i
9 10‘8 1 1 1 1 1 1
107 - 0,01 0,1 1 10 n
] ] ] ]
0,1 1 10 100 @
Key
A wavelength; m n  spatial frequency, cycles/m
Ga(n),|Ga(©2) displacement power spectral density, m3 Q  angular spatial frequency, rad/m
NOTE Countfy: Belgium; Road: N 1000; Place: Xstad; Direction: north to south; Surface: concrete pavement;
Distaijce of track to right road side: 2,4 m; Distance travelled: 3 571 m; Be = 0,002 8 cycles/m; & = 0{31; Statistical
precision: +61 %.

Figure A.4 — Non-smoothed PSD of track 2
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100 10 1 01 2
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Ga(2)4Gy(n)
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107 i
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! | | |
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Key
A wavelength, m n  spatial frequency, cycles/m

Ga(n), Ga(2) |displacementpower spectral density, m3 Q angular spatial frequency, rad/m

NOTE 1 Copintry: Belgium; Road: N 1000; Place: Xstad; Direction: north to south; Surface: concrete pavément;
Distance of trfck to'vight road side: 2,4 m; Distance travelled: 3 571 m; Be = 0,005 5 cycles/m; & = 0,23; Statfistical
precision: +44 %,

NOTE 2  For the octave characterization, see Table A.1; see also Annex B.

Figure A.5 — Smoothed PSD of track 2
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Annex B
(informative)

Road profile characterization and PSD fitting

facilitate the
curve-fitting

,83 cycles/m
its are band
blation to the

B.1 General
This 4nnex gives means of approximately characterizing specific road profiles in order to
divisipn of road profiles into general classifications. A general classification is also given. A
methgd is presented for characterizing spectral data.
B.2 |Symbols
The symbols used in this annex are given in Table B.1.
Table B.1 — Symbols
Symbol Description Unit
n Spatial frequency cycles/m
no Reference spatial frequency(=10,1 cycles/m) cycles/m
Ga() Displacement PSD m3
Ga() Acceleration PSD m-1

w Exponent of fitted'PSD calculated on Gq(.) —

w’ Exponent of fitted PSD calculated on G,(.) —

0 Angular spatial frequency rad/m

Qo Reference angular spatial frequency (= 1 rad/m) rad/m

NOTE The indi€ation () means that the parameter of the function can be spatial
frequency (n) of angular spatial frequency (£2).

B.3 |General characterization of the road profile
The rpot-mean-square (r.m.s.) value between n= 0,011 cycles/m (2= 0,063 rad/m) and n = 2
(Q = 117,77 rad/m), calculated from the displacement PSD, shall be reported. These lim
limitd for the-octave bands to be calculated in 5.1.2 and B.4. These limits were chosen in r
frequency data existing in the literature.
Howeverforotfroad-data;special studiesandlimited distancestravelled thisspatial freq

may be reduced. In that case the

B.4

Ve, TOT O T oat—toto, o peeT

spatial frequency range shall be reported.

Characterization in octave bands

uency range

In order to obtain surveyable and classifiable data, the spectrum should be divided into octave bands
and the r.m.s. values, calculated from the displacement PSD, should be noted for each band. The centre
frequencies are given in Table B.2 for both the spatial frequency n and the angular spatial frequency (.

The characterizations described in B.3 and B.4 can be calculated with a small and easy supplementary
calculation following the processing of the smoothed PSD.

© ISO 2016 - All rights reserved
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B.5 Fitted PSD

The smoothed form of the PSD may be fitted by a straight line on the smoothed data (5.1.2) by the least-
mean-square method in the spatial frequency range 0,011 cycles/m to 2,83 cycles/m. This fitting may
be represented on the general presentation plot. The formula of the fitting shall be reported.

