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FOREWORD 

IS0 (the international Organization for Standardization) is a worldwide federation 
of national standards institutes (IS0 member bodies). The work of developing 
International Standards is carried out through IS0 technical committees. Every 
member body interested in a subject for which a technical committee has been set 
up 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. 

Draft International Standards adopted by the technical committees are circulated 
to the member bodies for approval before their acceptance as International 
Standards by the IS0 Council. 

International Standard IS0 3891 was developed by Technical Committee ISO!TC 43, 
Acoustics, and was circulated to the member bodies in June 1975. 

It has been approved by the member bodies of the following countries : 

Australia 
Austria 
Belgium 
Brazil 
Bulgaria 
Canada 
Czechoslovakia 
Denmark 
Finland 
France 

Germany 
Hungary 
India 
Iran 
Ireland 
Israel 
Japan 
Mexico 
Netherlands 
New Zealand 

Norway 
Poland 
Spain 
Sweden 
Switzerland 
Turkey 
United Kingdom 
U.S.A. 

The member body of the following country expressed disapproval of the document 
on technical grounds : 

South Africa, Rep. of 

This International Standard cancels and replaces IS0 Recommendations 
R 507-1970 and ISO/R 1761-1970, of which it constitutes a technical revision, 

0 International Organization for Standardization, 1978 l 
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INTERNATIONAL STANDARD IS0 3891-1978 (E) 

Acoustics - Procedure for describing aircraft noise heard on 
the ground 

1 SCOPE 

This International Standard provides a procedure for 
describing the noise heard on the ground from aircraft 
operations. 

1.1 It provides specifications for the four steps to be 
followed for the purpose of describing the noise from a 
single aircraft operation, namely : 

1) Data acquisition : the method of measurement and 
recording of the noise. 

2) Data processing : the method of determining from 
these data the corresponding values on the appropriate 
noise scale. 

3) Data normalization : the method for correction of 
the measured data to “reference” operational procedures 
and atmospheric conditions. 

4) Data reporting : the method for reporting test 
results, including their statistical signifiance. 

These specifications are given for two levels of 
sophistication of measurement : 

a) Those requiring spectral analysis as a function of 
time, such as for noise certification of aircraft, for which 
a high reproducibility of the normalized results is 
required. 

NOTE - The specifications given under this heading are not to 
be taken as defining the highest possible level of technique. 
Much higher levels are required and are used, for example, during 
the course of research and development work on aircraft noise. 

b) Those requiring only frequency weighting, where 
sophistication of measurement is reduced for the sake 
of simplicity or low cost. 

1.2 It also provides a method for determining a noise- 
exposure measure for a succession of operations in a given 
time-interval. The results may be used for evaluating the 
effects of aircraft noise on people, as for example by the 
methods of ISO/R 1996. 

1.3 Specific purposes for which these methods might be 
used are also discussed, including certification, monitoring 
of noise levels and of noise exposure, and land-use planning. 

2 FIELD OF APPLICATION 

This International Standard is intended to apply quite 
generally to the description of the noise measured from 
all kinds of aircraft operations. 

2.1 Two main operating conditions are distinguished : 

a) aircraft in flight; 

b) aircraft on the ground; 

2.2 Two main applications of the measurements are 
distinguished : 

a) requiring the characterization of single events, such 
as for measurement of the noise from an individual air- 
craft against specified requirements or for monitoring at 
an airport; 

b) requiring the determination of noise exposure for a 
succession of events. 

2.3 Two main conditions under which the noise is heard 
are distinguished : 

a) where the aircraft noise dominates all other kinds of 
noise to such an extent that it is assessed without regard 
to the noise environment existing in the absence of the 
aircraft; 

b) where aircraft noise is .assessed as one amongst all 
the other noises affecting a community, such as from 
road traffic or from industrial premises. 

3 REFERENCES 

LSOIR 1996, Acoustics - Assessment of noise with respect 
to community response. 

