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Foreword

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

The proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

ISO 17201-1 to ISO 17201-5 (see Clause 2 and References [2] to [5]) relate to the determination or
prediction of environmentally relevant sound immission at receiving locations outside shooting ranges.

There are countries, where the need exists also for knowledge about exposure to sound within a
shooting range at short distances from the sound source, for instance for prediction, evaluation,
assessment, control or comparison purposes.

Various methods and metrics are in use for the determination of exposure to impulsive sounds, and
thegecan be dertved from the Measurement and analysis of the time nistory of sound pregsure at the
locdtions of interest.

Cloge to the muzzle blast or blast of an explosion, the measurement of sound pressure hag particular
featlures to be considered. This document can be applied to both indoor and outdoor shooting ranges
that can contain different elements or usage situations. The method is applicable for locatjons where
perfons may be present at the shooting range, including the shooter and/other persons (such as an
insfructor, supervisor, bystander or observer). The locations of interest include the posifion of the
shopter (and posture and orientation) and the position of other persons‘within the shootingjrange.

Thif document defines how the time history of the sound pressute at locations of interest within a
shopting range, regarding the exposure to impulsive sound of agerson, can be reliably obtaiped.

© IS0 2021 - All rights reserved v


https://standardsiso.com/api/?name=577b9d4fc4a2cbe871121cc263020aa6



https://standardsiso.com/api/?name=577b9d4fc4a2cbe871121cc263020aa6

INTERNATIONAL STANDARD

ISO 17201-6:2021(E)

Acoustics — Noise from shooting ranges —

Part 6:
Sound pressure measurements close to the source for
determining exposure to sound

1 (Scope

This document specifies methods for recording the time history of the sound presstre prodjiced either
by shooting with calibres of less than 20 mm, or by detonation of explosive chiarges of lesg than 50 g
TNT equivalent, within the shooting range at locations of interest, regarding the exposure fo sound of
the[shooter, or any other person within the shooting range. The time history of the sound pyessure can
be tlhe basis for further analyses of this type of sound at the locations ofiinterest.

2 |Normative references

The following documents are referred to in the text in sueh a way that some or all of their content
conptitutes requirements of this document. For dated, references, only the edition cited dpplies. For
undated references, the latest edition of the referenced document (including any amendments) applies.
[SO|{17201-1:2018, Acoustics — Noise from shootingwvanges — Part 1: Determination of muzkle blast by
medsurement

ISO[80000-8, Quantities and units — Part 8: Acoustics

IEC|60942, Electroacoustics — Sound galibrators

IEC|61094-4, Measurement microphones — Part 4: Specifications for working standard microphones

[EC| 61094-6:2004, Measuremeit microphones — Part 6: Electrostatic actuators for determination of
frequency response

IEC|61672-1:2013, Electroacoustics — Sound level meters — Part 1: Specifications

3 |Terms and definitions

For|the purposes of this document, the terms and definitions given in ISO 80000-8 and thg following
applly.

ISOland IEC maintain fprminn]ngirn] databases forusein standardization atthe Fn"nun'ng addresses:
— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.or

3.1

discrete-time sound pressure signal series
sound pressure history with values given for discrete times

Note 1 to entry: In general, this time-series is the result of sampling the recorded sound pressure time-history.

Note 2 to entry: In all applications in this document, equal time spacing is assumed.

© IS0 2021 - All rights reserved
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3.2
sampling

reduction of a continuous-time signal series to a discrete-time signal series

3.3
sample

value at a point in time within a discrete-time signal series

Note 1 to entry: Samples can be in various number formats, typically integer or real.

Note 2 to entry: Scaling and offset information is needed if samples are not stored as sound pressure values.

3.4
sampling
T,

S
time betwsq

nterval

en two adjacent values in a discrete-time signal series

Note 1 to entry: The sampling interval T, is expressed in seconds.

3.5
sampling

S
number of

rate

samples (3.3) per second

Note 1 to entry: The sampling rate f, is expressed in hertz.