The general form of the fitted PSD is given by Formula (B.1):
Ga(n) = Ga(no) - (n/no)~w (B.1)

or by Formula (B.2):
Ga(2) = a(20) - (2/20)~v (B.2)

where

ng (= 0,1fcycles/m) is the reference spatial frequency;

Qo (=1rpd/m) is the reference angular spatial frequency;

w is the exponent of the fitted PSD.
When the fitfing is calculated on the acceleration PSD the exponentisw”= w - 4.
NOTE In this annex, only a one-straight line fitting is presented. In the literature, a two- or more-straightline

fitting is often used, but then the standardization of a method whichi{guarantees a unique solution is practically
impossible.
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Table B.2 — Centre frequencies and cut-off frequencies for PSD characterization in octave bands

Exponent Lower cut-off Upper cut-off | Centre wavelength
EXP frequency Centre frequency? frequency m
Spatial frequency n, cycles/m
-9 0,001 4 0,002 0 0,002 8 512
-8 0,002 8 0,003 9 0,0055 256
-7 0,0055 0,007 8 0,0110 128
-6 0,011 0 0,015 6 0,022 1 64
-5 00221 00312 0.044.2 32
-4 0,044 2 0,062 5 0,088 4 16
-3 0,088 4 0,125 0,176 8 8
-2 0,176 8 0,25 0,353 6 4
-1 0,353 6 0,5 0,707 1 2
0 0,707 1 1 1,414 2 1
1 1,414 2 2 2,828 4 0,5
2 2,828 4 4 5,6569 0,25
3 5,656 9 8 11,313 7 0,125
Angular spatial frequency (2, rad/m
-6,35 0,008 7 0,012 3 0,017 4 512
-5,35 0,017 4 0,024 5 0,034 7 256
-4,35 0,034 7 0,049 1 0,069 4 128
-3,35 0,069 4 0,098 2 0,1388 64
-2,35 0,1388 0,196 3 0,277 7 32
-1,35 0,277 7 0,3927 0,555 4 16
-0,35 0,555 4 0,785 4 1,1107 8
0,65 1,110 7 1,570 8 2,221 4 4
1,65 2,221 4 3,141 6 4,442 9 2
2,65 4,442 9 6,283 2 8,885 8 1
3,65 8,885 8 12,566 4 17,771 6 0,5
4,65 17,771 6 25,1328 35,5431 0,25
5,65 35,5431 50,265 6 71,086 3 0,125
a  Centre frequency = 2EXP,

© ISO 2016 - All rights reserved
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Annex C
(informative)

General guidance for use of the statistical road profile description

C.1 General

This annex p
and for relat
the exponent

C.2 Symblpols

The symbols

used in this annex are given in Table C.1.

Table C.1 — Symbols

rovides general guidance for the use of road profile statistical data for simulationt
bd studies such as evaluation of comfort, suspensions and road profiles. It is assume
of the fitted PSD is w = 2 so that the velocity PSD is constant.

udies
d that

(n) or angular spatial frequency ().

Symbol Description Unit
f Time frequency Hz
Ga() Displacement PSD m3
Gy() Velocity PSD m
Ga() Acceleration PSD m-1
l Wheelbase m
n Spatial frequency cycles/m
ne Centre spatial frequency'of a frequency band cycles/m
no Reference spatial frequency (= 0,1 cycles/m) cycles/m
R Tyre radius m
T Time constant'of a filter s
At Time déelayfor four-track (two-axle) simulation s
1% Vehijele speed m/s
w Exponent of the fitted PSD calculated on Gq4(.) —
w Angular frequency (= 21f) rad/s
0 Angular spatial frequency (= 2mn) rad/m
Qc Centre angular spatial frequency of a frequency band rad/m
Qg Reference nngnl:\r cp:\h’:ﬂ Frpqnpnry (— 1 rnd,/m) r:\d,/m
NOTE The indication (.) means that the parameter of the function can be spatial frequency

C.3 Relationship between time frequency and spatial frequency

Figure C.1 gives the relationship between the vehicle speed, the spatial frequency and the time
frequency. Knowledge of the resonance frequencies and the speed range for a given class of vehicle
makes it possible to choose the useful limits for that class of vehicle.