IS0 1999, Acoustics - Assessment of occupational noise 
exposure for hearing conservation purposes. 

IEC Publication 179, Precision sound level meters. 

IEC Publication 537, Frequency weighting for the measure- 
ment of aircraft noise (D-weighting). 

IEC Publication 561, Electra-acoustical measuring equip- 
ment for aircraft noise certification. 
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4 MEASUREMENTS REQUIRING SPECTRAL ANALY- 
SIS AS A FUNCTION OF TIME 

4.1 Data acquisition 

To provide the necessary information on the noise 
produced by the aircraft at the observation point, the 
equipment and methods specified in this sub-clause shall 
be used. 

4.1 .I Equipment and calibration 

The microphone shall be placed so that the centre of its 
diaphragm is I,2 m above the mean ground surface. A 
wind-shield shall be used. 

NOTE - For the sake of continuity with procedures described in 
other IS0 documents, a microphone height of 1,2m has been 
retained in this International Standard. 

All measurements shall be carried out so that the diaphragm 
of the microphone is substantially in the plane defined by 
the nominal flight path of the aircraft and the measuring 
point, i.e. at grazing incidence. 

The electro-acoustical measuring chain from microphone 
to tape-recorder (where used) and its calibration shall be 
as specified in I EC Publication 561, 

4.1.2 Test environment 

The idealized test environment is an unobstructed hemi- 
sphere over a flat and totally reflecting ground surface, 
without excessive attenuation from anomalous atmospheric 
conditions and with no background noise. In the actual test 
conditions, the deviations from this idealized environment 
should desirably not cause more than 0,5 dB difference in 
the final result. This requirement demands at least the 
following conditions : 

4.1.2.1 Locations for measuring noise from an aircraft in 
flight shall be surrounded by relatively flat terrain having 
no excessive sound absorption characteristics such as might 
be caused by thick, matted, or tall grass, shrubs, or wooded 
areas. No obstructions which significantly influence the 
sound field from the aircraft shall exist within a conical 
space above the point on the ground vertically below the 
microphone, the cone being defined by an axis normal to 
the ground and by a half-angle of 80’ from this axis. 

NOTES 

1 The requirements for relatively flat terrain having no excessive 
sound absorption characteristics would be met by using a ground 
surface 6 m X6 m of concrete or an equivalent highly reflecting 
material. For measurements directly under the nominal flight path, 
the microphone should.be near the centre of the square. For other 
measurements, the microphone should be positioned so that at 
least 5 m of the reflecting surface is between the aircraft end the 
microphone. Within a radius of 1 m centred on the microphone 
position, the surface should be fiat within f 5 mm; elsewhere within 
the square it should be flat within f 30 mm. Overall, the surface 
should be horizontal within a tolerance of t 3”. 

2 Those people carrying out the measurements could themselves 
constitute such obstructions. 

3 The microphone support should be so designed as to exert mini- 
mum influence on the directivity characteristics of the microphone, 
and not to introduce significant diffraction effects. 

For measuring noise from an aircraft on the ground, the 
ground surface between the microphone and the aircraft 
shall be concrete or an equivalent highly reflecting material, 
No obstructions shall be permitted between the aircraft and 
the measurement position during the measurements of air- 
craft noise. No reflecting surfaces other than the ground 
shall be near enough to the sound path to influence the 
resu I ts. 

4.1.2.2 The atmospheric conditions shall comply with the 
following : 

a) There shall be no precipitation. 

b) At relative humidity less than 20 %, the atmospheric 
temperature shall be not less than 5 ‘C. 

c) The sound attenuation in air as given by the formula 
in clause A.2 of annex A for the l/3 octave band centred 
on 8 kHz shall not be more than 10 dB per 100 m. The 
corresponding restrictions placed on temperature and 
humidity are shown in figure 1. 