1
Note 2 to entry: f, :F.

S

4 Measprement system requirements

4.1 General

This claus¢ specifies instrumentation for measuring impulsive sounds from the sources specifie
he purpose is to enable the ¥eliable and accurate measurement of sound pressure histofries
which can ppe used as input to various\methods for describing impulsive sound characteristics suc
sound expg¢sure level, peak sound pressure level, A-duration, etc. as for example defined in ISO 108411,

the scope.

As this cla
given spec

4.2 Ran
The peak

se specifies the frégquency range and other system requirements, data obtained within
fications can beCempared to other measurement results obtained using this method.

bes of sound pressure levels

ound. pressure level depends, among other things, on the source energy of the blast

the distan

correspondling to a level above 154 dB. The other parts of ISO 17201 series can only be used for so

d in

1 dS

the

and

Ce to it. At close distances to the source, the peak sound pressure can be above 1 kPa,

und

pressure levels below 154 dB, since these parts are concerned with sound propagation. This document
is focused on the measurement of the time history of the sound pressure; therefore no limit on the peak
sound pressure level is set.

4.3 Overall system description

The measurement system shall consist of at least a microphone with a preamplifier and a digital data
acquisition system capable of storing digital signals for later retrieval and processing.

The measurement system including the digital data acquisition system shall meet the requirements for
the limits on frequency response for Class 1 according to IEC 61672-1:2013, 5.5 using Z-weighting.

NOTE For the calculation of quantities specified in IEC 61672-1, also see Annex B.
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4.4 Microphone and preamplifier requirements

The measurements shall be performed with a pressure type microphone meeting the requirements for
a WS3-P or WS2-P microphone as defined in IEC 61094-4. The use of a WS3-P microphone is preferred,
since the influence of the angle of incidence within the frequency range of interest is smaller compared
to a WS2-P microphone.

NOTE1 A microphone of type WS3-P is often named % inch working standard pressure microphone and
WS2-P a %2 inch working standard pressure microphone.

The microphone shall be connected to a cylindrical preamplifier with a diameter not larger than that

oftFerl—ﬁ—n_rW microphone. The microphone and preamplifier combination shall have the capability o measure
peak sound pressure levels in the appropriate range, with

Ly max <Lp o —5dB M
where
Lp’maX is the peak sound pressure level to be measured, expressed in decibels;

Lp oL isthe maximum peak sound pressure level at which thé&microphone and preamplifier com-
bination is not overloaded, expressed in decibels

and Ly, ¢ <L, o —60dB )

whére Lp of is the A-weighted noise floor of the micrgphone and preamplifier combinationf expressed

in decibels.

NOTE 2 The A-weighted noise floor is used because this value is typically specified in micrpphone and
preamplifier data sheets.

A njicrophone and preamplifier combination capable of measuring peak sound pressure levels of at
leadt 165 dB is recommended.

Theg dynamic range of the microphone and preamplifier combination shall be at least 100 dB. The
dyrjamic range is the range firom the highest peak sound pressure level capacity of the micfophone to
the|A-weighted noise floor level of the microphone and preamplifier combination.

The frequency response of the microphone and preamplifier shall be calibrated with an electrostatic
actyiator according ‘€0 IEC 61094-6 in the frequency range from 250 Hz to 20 kHz. This [calibration
sha|l be performed.Jess than 365 days before the measurements. This is defined in IEC 610094-4:2004,
Figlire 2 and Table 2.

NOTE 3 _ ‘The calibration according to [EC 61094-6 is usually performed by the microphone manuffacturer or a
calibration Taboratory.

4.5 Microphone fixture

A fixture with small influences on the measured sound field shall be used for the preamplifier and
microphone to reduce influences of the fixture on the measured sound field.

4.6 Cablelength

The microphone and preamplifier shall be capable of handling the occurring signal rise times. The
signal rise time handling capacity is often determined by the preamplifier and the capacity of the cable
between the preamplifier and data acquisition system. If the cable length is increased, the cable capacity
increases and the signal rise time handling capacity of the system decreases. It is therefore important
to ensure that the signal rise time handling capacity is determined for the actual cable length used in

© IS0 2021 - All rights reserved 3
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the setup. For more information about slew rate limitations and signal rise time handling capacity, see

AnnexA.