20
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The general expression for this relationship is given by Formula (C.1):
f=n-v (C.1)

or by Formula (C.2):

100 10 1 01 2

100 /

10

N
1 /
0,01 01 1 10 n
| | | |
01 1 10 100 @

Key

A wavelength, m n  spatial frequency, cycles/m

t time frequency, Hz Q0  angular spatial frequency, rad/m

Figure C.1 — Relationship between time frequency and spatial frequency
as a function of vehicle speed
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C.4 Velocity PSD

For simulation studies, it is often convenient to use the velocity PSD, in terms of change of the vertical
ordinate of the road surface per unit distance travelled. The relationship between the displacement
PSD Gq4(n) and the velocity PSD Gy(n) is given by Formulae (C.3) and (C.4):

Gv(n) = Ga(n) - (2mn)? (C.3)

Gv(Q) = Ga() - 22 (C.4)
When in FormafEe53

Ga(n) = G(no) - (n/no)~w (C.5)

the exponen
Formulae (C.

F of the fitted PSD is w = 2 (see Annex B), then the velocity PSD is constant, as giy
) and (C.7):

en by

Gy(n) = GY,(no) = constant (C.6)
Gv(2) = Qv(20) = constant (C.7)
C.5 Classification of roads
An estimate [of the degree of roughness of the road can beimrade by the G4(ng) value of the fitted PSD

(see B.5). Tal
class limits 3
velocity PSD

However, du
power spect

ple C.2 gives the power spectral densities for, different classes of roads. In Figure C.
re graphed on the displacement PSD. This\classification is made by assuming a con
which means w = 2 (see C.4).

e to the fact that the PSD is not always a straight line, more information is given
ral density or the r.m.s. displacemeént in the different octave bands. This makes it po

to classify the road for every octave band.in'an appropriate class. It can give some information f

repair need

ind method. It is also possible to classify the road for an appropriate band of speed

2, the
stant-

y the
ssible
br the
s. For

example, for highways, when assumingthat the velocities are between 70 km/h and 120 km/h, thg band
between 0,022 1 cycles/m (0,138 8 5ad/m) and 1,414 2 cycles/m (8,885 8 rad/m) is the most significant.
Table C.3 giVles the mean valtes and limits of Gq(nc) and G4(£2¢) for the different classes of road |n the
different octpve bands.
Table C.4 gives the meal values and limits of r.m.s. displacement for the different classes of road fin the
different octpve bands:
The relationghipsgiven in Formulae (C.8), (C.9) and (C.10) are used:
Gd(no) = 2mG4(Qo) + [Q0/(2mne)]2 = 16 Gd(L20) (C.8)
Gy(n) = Ga(no) - (21no)? (C.9)
Gy(Q) = Ga(Qo) - 2 (C.10)

NOTE

The word “limit” as used in this annex refers to the mathematical meaning of the word in connection

with the word “mean”. In other words, a range of values has a mean value and limits which denote the extremes
of the range of values. The word “limit”, as used in this annex, is not to be construed to mean the limit of
acceptability of a road surface.

22
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Figure C.2 — Classification of roads, classes A to H

C.6 General guidance for road simulation

C.6.1 General

The statistical road profile description can be used for computer and laboratory road simulation.
However, it may only be used for the determination of output PSDs. Because no information is given
about phase shift, there is no guarantee as to the magnitude distribution of the road profile.

C.6.2 One-track (one-axle) simulation

For simulation purposes, it is convenient to describe the road profile as a constant-velocity PSD (w = 2,

see C.4).