NOTE - Temperatures and humidities in the part of figure 1 
below the restricted band should also be avoided if possible, 
since the sound attenuation in air given by the formula has not 
been verified experimentally at these temperatures and 
humidities. 

d) The wind speed at a height of 10 m above the 
ground shall not be greater than 5 m/s (IO knots). 

NOTE - Anomalous atmospheric conditions introducing 
excessive sound attenuation can occur when inversions of normal 
lapse rates for temperature and humidity exist, or when 
temperature and velocity inhomogeneities associated with 
atmospheric turbulence are present, as well as from excessive 
wind and the existence of precipitation. 

4.1.2.3 The background noise shall be recorded before 
and after the tests and analysed in the same way, and 
reported by the same measures, as for the aircraft noise. 
Measurements of aircraft noise shall be considered reliable 
only when the measured maximum noise level of the 
aircraft exceeds these background noise levels by at least 
20 dB. 

NOTE - For the purpose of calculating the overall noise level of the 
aircraft (see, for example, 4.2.2). individual band levels should be 
adjusted to allow for background noise. Due to uncertainties and 
fluctuations which frequently occur with background noise, it is 
not practicable to specify a correction procedure which is valid 
for all cases. 

It is recommended, however, that if the level in any l/3 octave 
band of the aircraft noise does not exceed the background level in 
that frequency bend by en adequate margin, for example 5 dB, that 
frequency band should not be included in the computation of the 
overall noise level of the aircraft. 
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FIGURE 1 - Permissible conditions of temperature and relative humidity in test environment according to4.1.2.2 c) 

4.2 Data processing 

To provide from the measured noise data the values of the 
appropriate noise scale characterizing each noise event 
measured, the equipment and methods specified in this 
sub-clause shall be used. 

4.2.1 Equipment needed to provide spectrum analysis as 
a function of time 

The equipment and its calibration shall be as specified in 
IEC Publication 561. 

NOTE - Equipment with more rapid rate of response should be 
used where detailed information is required on the time-history of 
noises of very short duration. 

4.2.2 Calculation of perceived noise level from measured 
noise data 

4.2.2.1 QUANTITIES AND UNITS 

To obtain from these measurements perceived noise levels, 
LPN, and tone-corrected perceived noise levels, LTPN, of a 
given sound, in decibels, the calculation procedures of this 
sub-clause shall be used. 

NOTES 

1 The designation “PNL” is sometimes used elsewhere as an 
abbreviation for “perceived noise level”, the- unit being designated 
“PNdB”. here “perceived noise level” is designated LPN and the 
unit is the decibel (dBl. 
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Similarly, the designation ‘.‘PNLT” is sometimes used elsewhere 
as an abbreviation for “tone-corrected perceived noise level”, the 
unit being designated “PNdE”: here, “tone-corrected perceived 
noise level” is designated LrPN and the unit is the decibel IdB). 

2 The measurements may also be used to derive values on other 
noise scales such as A-weighted sound pressure level, LA, from the 
spectral analysis, if so desired. 

The calculation procedures give an approximation to the 
perceived noise level as determined by subjective exper- 
iment on a fundamental psycho-acoustical basis, namely 
that perceived noise level of a given sound is numerically 
equal to the sound pressure level of a reference sound that 
is judged by listeners to have the same perceived noisiness 
as the given sound. 

The calculation procedures make use of a unit of perceived 
noisiness, the noy. The numerical value of the calculated 
perceived noisiness of a sound within a given frequency 
band, in noys, is related to the band sound pressure level. 
The relation is given in table 13 and illustrated in figure 2, 
and; the equivalent relationship is noted in table 14 
(annex B). 

NOTE - This calculation procedure may not adequately account 
for the subjective effect of a strongly impulsive characteristic of 
noise such as may be produced by some helicopters. Methods for 
accounting for the subjective effect of impulsive sounds are under 
investigation. 