NOTE
pressure ha

4.7 Win

ndling capacity is the preamplifier, rather than the microphone.

d screens

In many microphone and preamplifier combinations, the limiting factor for the high peak sound

It is recommended to perform measurements without a windscreen, because windscreens will change
the high frequency content of the signal and may affect the measured peak values.

However, ¢
microphon
the differe
sound ever
is less thar
sound ever
measured

4.8 Dats

The data a
able to sto

least 20 bi{.

The data
component

For freque

The atteny
technical s

4.9 Datg

The recorgled discrete-time sound pressure signal series shall be stored in a digital file for
opnd

:

gnal series, or as a sampled data time-series. In the latter case, calibration factor and offfset

uncompres
pressure s
informatio|
each samp

If sampled
Timing inf

sampling r

4.10 Freqg

bven moderate wind speeds may cause significant wind induced noise signals from
e and it is therefore recommended to check the residual noise during the measurerent
hce between the peak C-weighted sound pressure level during the 3 s before the impul
tand the measured C-weighted peak sound pressure value during the impulsivésound ey

60 dB, the use of a windscreen is recommended. For series of measurements of impul
ts with less than 3 s in between, the level of the residual background nojse only needs t
hnce.

| acquisition system

Cquisition system shall have a sample rate of at least 96 000.samples per second and shal
Fe at least 10 s of continuous data. The resolution of the data acquisition system shall b

hcquisition system shall be equipped with an antialiasing filter attenuating all sig
s above the Nyquist-frequency f /2.

ncies from f, /2 and higher, the attenuationshall be at least 10 dB.

ation of the anti-aliasing filter shall be, verified either by measurement or by using
pecifications provided by the manufacturer.

| storage

the
s. If
Sive
rent
sive
b be

| be
e at

bnal

the

sed or with lossless ¢ompression. It can be stored directly as a discrete-time s

h shall be provided-additionally. In both cases, timing information shall be provided to
e or data point tetime.

data time-sexiés are stored, the WAV-Format may be used, for example.

prmationshall be provided either by giving the time for each data point or by giving
hte and-the time of the first sample.

at,

ink

the

uency-weighting

All data shall be recorded and stored with Z-weighting given in IEC 61672-1.

4.11 Field calibration

The field calibration of the system shall include the response of the microphone, preamplifier, all cables
and the data acquisition system. The calibration shall be performed at either 250 Hz or 1 kHz, at a
minimum sound pressure level of 114 dB, using a sound calibrator Class 1 as defined in IEC 60942. The
calibration shall be performed before the measurements and again after the measurements, not earlier
than two hours before the measurements and not later than two hours after the measurements.
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The calibration before the measurement may include an adjustment of sensitivity parameters. The
calibration after the measurement is a verification of calibration conformance.

The calibration, including differences between first and second calibration, shall be documented, and
this documentation shall be included with the measurement documentation.

5 Measurement setup

5.1 General considerations

Theg measured time history of the sound pressure from a specific weapon or explosivg charge is
inflpenced by the acoustical environment within the specific shooting range. Anyqteflections and
scaftering from the ground, walls or other obstacles as well as effects due to the presence|of persons
areljincluded in the measurement. For a specific weapon the result may also depend'on'the difectivity of
thel|sound radiation from the weapon and the location and posture of the shooter.

The sound pressure at the ears of a person at a location of interest can be very different for the left and
right ear, and is influenced by specific details such as different head shapes and the exact orientation of
the|head. Measurement setups that take all these influences into accéunt typically provide|results for
very individual events.

To ¢nable generic and reproducible measurement results, the méasurements are therefore farried out
without the presence of the person at the location at which the‘exposure to sound is to be determined,
and|the microphone is placed where the centre of the head\ef that person would be.

5.2 Measurement location

To determine the exposure to sound at a location;of interest
— |within a specific shooting range,

— |[for a specific body posture, and

— |for a specific source (firearm or explosive charge),

megsurements are performed with a person at that location being absent, and the microphone placed
where the centre of the head would be.