© IS0 2016 - All rights reserved
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The advantage of this description is a very easy simulation of the displacement by integrating white noise.
The use of any other characteristic can require much effort and, due to the approximation methods to be
applied, can result in inaccuracies which cause an unvoidable dispersion in the results of comparison
tests. Account should be taken of the influence of the transfer function of the reproducing device.

C.6.3 Two-track (one-axle) simulation

In two-track simulation, the two tracks are simulated as in C.6.2. For the relationship between the two
tracks, it is convenient to assume that the road surface possesses the property of isotropy, i.e. that all
profiles of a given stretch of road, irrespective of orientation and location, have the same properties,
and to accept the coherence function resulting from this assumption.

C.6.4 Twof or multiple-axle track simulation

In two- or multiple-axle track simulation, the front tracks are simulated in accordance with C.6.8. For
the following wheels, it could be assumed that each rear wheel travels over the same profile as the
corresponding front wheel. Consequently, the rear wheel experiences, after a certaip’delay, the|same
imposed displacement as the corresponding front wheel.

The delay At in seconds, is given by Formula (C.11):
At=1/v (C.11)

where

[ is th[ corresponding wheelbase, in metres;

v isthe speed of the vehicle, in metres per second.

NOTE Onjunpaved terrain, the passage of the frontaheel can modify the track profile such that the profile
for the following wheel is not necessarily the same as‘the profile for the front wheel.

When simulgtion is to be done by means ofla)hydraulic simulator, the difference in vertical stiffness
between a rdlling and a non-rolling tyre should be taken into account. This difference can be reduged by
using an adapted tyre pressure and a special profiled plate between the simulator and tyre.

For compute} simulation, the stiffness’of a rolling tyre should be taken into account.

In order to apoid too large a displacement in the low time frequency range, it is recommended tq limit
the lowest frpquency to a value'related to the lowest frequency of interest.

For the studl of the regetions from pot-holes or other typical road forms, e.g. concrete joints, |these
specific forns can besuperposed on the normal spectrum or studied separately. However, also in this
case, the inflpence-of the enveloping effect of the tyre has to be considered.

For vertical flisplacement magnitudes which are smaller than R/10, a passive low-pass network with
a time constant T = R/(12v) can be used. This expresses that in a pot-hole, the vertical displacement of
the wheel centre reaches 95 % of its nominal value after the distance of R/4, i.e. the time of R/(4v). For
displacement magnitudes greater than R/10, no correction is needed.
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Degree of roughness
Road class
Lower limit | Geometric mean | Upper limit Geometric mean
Spatial frequency units, n
Ga(no)? Gy(n)
10-6 m3 106 m
A — 16 32 6,3
B 32 64 128 25,3
C 128 256 512 101,1
D 512 1024 2048 104,3
E 2048 4094 8192 1617
F 8192 16 384 32768 b 468
G 32768 65536 1314072 25873
H 131072 262 144 — 103 490
Angular spatial frequéncy units,
Gd(Q0) b Gv((2)
10-6 m3 10-6m
A — 1 2 1
B 2 4 8 4
C 8 16 32 16
D 32 64 128 64
E 128 256 512 256
F 512 1024 2048 1024
G 2048 4096 8192 1 096
H 8 192 16 384 — 16 384
a  ng=0,1cycles/m
b 0Qh=1rad/m
NOTE|1 The road classifieation is based on Gg4(ng), Ga(£20), Gv(n) and Gy(2) values.
NOTE|2 The fit exponéntw = 2 is assumed (see B.5 and C.4).
NOTE|3 The meantvalues for road classes A and H are only for simulation purposes.
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Table C.3 — Geometric mean and limits of the displacement PSD
for different classes of roads as a function of octave bands