4.2.2.2 CALCULATION PROCEDURE FOR A BROAD 

BAND NOISE SPECTRUM WITHOUT PRONOUNCED 

IRREGULARITIES 

Perceived noise level is calculated according to the follow- 
ing procedure : 

STEP 1 

The sound pressure level at any time in each l/3 octave 
band from 50 Hz to 10 000 Hz is converted to a perceived 
noisiness, n, by reference to table 13 or the mathematical 
relationship and table 14, by entering table 13 or the 
calculation procedure at the appropriate band centre 
frequency, 

STEP 2 

The noisiness values, II, found in step 1 are combined to 
obtain the total noisiness, N, in noys, by the formula 

N=nmax + 0,15 CSn -nmaxl 

where 

“Ii ax is the greatest values of n; 

En is the sum of the noisiness values in all the bands. 

STEP 3 

N is converted into perceived noise level, LPN, by the use 
oftable 15, annex B, which expresses the following relations 
between N,- in noys, and LPN, in decibels : 

N = 2 (L pN - do)/10 

where 

L PN = 40 + l;;;gl>N 
10 

4.2.2.3 CORRECTION FOR USE WHEN THE NOISE 
SPECTRUM SHOWS PRONOUNCED IRREGULARITIES 

SUCH AS PURE TONES 

Tone-corrected perceived noise level at any instant, LTpN, 
for a sound having tonal components or other pronounced 
irregularities in the spectrum is obtained by adding a 
correction, C, as defined below, to the perceived noise 
level, LPN, determined as described above. (Illustration of 
the following steps is given in annex C.) 

NOTE - If a spectrum irregularity requiring a tone correction is 
identified, it is desirable to determine if it is due to the presence 
of a tone or to spurious effects such as results from ground 
reflections or from the elimination of a frequency band as required 
by 4.1.2.3. The effect of ground reflection may be determined by, 
for example, comparing the spectrum of the noise signal with that 
from a microphone at the same measurement position but mounted 
essentially flush with the ground. If the tone correction is due to 
spurious effects, it should be ignored in the computation of LrPN 

STEP 1 

Compute Di,i where 

i is the l/3 octave band number, and j = i + 1; 

i= 1 corresponds to the band with centre frequency 
of 80 Hz and successive values of i correspond to 
increasing frequency; 

Li is the band sound pressure of the ith frequency band; 

Di,i is the arithmetic difference between the levels Li in 
the frequency bands j and i, 

STEP 2 

Encircle those values of Dj,! where 

lDj,i-Dj- l,i- tI>5dB 

STEP 3 

a) If the encircled Dj,i is positive and algebraically 
greater than Dj _ 1, i _ 1, encircle Lj. 

b) If the encircled Dj,i is zero or negative and 
Dj- 1, i- t is positive, encircle Li. 

STEP 4 

a) For all non-encircled .Li, set Li = Li. 

b) For encircled values of Li, set Lj equal to the 
arithmetic average of Lj - , and Li + ,. 

If the SPL value in the highest frequency band is encircled, 
set L& = L,, + D,, , 20. 

STEP 5 

Compute Dj,i where Dj,i is the arithmetic difference 
between the levels Lj in the frequency bands j and i: 
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STEP 6 

Compute DT as the arithmetic average of D;- 
Dj,i and L$ + 1, i + I. 

l,i-If 

Where i = 1, set 0; - I, I- 1 equal to Dj,i. 

Where i = 21, set D; + I, i + 1 equal to Dj,/. 

STEP 7 

Set LT equal to L,. 
- 

- - Determine all other values of Lj by 
adding Dj,i to Li. 

STEP 8 

Determine Fi, where 

Fi = (Li - 4) > 0 

STEP 9 

Determine the tone correction, C, from the following 
equations : 

C= F/3 O<F<20 for l/3 octave bands between 
C=6,7 2OdF 

1 
500 to 5 000 Hz. 

I 

for l/3 octave bands in the 
C= F/6 O<F<20 range 50 to IO 000 HZ, but 
C=3,3 2OGF outside the range 500 to 

5 000 Hz. 