5.3| Special case:-Weapons fixture

To fletermine thé-&xposure to sound at the location of a shooter discharging a firearm, the shooter
is apsent, and the weapon is placed in a fixture and operated remotely. Only in this specipl case the
megsurement’of shooting sound shall be performed in the absence of the shooter. The miqrophone is
plaged in\the position where the centre of the head of the shooter would be.

e does not

contribute significantly to the recorded discrete-time sound pressure signal series.

5.4 Persons in the shooting range

The presence of persons in the shooting range can influence the exposure to sound at the location of
interest. As an example, if the location of interest is behind the shooter, the head and body of the shooter
is expected to significantly influence the exposure to sound at that location. Another example would be
a person between the blast source and the location of interest.

If the presence of persons in the shooting range is deemed to influence the exposure to sound at the
location of interest, the measurements shall be performed with these persons present. Therefore, if
measurements are performed in regard to a firearm, the shooter is always present if the location of
interest is not the location of the shooter itself.

© IS0 2021 - All rights reserved 5
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5.5 Simultaneous multi-location measurements

Simultaneous measurements are allowed if, for the locations of interest, the presence of a person (other
than the shooter) is not deemed to influence the exposure to sound at these measurement locations. This
means that if the location of a shooter as well as the location of bystanders is of interest, two separate
measurement series should be performed, one without the shooter for this location and a second with
the shooter present but without persons present at the other locations of interest.

5.6 Exception: Absence of persons influencing the exposure to sound

Single andpms a5 Ah misht—when
present, influence the exposure to sound at the measurement locations are allowed, but require\a‘clear
and promihent statement in the documentation.

5.7 Microphone orientation

The microphone shall be mounted vertically, with the diaphragm facing upwards.

NOTE terms of IEC 61672-1, the reference direction is vertical.

5.8 Weather and ambient conditions
There are njo restrictions for weather and ambient conditions. It is reeommended to make measureme¢nts

not likely tp be affected by precipitation and or high wind conditions.

6 Documentation

6.1 General

A general dlescription of the measurement systenr and the layout shall be given together with a Hrief
explanatiop of the purpose of the measuremeut;

6.2 Shoo¢ting range

A schemat]c diagram of the shooting Tange shall be given. The diagram shall include indications fhat
show the firing position of the"weapon or explosive charge and positions of all persons for which
the exposyre of sound is to beydetermined as well all other persons relevant to the measured sound
pressure.

6.3 Abs¢rbing andreflecting elements

For elemernts sugh-as the ground, walls, baffles and barriers which are part of the shooting range, a
descriptiog of the materials thereof shall be documented with a statement as to their sound absorlring
and reflectling’properties

6.4 Sound source documentation

Documentation of the firearm and ammunition or of the explosive charge shall be given as specified in
ISO 17201-1:2018, Clause 4. If projectile sound is measured, physical dimensions and ballistic data of
the projectile shall be documented.

6.5 Location of the primary source of the sound

The position of the sound source shall be clear from the schematic diagram of the shooting range or
given in the text of the report. In the case that measurements are performed in regard to shooting
sound the shooting direction and the height of the muzzle shall be stated. If the elevation of the firearm

6 © IS0 2021 - All rights reserved
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is larger than five degrees or smaller than minus five degrees, the elevation shall also be given in the
report.

The centre of the muzzle blast is generally located at some distance in front of the muzzle. If this location
is known, or there is an estimate for it, such information shall be given in the report.

6.6 Shooter

In the case that measurements are performed in regard to shooting sound, it shall be stated whether
the firearm is operated by a shooter or remotely operated and in a fixture.

The location and posture of the shooter (standing, kneeling, sitting, prone) and the left oricight handed
use|of the firearm shall be documented.

If aweapons fixture is used, it is mandatory that the used fixture be extensively documented.

6.7| Measurement location

Thg measurement location shall be specified. For the microphone, the height of the diaphragm shall be
repprted.

If measurements are taken at several locations at the same time, ‘each measurement locatipn shall be
repprted.

6.8 Weather and ambient conditions

Theg weather and ambient conditions shall be reported-These include at least:
— |temperature;

— |barometric pressure;

— |humidity.

If the measurement is performed outside or inside a partial enclosure of the shooting|range, the
follpwing weather information.shall also be reported:

— |presence and type of ptecipitation;

— |wind speed and direction, including the height at which these values are determined.

