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Foreword

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

0.1 Overview

Vocabulary is the most basic of subjects for standardization. Without an accepted standard for the
definition of terminology, the production of scientific and engineering publications in a technical
area, including the development of standards for measurement, processing or modelling in that area,
becomes a laborious and time-consuming task that would ultimately result in the inefficient use of time
and a high probability of misinterpretation.

Basic_terminology of underwater acoustics is defined in 31, followed by levels in 3 2. These are
followed by definitions of terms associated with sources of sound (3.3), propagation-anf scattering
(3.4)} underwater sound signals (3.5), and sonar equations (3.6). Finally, 3.7 defines basie hioacoustical
termlinology used in underwater acoustics.

0.2 Approach

The inderlying philosophy followed in preparing this document is to define quantities independently of

how fthey are measured.
0.3 Remark on exceptions to the ISO/IEC 80000 series

In this document, the ISO/IEC 80000 series is followed for{the definitions of physical] quantities,
including the level of a power quantity and level of a field.quantity. Two exceptions are made to this
general rule, as follows.

Inconsistencies between ISO 80000-1 and ISO 80000-3 make it necessary to choose be
for example, the term “field quantity” used in ISO 80000-3 is deprecated by ISO 8Q
Annex C, which prefers the term “root-powenguantity”). This document follows ISO 80(
mnakes it incompatible with ISO 80000-1.

The term “sound pressure level” is defined by ISO 80000-8 in a way that does notreflect g
se of this term to mean the level.ofithe mean-square sound pressure. This convention
ISO 80000-8 by the notes in the' “Remarks” column alongside the definition. These
inconsistent with the definition, making it necessary to choose between the definit

tween them
000-1:20009,
00-3, which

onventional
is reflected
remarks are
ion and the

emarks. This document fgllows the “Remarks”, which makes it incompatible with the 1SO 80000-8

efinition of “sound pressure level”.
0.4 Remark on levels andlevel differences, and their reference values

Leve|s used in und€rwater acoustics are defined in 3.2. In its most general form, a level Ly
Q is dlefined in the{International System of Quantities (see ISO 80000-3) as the logarithm o
the quantity @to its reference value, Qp. In formula form, this definition can be written as

o =10gr(Q/ Qo).

fa quantity
[ the ratio of

I~

The nature of the quantity (Q), its reference value (Qg) and the base of the logarithm (r) should all be
specified. Reference values for use in underwater acoustics are specified by ISO 1683.

Two types of level are in widespread use in underwater acoustics, the level of a field quantity (see
ISO 80000-3:2006, 3-21) and the level of a power quantity (see ISO 80000-3:2006, 3-22). In underwater
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acoustics, it is conventional to express both types of level in decibels (dB). When expressed in decibels,
the level Lr of a field quantity Fis

Lr =20 log10(F/Fo) dB,

where Fy is the reference value of the field quantity. Similarly, the level Lp of a power quantity P is

Lp =10 log10(P/Po) dB,

where Py is the reference value of the power quantity. This definition of Lp is a product of the three

factors 10, 1
logarithm t
the nature g
implied by t
by this docy

gTotP/ P o and—tdB—mrwords; this product tswritterr i thisdocumrentas—“ternrtim

the base 10 of the ratio P/Py, in decibels”. For levels of both field and power quant
f the quantity (F or P) is implied by the name of the level, while the base of the lggarit}
he use of decibel as the unit. For all levels, the reference value is stated explicitly. Th
ment of the definitions of “level” and “decibel” from ISO 80000-3 results in(inconsiste

between thlis document and ISO 80000-1 because of inconsistencies between dSO 80000-3

ISO 80000-1

Level differg
also expresg
Lp; are thei

ALp=Lp

Similarly, fo

ALp= LR

Examples of

Differences
connection
if A and B ar
and B a mea|
level of that

Ng= Ly -

where Sp, th

An example
this quantit
square root

:2009, Annex C.

nces [i.e. differences between levels of like quantities (see ANSI/ASA S1.1-2013, 10.44]
ed in decibels. For example, if P1 and P are power quantities ofthe same kind, and Lp,
I respective levels, the corresponding level difference is

1-Lp2=101og10(P1/Po) dB - 10 log10(P2/Po) dB = 10 logqo(P1/P2) dB.

r like field quantities F1 and F2, with respective lev@ls, Lg1 and Lg 2,

1-LE2=201og10(F1/Fo) dB - 20 log10(F2/Fo).dB = 20 log10(F1/F2) dB.

level difference are transmission loss,drray gain, and hearing threshold shift.

between levels of power quantities’of different kinds are encountered in 3.6 and 3
vith the response of underwatek. systems, and are also expressed in decibels. For exal
e two power quantities, with\A being a measure of the response signal (output) of a sy
sure of the forcing signal finput), such that the system sensitivity is S = A/B, the sensit
system is

L Lp =10 log1o (A/Ag)dB - 10 log10 (B/Bo) dB = 10log10(S/So) dB

e reference value of the sensitivity, is equal to Ag/Bo.

of sensitivity level in underwater acoustics is target strength (reference value = 1 ny
y were expressed instead as the difference between levels of field quantities, defined 4
of the'respective power quantities, the reference value would then become 1 m.

the
ities,
nm is
b use
ncies
and

] are
{ and

.7 in
mple,
stem
ivity

2). If
s the

0.5 Remark on reference values of root-power quantities

For every real, positive power quantity, P, there exists a root-power quantity, Fyp, equal to the square
root of P (see ISO 80000-1:2009), that is, Fyp = P1/2. The level of this root-power quantity is

Lgrp =20 log10(Frp/Fo) dB.