STEP 10 

The maximum value of C determined in step 9 defines the 
tone correction that is to be added to the perceived noise 
level determined in 4.2.2.2, to obtain LTPN. 

4.2.3 Calculation of effective perceived noise level 

4.2.3.1 DEFINITION OF EFFECTIVE PERCEIVED 
NOISE LEVEL 

The total subjective effect of an aircraft flyover depends 
not only on the maximum tone-corrected perceived noise 
level, L T~N,-,-,~~, but also on the variation of the noise with 
time. 

To take into account the influence of time, the effective 
perceived noise level, LEpN, is defined by the equation 

L EPN = ‘0 log,,&== ‘0 LTPNI1O dt 
0 -ce 

where LTpN is the tone-corrected perceived noise level as 
determined by the procedures specified in 4.2.2.1, 4.2.2.2, 
and 4.2.2.3, and T, = IO s. 

Effective perceived noise level may also be expressed as 
the algebraic sum of LTpNmax and a duration allowance 
AbN OrAlN, as defined in 4.2.3.4. 

NOTES 

1 The quantity LTPN in the above definitions may be replaced by 
LPN if it can be shown that the tone corrections are small enough 
to be disregarded. 

2 The designation “EPNL” is sometimes used elsewhere as an 
abbreviation for “effective perceived noise level”, the unit being 
designated EPNdB; here, “effective perceived noise level” is 
designated L EPN and the unit is the decibel (dB). 

4.2.3.2 BASIC DEFINITION OF DURATION ALLOW- 
ANCE 

Consider a notional equivalent duration, r seconds, such 
that the integrated energy11 in a noise at constant level 
L max, the maximum level observed, for time 7 is equal to 
the integiated energy in the actual noise whose 
instantaneous noise level is L, Then 

f- 
7 x lOLmax/‘0 = 

s 
IO L’10 dt 

-m 

The duration allowance, A, expressed in decibels, is defined 
as the ratio of 7 to an arbitrarily chosen reference duration, 
rref seconds : 

A = 10 logI Mref) 

When applied to the calculation of effective perceived noise 
level, the symbol L above is understood to refer to 
perceived noise level, LPN, or tone-corrected perceived 
noise level, LTPN, as appropriate. For other purposes 
(see 5.2), it may refer to a weighted sound level. 

4.2.3.3 REFERENCE DURATION 

For the calculation of effective perceived noise level, the 
value of Tref in the expression for the duration allowance 
is taken, by convention, to be 10 s. 

NOTE - For other purposes a different reference duration is 
recommended (see, for example, 5.2.1 b)). 

4.2.3.4 PRACTICAL DEFINITION OF DU RATLON 

ALLOWANCE 

a) For practical purposes, LTpN may be integrated over 
the total time-interval t2 -t, during which the 
instantaneous value of LTpN is within a specified value 
(not less than ‘IO dB) of the maximum value LTpNmax. 

NOTE - The time-interval tz- tl shall be taken as the 
total time between the instants tl, when the noise level 
(for a single avant) first rises to the specified level (for 
example ~~~~~~~ - IOdB), and tz, when the noise 
level last decreases to the specified level. 

1) The term “energy” is used hare loosely to mean a quantity proportional to the square of sound pressure. 
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The equivalent duration, T’, is then given, in seconds, 
by the formula 

t1 
7’ X 10LTPNmax/10 = 

s 
10 LTPN/lO & 

t2 

and the practical duration allowance, AbN, in decibels, 
by the formula 

ALN = 10 log,o (7’/7,J 

where T,,~ is equal to 10 s, as stated in 4.2.3.3. 

b) When the noise level is described by values of L-rp~ 
over sufficiently small intervals of time, At (not more 
than 0,5 s), the equivalent duration, T”, is given, in 
seconds, by the formula 

8’ x l@~~~max/lO = At xX IOLTPN~/‘O 
k 

where LTpNk is the value of LT~N for the kth time- 
interval during which LTpN is greater than the minimum 
value being considered. The duration allowance, AIN, is 
then given, in decibels, by the formula 

GN = 10 log,, (7”href) 

where T,,~ is equal to 10 s. 