7 |Data evaluation and uncertainties

7.1 General

While“this document does not provide an evaluation or assessment of the time history of the sound
pressure, further information on how to use the sound pressure time series iIs given in this clause.

7.2 Evaluating discrete time data

Some evaluation schemes require the calculations of quantities that are given as an integral of a function
of the sound pressure over time. A guideline on how to replace the integral with a sum and how to work
with a discrete sound pressure time series is given in Annex B.

7.3 Frequency-weighting

If A- or C-weighting are applied to the Z-weighted sound pressure time series for evaluation or
assessment of the data, filters as specified in IEC 61672-1:2013, Annex E, shall be used. For further
information on C-weighting in the time domain, see Annex C.

© IS0 2021 - All rights reserved 7
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7.4 Measurement uncertainties

There are several possible sources for the measurement uncertainties that result in an uncertainty
for the measured sound pressure time series for the same measurement setup, i.e. the same sound
source, at the same location within the same shooting range. Possible sources for uncertainties in the
measurement of sound pressure time histories due to the measurement setup and conditions are:

— variations in the source signal;

— background noise;

— uncertgimties Trsemnsitivity amd directiomat depemdency of the micropthone;
— calibrdtion of instrumentation;

— reflectiions and scattering from the microphone fixture;

— variations in wind screens (if used);

— reflectiions and scattering from the weapon fixture (if used);

— reflectiions and scattering from persons nearby the measurement locatien dependent of the gize,
clothing and posture of those persons;

— locatign of microphone, source and bystanders;

— electramagnetic interference;

— changgs in atmospheric conditions;

— shape,|dimension, packaging and positioning (attachinent) of explosive.

For the mepsurement of multiple sound pressure histories of a muzzle blast or blast from an explosion,
variations jn the shape of the sound pressure histories must be expected.

There is np appropriate way to take severakrecordings of impulsive sound, and to form an aveiage
signal. Thq variations between the signals'might just be what is important for the assessment of|the
exposure tp sound. Using some kind of an averaged time history of the sound pressure could result in
errors for uch assessment.

In many cdses, quantities like C-peak, sound exposure level or ARU (auditory risk unit, see Refergnce
[8]) are calculated for the asseSsment. In these cases, the measurement uncertainties for the calculgted
quantities phall be evaluated) preferably in accordance with ISO/IEC Guide 98-3.

8 © IS0 2021 - All rights reserved
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Slew rate limitations for impulse sound measurements

Slew rate llmltatlons 1n the measurement system can prevent the proper measurement of impulsive
: e HOHH : clen e e-qnost often

p

11000

asurement

feamplifier
eamplifier.
P5 m cable

ut signal is
ven by the

ng signals.
Ction going

Fipure A.1.
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p sound pressure, expressed in Pascals

Figure A.1 — Ideal step impulse, 10 000 Pa
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0,1
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Due to the finite frequency range of the microphone, the microphone is not able to respond perfectly to
the step function, but has a certain response time resulting in a signal as indicated in Figure A.2.
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Figure A.2 — Microphone signal with’40 kHz band limiting

For a typidal microphone with a sensitivity of 1,6 mV/Pa, the output signal from the microphone |nto
the preamplifier is as seen in Figure A.3.

U

20
18
16 \
14
12
10

0

-2
-0,2 -0,15 -0,1 -0,05 0 0,05 0,1 0,15 02 t

Key
t time, expressed in milliseconds

U voltage, expressed in volts

Figure A.3 — Microphone output voltage
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The preamplifier has to pass this signal through the cable attached to the A/D converter or analyzer
input. Figure A.4 shows a simple model of this system, with the preamplifier modelled as a voltage
source, Sy, the cable capacitance C, the current, I, generated by the voltage source and the voltage, U,
as measured by the analyzer or A/D converter.