Spatial frequency units, n

Mean Octave centre spatial frequency, n.
and
Road | limits cycles/m
class | Gq(nc)
1r(r)1_36 0,007 8 0,0156 0,0312 0,062 5 0,125 0,25 0,5 1 2 4
Mean 2-62% 655 64 +1+6 1672 2556 676+ 6716 070+ ,010
A Upper 5243 1311 328 81,9 20,5 5,12 1,28 0,32 0,08 ,020
Lower 5243 1311 328 81,9 20,5 512 1,28 0,32 0;08 ,020
B Mean 10 486 2621 655 163,8 41,0 10,24 2,56 0,64 0,16 ,040
Upper 20972 5243 1311 3277 81,9 20,48 5,12 1,28 0,32 ,080
Lower 20972 5243 1311 3277 81,9 20,48 512 1,28 0,32 ,080
C Mean 41943 10 486 2621 655,4 163,8 40,96 10,24 2,56 0,64 ,160
Upper 83886 20972 5243 1310,7 3277 81,92 20,48 512 1,28 ,320
Lower 83886 20972 5243 1310,7 327,7 81,92 20,48 512 1,28 ,320
D Mean 167 772 41943 10 486 2621,4 655,4 163,84 40,96 10,24 2,56 ,640
Upper 335544 83886 20972 52429 1310,7 327,68 81,92 20,48 512 ,280
Lower 335544 83886 20972 52429 1310,7 327,68 81,92 20,48 512 ,280
E Mean 671089 167772 41943 10485,8 | 2621,4 655,36 163,84 40,96 10,24 ,560
Upper | 1342177 335544 83 886 20971,5 | 52429 1310,72 327,68 81,92 20,48 ,120
Lower | 1342177 335544 83886 20971,5 | 52425 1310,72 327,68 81,92 20,48 ,120
F Mean 2684354 671 089 167 772 41943,0 | 10485,8 | 2621,44 655,36 163,84 40,96 10,240
Upper | 5368709 | 1342177 335544 83886,1 |'20971,5 | 5242,88 1310,72 327,68 81,92 20,480
Lower | 5368709 | 1342177 335544 838861 | 20971,5 | 5242,88 1310,72 327,68 81,92 20,480
G Mean | 10737417 | 2684 354 671089 |167.772,1| 41943,0 | 1048576 | 2621,44 655,36 | 163,84 | 40,960
Upper | 21474834 | 5368709 | 1342177\\335544,3| 83886,1 | 20971,52 | 5242,88 | 1310,72 | 327,68 | §1,920
Lower | 21474834 | 5368709 | 1342(17y" |335544,3| 83886,1 | 20971,52 | 5242,88 | 1310,72 | 327,68 | 81,920
. Mean | 42949668 |10737417 | 2684354 |671088,6|167 772,1| 41943,04 | 10485,76 | 2621,44 | 655,36 | 143,840
NOTE The mdan values for road classes A and\H-are only for simulation purposes.
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Table C.3 — (continued)

ISO 8608:2016(E)