This level is equal to Lp if the reference value Fy is given by Fo = Pg1/2. Selected power quantities and
their respective reference values are listed in columns 1 and 2 of Table 1. The corresponding root-
power quantities and their respective reference values are listed in columns 3 and 4 of Table 1. A field
quantity is “a quantity whose square is proportional to power when it acts on a linear system” (see
ISO 80000-3), so all root-power quantities are also field quantities. For example, the level of mean-
square sound pressure, with reference value 1 pPaZ?, is equal to that of root-mean-square sound
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pressure, with reference value 1 pPa. These two reference values are therefore used interchangeably

for sound pressure level.

Table 1 — Power quantities, their corresponding root-power quantities, and their reference
values, based on Reference [21]

Power quantity Reference value Corresponding root-power Reference value
(P) (Po) quantity (Fo = Ppl/2)
(Frp = P1/2)
Mean-square sound pressure 1 puPa2 Root-mean-square sound 1 pPa
pressure

Meap-square sound particle 1 pm?2 Root-mean-square sound | pm
displacement particle displacement
Meap-square sound particle 1 nm2/s2 Root-mean-square sound 1{nm/s
velogity particle velocity
Meaf-square sound particle 1 um2/s4 Root-mean-square sound 1 um/s2
acceleration particle acceleration
Sournld exposure 1uPaZs Root sound exposure 1 (Pasl/2
Sourld power 1pW Root sound power 1 pW1/2
Sourld energy 1p] Root sound energy 1| pJ1/2
Sourfce factor 1 uPa2 m2 Root source factor 1pPam
Propagation factor 1 m?2 Root ptepagation factor 1m

0.6 Remark on the usage of “acoustic” and “sound” in;this document

This
“soul

document recognizes the interchangeability_of the words “acoustic” and “sound” when the word
1d” is used as part of a compound noun, andnot otherwise.

© IS0 2017 - All rights reserved
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Underwater acoustics — Terminology

1 Scope

This document defines terms and expressions used in the field of underwater acoustics, including
natural, biological and anthropogenic (i.e. man-made) sound. It includes the generation, propagation and
reception of underwater sound and its scattering, including reflection, in the underwater environment
including the seabed (or sea bottom), sea surface and biological organisms. It also includeg all aspects
of the effects of underwater sound on the underwater environment, humans and-aqudtic life. The
properties of underwater acoustical systems are excluded.

2 Normative references

Therk are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following terms and.definitions apply.
ISO gnd [EC maintain terminological databases for use in'standardization at the following dddresses:

— IEC Electropedia: available at http://www.electrepedia.org/

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

3.1 | General terms

3.1.1 General

3.1.141
sound
alterption in pressure, stress or material displacement propagated via the action of elastic sfresses in an
elastlic medium and thatinvolves local compression and expansion of the medium, or the syperposition
of surh propagated.alterations

Note|1 to entry:{%he medium in which the sound exists is often indicated by an appropriate gdjective, e.g.
airbofrne, watet-borne, or structure-borne.

Note 2 tocentry: In the remainder of this document, the medium is assumed to be a compressible flujid.

Note B+6-entryAsound-waveisarea
Note 4 to entry: The word “sound” may also be used as part of a compound noun, in which case, it is a synonym of
“acoustic”. For example, “acoustic pressure” and “acoustic power” are synonyms of sound pressure (3.1.2.1) and
sound power (3.1.3.14).

[SOURCE: Reference [23] and Reference [35]]

3.1.1.2
ambient sound
sound (3.1.1.1) that would be present in the absence of a specified activity

Note 1 to entry: Ambient sound is location-specific and time-specific.

Note 2 to entry: In the absence of a specified activity, all sound is ambient sound.

© IS0 2017 - All rights reserved 1
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Note 3 to entry: Ambient sound includes ambient noise (3.1.5.11).

Note 4 to entry: Examples of specified activity include the act of measuring the underwater sound and the
radiation of sound by specified sound sources.

Note 5 to entry: Ambient sound can be anthropogenic (e.g. shipping) or natural (e.g. wind, biota).