0
S

ut’

L
Key
Sy voltage source
I current

U,/ outputvoltage
C, cable capacitance

Figure A.4 — Simple model of preamplifier eutput and cable capacitance

In grder for the output signal U, to accurately followsthe input signal to the preamplifier, fhe voltage
soufce S; has to charge the capacitance C.. The ©utput current, from the voltage source i, can be
caldqulated according to Formula (A.1):

I=c, du (A1)
de
whére
1 is the current, expressed in amperes;
C, is the capacitance, expressed in farads;
U is the output voltage from voltage source, expressed in volts;
t is the\time, expressed in seconds.

Asspuming the)preamplifier is connected to a 25 m cable with 100 pF/m capacitance, giVling a total
cappcitanceof 2,5 nF, the current can be calculated as shown in Figure A.5.
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t  time, ekpressed in milliseconds
1 currenf, expressed in milliamperes
Figure A.5 — Preamplifier currentto’drive 25 m cable
It can be selen that the maximum currentis around 5 mA-and this is what is required for the preampl{fier
to deliver |n order to reproduce the signal from, the microphone. If the preamplifier can only deljver
for example 2 mA, the signal is slew rate limited. The signal is heavily distorted and it is not posdible
afterwardg to reconstruct the original signallt'is important to note that the distortion is not a liear
filtering prjocess or band limiting effect, but a fully non-linear distortion.
The currer]t capability of a preamplifier:depends on the actual implementation of the preamplifier pnd
the supply[voltage and current to the-preamplifier. Typical preamplifiers can have a maximum oufput
current in the range from 1 mA te 4mA, and it is important not to exceed this capability.
It should also be noted that-the’preamplifier current handling capacitance can be different for posifive
and negatiyve going signalsy-As externally polarized microphones traditionally give a negative voltage
output for|a positive seund pressure input, the preamplifier signal can be an initially negative going
signal and the preamplifier output current is negative.
The results in Figire A.5 are for the specific combination of a microphone with 1,6 mV/Pa sensitiyity
and 40 kH7 bandwidth, a 25 m cable with a capacitance of 100 pF/m and a 10 000 Pa step function input.

A step function is unlikely to occur during practical measurements, but can be used as a worst-case
signal. Practical signals have a finite rise time and therefore the microphone output signal is determined
by either the signal itself or by the microphone bandwidth.

For the microphone, the two important factors are the sensitivity and the bandwidth. If the sensitivity
is increased, the required current increases proportionally. If the sensitivity is 50 mV/Pa instead of
1,6 mV/Pa, the required current in the specific example above with a 10 000 Pa step input goes up 31,25
times from 5 mA to 156 mA.

The voltage change per time unit for the microphone output signal depends on the bandwidth of the
transducer. If the bandwidth of the microphone with 1,6 mV/Pa sensitivity is 20 kHz instead of 40 kHz,
the current goes down to about 2,5 mA instead of the 5 mA, and the requirements for the preamplifier
can be reduced.
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Annex B
(informative)

Calculations with discrete-time data

B.1 General
J—enRelrat

Manmy definitions for calculations of key values like sound exposure are based on. intggrals. For
calqulations with discrete-time sound pressure series, these calculations are replaced ysing sums
insfead of integrals.

Asspme a formula for the continuous time sound pressure signal:

t
F.= ff [p(t)]de (B.1)
t
whére
F, is the result of the integration;
f is some function of the sound pressure signal;

p(t) issound pressure at time t, expressediin Pascals;
ty is the start of the time window, expressed in seconds;

t, is the end of the time windew; expressed in seconds.

For|the discrete-time series, Formula{B.1) is replaced by Formula (B.2):

Fy =Ty Y f(px) (B.2)
kelC
whére
E, is the'result of the summation;
k is\the index for the time-domain;
K is the set of indices k with ¢, <t, <t,;
n icalamant Fintho diccratatima caonnd nracconira cariac avnraccad in Pacenalc:
pr—is-elementkinthe discrete-time soun dpressure seriesexprassedinascals:
T, is the sampling time, expressed in seconds.