Angular spatial frequency units, 2
Mean Octave centre angular spatial frequency, Q.
and rad/m
Road |limits
class | G4(2¢)
10-6 | 0,0491 | 0,098 2 0,196 3 0,3927 0,785 4 1,570 8 3,141 6 6,283 2 12,566 4 25,1327
m3
Mean 415 104 25,94 6,48 1,621 0,405 0,101 3 0,025 3 0,006 33 0,001 58
A Upper 830 208 51,88 12,97 3,242 0,811 0,202 6 0,050 7 0,012 67 0,003 17
Lower 830 208 51,88 12,97 3,242 0,811 0,202 6 0,0507 0,012 67 0,003 17
B Mean 1660 415 105,75 2594 6,465 1,621 0,405 3 0,101 3 0,023 33 0,006 33
Upper | 3320 830 207,51 51,88 12,969 3,242 0,810 6 0,202 6 0,050 66 0,012 67
Lower | 3320 830 207,51 51,88 12,969 3,242 0,8106 0,202 6 0,050 66 0,012 67
C Mean | 6640 1660 415,01 103,75 25,938 6,485 1,6211 0,40533 0,101 32 0,025 33
Upper | 13280 | 3320 830,02 207,51 51,876 12,969 3,242 3 0,810 6 0,207 64 0,050 66
Lower | 13 280 3320 830,02 207,51 51,876 12,969 3,242 3 0,810 6 0,204 64 0,050 66
D Mean | 26 561 | 6640 1660,05 415,01 103,753 25,938 6,484-6 1,6211 0,404 28 0,101 32
Upper | 53121 | 13280 3320,09 830,02 207,506 51,876 12,969 1 3,242 3 0,814 57 0,202 64
Lower | 53121 | 13280 3320,09 830,02 207,506 51,876 12,969 1 3,242 3 0,810 57 0,202 64
E Mean | 106 243 | 26 561 6 640,18 1660,05 415,012 103,758 25,9382 6,484 6 1,621 14 0,405 28
Upper | 212486 | 53121 | 13 280,37 3320,09 830,023 207,506 51,876 4 12,969 1 3,242 28 0,810 57
Lower|212486| 53121 | 13 280,37 3320,09 830,023 207,506 51,876 4 12,969 1 3,242 28 0,810 57
F Mean | 424 972|106 243 | 26 560,74 6 640,19 1 660,046\ 1 415,012 103,7529 | 25,9382 6,484 56 1,621 14
Upper [ 849944 (212486 | 53121,48 13 280,37 3320093 830,023 207,5058 | 51,8764 | 12,969 11 | 3,242 28
Lower | 849944212486 | 53121,48 13 280,37 3.8320,093 830,023 207,5058 | 51,8764 | 12,969 11 | 3,242 28
o [ Mean| "53% 1424972 106 242,95 | 26560,74C) 6640,186 |1660046| 4150115 | 1037529 | 2593p22 | 648456
Upper 3737959 849944 | 21248591 | 53421,48 | 13 280,371 |3320,092| 830,0230 |2075058| 51,87$45 |12,969 11
Lower 37?,)7959 849944 | 21248591 |-53121,48 | 13 280,371 | 3320,092| 830,0230 | 2075058 | 51,876 45 |12,969 11
H
Mean | 007 | 1000 | 42497481 | 106 242,97 | 26 560,742 | 6 640,184 | 1660,046 0 | 4150116 | 103,752 90 | 25,938 22
NOTE The mean values for road classes A and H are only for simulation purposes.
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ISO 8608:2016(E)

Table C.4 — Geometric mean and limits of the r.m.s. displacement for the roughness
for different classes of roads as a function of octave bands

Spatial frequency units, n

Mean and Octave centre spatial frequency, n.
Road limits in cycles/m
class _ rm.s.
displacement
10-3m 0,007 8 0,016 0,031 0,062 0,125 0,25 0,5 1 2 4
Mean 4 3 2 1,3 1,0 0,7 0,48 0,34 0,24 0,17
A Upper 5 4 3 19 1,3 1,0 0,67 0,48 0,34 0,24
Lower 5 4 3 19 1,3 1,0 0,67 0,48 0,34 0,24
B Mean 8 5 4 2,7 1,9 1,3 0,95 0,67 048 0,34
Upper 11 8 5 3,8 2,7 1,9 1,35 0,95 0367 0,48
Lower 11 8 5 3,8 2,7 19 1,35 0,95 0,67 0,48
C Mean 15 11 8 5,4 3,8 2,7 1,90 1,35 0,95 0,67
Upper 22 15 11 7,6 5,4 3,8 2,69 1,90 1,35 0,95
Lower 22 15 11 7,6 5,4 3,8 2,69 1,90 1,35 0,95
D Mean 30 22 15 10,8 7,6 5,4 3,81 2,69 1,90 1,35
Upper 43 30 22 15,2 10,8 7,6 5,38 3,81 2,69 1,90
Lower 43 30 22 15,2 10,8 7,6 5,38 3,81 2,69 1,90
E Mean 61 43 30 21,5 15,2 10,8 7,61 5,38 3,81 2,69
Upper 86 61 43 30,4 21,5 15,2 10,76 7,61 5,38 3,81
Lower 86 61 43 30,4 215 15,2 10,76 7,61 5,38 3,81
F Mean 122 86 61 43,1 30,4 21,5 15,22 10,76 7,61 5,38
Upper 172 122 86 60,9 43,1 30,4 21,53 15,22 10,76 7,61
Lower] 172 122 86 60,9 43,1 30,4 21,53 15,22 10,76 7,61
G Mean 244 172 122 86,1 60,9 43,1 30,44 21,53 15,22 10,76
Upper 344 244 172 121,8 86,1 60,9 43,05 30,44 21,53 15,22
Lower 344 244 172 121,8 86,1 60,9 43,05 30,44 21,53 15,22
" Mean 487 344 244 172,2 121,8 86,1 60,89 43,05 30,44 21,53
NOTE The meap values for road classes'A"and H are only for simulation purposes.
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Table C.4 (continued)