NOTE - The summation may alternatively be performed for 
values of At corresponding to discrete intervals (not greater than 
0,5 dB) of LTPN, 

4.3 Data normalization 

Differences between the test conditions (under which the 
noise was measured) and the reference conditions (for 
which the results are required) require that “adjustments” 
be made to the levels used for arriving at the I!. EPN figures 
for four different effects : 

a) Differences in the sound attenuation coefficients in 
air (in excess of that due to spherical divergence) and 
hence in the attenuation of the noise. 

Values of attenuation coefficients at various values of 
atmospheric temperature and humidity and 
meteorological measurements to utilize these values, 
are given in annex A. 

NOTE - With the limitation imposed on the test conditions by 
4.1.2.2, the adjustment for differences in atmospheric 
attenuation coefficients between test and reference conditions 
is also thereby limited. For the commonly used reference 
condition of 25 ‘C and 70 % relative humidity, the adjustment 
is limited to 5 dB per 100 m in the l/3 octave band centred at 
8 kHt; for an alternative reference condition of 15’C end 
70 % relative humidity, the adjustment is limited to 4 dB per 
IOOm. 

b) Differences in the path distance travelled by the 
noise and hence ‘in its attenuation (by divergence and by 
atmospheric absorption) and its duration (proportional 
to the shortest distance between the aircraft flight path 
and the measurement point). 

Information on the aircraft operating conditions must be 
recorded in synchronization with the acoustical data and 
on its position in order to determine the true path 
distance from the point of emission of the noise to the 
measurement point. 

c) Differences in the speed of the aircraft over the 
measurement point and hence in the duration of the 
noise (inversely proportional to the speed). 

d) Differences in the noise emitted at its source at the 
aircraft. 

Appropriate “adjustments” shall be applied based on 
manufacturer’s information. 

NOTE - When the sound being measured arrives at an angle of 
less than 10” to the ground surface, ground proximity effects 
are difficult to quantify. Procedures for normalization of the 
date are not provided for such cases. 

4.4 Data reporting 

4.4.1 Full particulars of the test conditions and results of 
all the tests shall be reported, including 

a) the relevant atmospheric conditions (the wind to be 
reported in terms of maximum, minimum and average 
speeds and direction); 

b) comments on local topography, ground cover and 
events which might have interfered with noise readings; 

c) the aircraft configuration (such as wing-flap and 
landing gear positions), the relevant flight procedure and 
operating conditions (including the use of systems 
influencing engine power), and readings of the aircraft 
position over the relevant time period; 

d) details of equipment used for flight path measure- 
ment and noise measurement and analysis; 

e) the acoustical readings taken, the “adjustments” to 
be applied to these readings, and the adjusted figures. 

4.4.2 Sufficient tests shall have been made at each 
operating condition to establish the statistical consistency 
of the results. 

The normalized effective perceived noise level obtained at 
each operating condition shall be averaged arithmetically. 
Such average results can be expected to have a 90% 
confidence interval not exceeding f 1 dB established 
statistically from six tests. The confidence interval for the 
mean value of a set of measurements can be computed 
from the standard deviation of the measured values, as a 
function of the number of measurements, from table 16 
in annex D. 

5 MEASUREMENTS REQUIRING ONLY FREQUENCY 
WEIGHTING 

Sophistication of measurement and test procedure has been 
relaxed in the specifications of this clause (compared with 
those of clause 4) for the sake of simplicity and low cost. 

6 Full document details: ISO 3891-1978

http://www.avadocuments.com/doc/iso-3891-1978
http://www.avadocuments.com/doc/iso-3891-1978