B.2 Example: exposure calculation

For example, the sound exposure is calculated as given in Formula (B.3):

)
Epc= J-PZ (6)dt—Ep 4 =T, Y pi” (B.3)
tl kelC

where
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rc Isthe sound exposure calculated from the continuous time signal, expressed in Pascals
square seconds;

E; 4 isthe sound exposure calculated from the discrete time series, expressed in Pascals square
seconds;

k is the index for the time-domain;

K is the set of indices k, with t; <t; <t,;

Dy is element k in the discrete-time sound pressure series, expressed in Pascals:

p(t) | istherecorded sound pressure signal at the time, t, expressed in Pascals;
ty is the start of the time window, expressed in seconds;

t, is the end of the time window, expressed in seconds.
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Annex C
(informative)

Calculating C-weighted time series using a digital filte

General
=enera:

r

b measurements are available as sampled time series. To determine derived quantitieq
ries, for example a C-weighted peak level, there is a need for a C-weighted time séries.
Cribes how such a C-weighted time series can be determined using a digital filtef.

C-weighting characteristic

EC 61672-1:2013, Annex E, the C-weighting characteristic functionds,given by Formula (C

e
C(f)lelg[(f2+f1;)(f2 +f42)J dB=C; 490
Pre
f is the frequency, expressed in hertz;
f is the low frequency pole, expressed in hertz;
14 is the high frequency pole, expressed in hertz;

Ci g0 IS the normalization constant, expressed in decibels.
5 frequency response cane<be realized with a low-pass (LP) and a high-pass (HP)

terworth filter, both applied twice. The low-pass and high-pass Butterworth filters can b¢
he s-domain by:

1
Gop=—""7"
1+7
@4
S.

Gyp =

S+w1

from such
This annex

.1):

€.1)

first order
e described

(C.2)

(C.3)

frequency response of the C-weighting filter can then be described by:

2 2
H (s)=GcGipGiip
wis?

“(s+y) (s+@, )

H¢(s)=G

(C.4)

(C.5)

Formula (C.5) can also be found in the definition for the C-weighting filter in ANSI S1.42[Zl. The
frequencies are given as f; = 20,98997 Hz and f, = 12 194,217 Hz (with w, = 2nf,), and G is the
normalization constant, required to make the frequency response equal to 0 dB at 1 000 Hz. This
normalization constant is defined in IEC 61672-1 as G = 100.062/20 = 0,062 dB. Formula (C.1) can be
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derived from Formula (C.5) by replacing s by iw, w by 2nf and calculating the frequency magnitude
response with Formula (C.6):

C(f)=

101g] He (5)He (s)

C.3 Derivation of the digital filter using the bilinear transform

(C.6)

The analogue filter defined in Formula (C.5) can be transformed to a digital filter using the bilinear
transform. With such a digital filter it is then possible to directly calculate the response y[n] of the

C-weightinfg Tilter on a sampled time signal x[n]. No Fourier-transforms are necessary, all calculatjons
can be petfformed in the time-domain. The digital filter is an IIR filter (having an infinite impflse
response) ¢f the form given in Formula (C.7).
1 N M
n|=+—| » b;x[n—j|- ) a,y|n—-k .7
y[]aoz,[f]z,ky[ ] (£.7)
j=0 k=1
The coeffidients a;, and b]. from Formula (C.7) can be derived from Formula (C.5] by the use of a bilirjear
transform [in which the continous s-domain transfer function of Formula (€:5) is transformed to|the
discrete Z-domain by replacing s in Formula (C.5) by using Formula (C.8):
-1
2|(1-27") A
S= 4\ (£.8)
Ts (1+Z_ )
where
z is the Z-transform (z =e’s*);
T, is the sampling interval, expressed inseconds.
This leads to a formula having the general fgrm of Formula (C.9). Therefore, using the bilinear transfdrm,
the paramg¢ters a;, and b]. can be expressed in terms of w; and w,.
N .
2 '—()bjz_j
H(z)d4——— €9
ZM a,z ¥
k=0 K
There is a however a non<{in€ar relationship between the analogue frequency and the digital frequency.
Therefore,| a last step\ds necessary in which in the relations for the coefficients a, and b] of
Formula ((.7), w,~and @, are replaced by the normalized frequencies a)l and a);l (called frequgncy
warping o1 pre-warping) using:
' / N\
[0) 0,
1 —tan| —= (C.10)
2fs 2fs
where
1, is the cut-off frequency, expressed in hertz;
f is the sampling rate, expressed in hertz.
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