ISO 8608:2016(E)

Angular spatial frequency units, 2

Mean and

Octave centre angular spatial frequency, Q¢

Road limits in rad/m
class displi;z;esr.nent
10-3 m 0,049 1 0,098 0,196 0,393 0,785 1,571 3,14 6,28 12,57 25,13
Mean 3,8 2,7 1,9 1,34 0,95 0,67 0,47 0,34 0,24 0,17
A Upper 5,4 3,8 2,7 1,90 1,34 0,95 0,67 0,47 0,34 0,24
Lower 5,4 3,8 2,7 1,90 1,34 0,95 0,67 0,47 0,34 0,24
B Mean 7,6 5,4 3,8 2,68 1,90 1,34 0,95 0,67 0,47 0,34
Upper 10,7 7,6 5,4 3,80 2,68 1,90 1,34 0,95 0,67 0,47
Lower 10,7 7,6 5,4 3,80 2,68 1,90 1,34 0,95 0,67 0,47
C Mean 15,2 10,7 7,6 5,37 3,80 2,68 1,90 1,34 0,95 0,67
Upper 21,5 15,2 10,7 7,59 5,37 3,80 2,68 1,90 1,34 0,95
Lower 21,5 15,2 10,7 7,59 5,37 3,80 2,68 1,90 1,34 0,95
D Mean 30,4 21,5 15,2 10,74 7,59 5,37 3,80 2,68 1,90 1,34
Upper 429 30,4 21,5 15,18 10,74 759 5,37 3,80 2,68 1,90
Lower 429 30,4 21,5 15,18 10,74 7,59 5,37 3,80 2,68 1,90
E Mean 60,7 429 30,4 21,47 15,18 10,74 7,59 5,37 3,80 2,68
Upper 859 60,7 429 30,36 21,47 15,18 10,74 7,59 5,37 3,80
Lower 85,9 60,7 429 30,36 21,47 15,18 10,74 7,59 5,37 3,80
F Mean 121,5 85,9 60,7 42,9% 30,36 21,47 15,18 10,74 7,59 5,37
Upper 171,8 121,5 85,9 60,73 42,94 30,36 21,47 15,18 10,74 7,59
Lower 171,8 121,5 85,9 60,73 42,94 30,36 21,47 15,18 10,74 7,59
G Mean 2429 171,8 124,5 85,88 60,73 42,94 30,36 21,47 15,18 10,74
Upper 343,5 2429 $71,8 121,45 85,88 60,73 42,94 30,36 21,47 15,18
Lower 343,5 2429 171,8 121,45 85,88 60,73 42,94 30,36 21,47 15,18
A Mean 485,8 343,5 2429 171,76 121,45 85,88 60,73 42,94 30,36 21,47
NOTE The mean values for road ¢lasses A and H are only for simulation purposes.
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