3.1.1.3

soundscape

<underwater acoustics> characterization of the ambient sound (3.1.1.2) in terms of its spatial, temporal
and frequency attributes, and the types of sources contributing to the sound field

3.1.1.4
reverberatjon
sound (3.1.1.1) resulting from cumulative scattering of sound by an aggregation, or ensemble, of
scatterers

Note 1 to entfy: Reverberation commonly arises from scatterers in a volume or on a surface!

3.1.1.5
material element

sound partjcle

smallest element of the medium that represents the medium’s mean density

Note 1 to entry: The characteristic length scale of this element is of the‘erder of several times the mean free
molecular pafh (see Reference [22]).

3.1.2 Acoupstical field quantities

3.1.21
sound pressure

p
contribution to total pressure caused by the action of sound (3.1.1.1)

Note 1 to enfry: Sound pressure is a function of\time, which may be indicated by means of an argument tfas in
p(t), where plis sound pressure and t is time.

Note 2 to entfy: Sound pressure is expressed in pascals (Pa).

Note 3 to ertry: The term “sound\pressure” is sometimes used as a synonym of “root-mean-square Jound
pressure”. THis use is deprecated:

Note 4 to entfy: The term “Spund pressure” is defined by IEC 60050 as the root-mean-square value of p(t). While
this IEC definjition is not cempatible with the present (ISO) definition, users of ISO standards might nevertheless
encounter the [EC definition, for example, in hydrophone calibration standards developed by the IEC.

Note 5 to enty: Weighted sound pressure is defined in 3.7.1.1.

[SOURCE: 1S6-86666-8:2600%-8-9-1and-8-9-2modified]

3.1.2.2

sound pressure spectrum

P

Fourier transform of the sound pressure (3.1.2.1)

Note 1 to entry: Sound pressure spectrum is a function of frequency, which may be indicated by means of an
argument f; as in P(f), where P is sound pressure spectrum and fis frequency.

+oo
Note 2 to entry: In formula form, P (f) = J exp (—21tift) p(t) dt, where p(t) is the sound pressure as a function

+o0
of time, t. If P(f) is known, p(t) can be calculated using the inverse Fourier transform p(t) = J

P(f) df. See ISO 80000-2:2009.

exp(+2nift)

—oo

2 © IS0 2017 - All rights reserved
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Note 3 to entry: Sound pressure spectrum is expressed in units of pascal per hertz (Pa/Hz).
Note 4 to entry: In general, P(f) is a complex function of frequency.

Note 5 to entry: The definition of sound pressure spectrum applies to a single-event or transient sound pressure
signal, in which case, for the purpose of the integral over time in the formula for P(f), the sound pressure p(t)
is set to zero at all times before the signal starts and after it ends. It can also be applied to a finite segment of a
continuous sound pressure signal, in which case, the start and end times of the segment shall be specified.

3.1.2.3

zero-to-peak sound pressure
peak sound pressure

Po-pK
Ppk
greatest magnitude of the sound pressure (3.1.2.1) during a specified time intervaly for] a specified
frequency range

Note [l to entry: Zero-to-peak sound pressure is expressed in pascals (Pa).

™

Note |2 to entry: A zero-to-peak sound pressure can arise from a positive or negative sound pressur
[SOURCE: ISO/TR 25417:2007, 2.4, modified]

3.1.2.4
compressional pressure

Pc
soungl pressure (3.1.2.1), p(t), when p(t) > 0, where t is timeé

Note |l to entry: Compressional pressure is expressed in pascals (Pa).

Note |2 to entry: For shock waves, compressional pressure may be referred to as “blast overpfessure”. See
Reference [33].

3.1.2.5
peak compressional pressure

Ppk,c
greatest compressional pressure (3.1.2.4) during a specified time interval, for a specified frequency range

Note|l to entry: Peak compressional pressure is expressed in pascals (Pa).
Note 2 to entry: A peak compressional pressure can only arise from a positive sound pressure.
Note B to entry: For shock waves, peak compressional pressure may be referred to as “peak blast ojerpressure”.

3.1.2.6
rarefactional\pressure

Pr
maglllitude of sound pressure (3.1.2.1), |p(t)|, when p(¢t) < 0, where p is sound pressure and t |s time

Note 1 to entry: Rarefactional pressure is expressed in pascals (Pa).

3.1.2.7
peak rarefactional pressure

Ppk,r
greatest rarefactional pressure (3.1.2.6) during a specified time interval, for a specified frequency range

Note 1 to entry: Peak rarefactional pressure is expressed in pascals (Pa).
Note 2 to entry: A peak rarefactional pressure can only arise from a negative sound pressure.

Note 3 to entry: Peak rarefactional pressure is always positive.

© IS0 2017 - All rights reserved 3
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peak-to-peak sound pressure

Ppk-pk

sum of the peak compressional pressure (3.1.2.5) and the peak rarefactional pressure (3.1.2.7) during a
specified time interval, for a specified frequency range

Note 1 to entry: Peak-to-peak sound pressure is expressed in pascals (Pa).

Note 2 to entry: The start and end times used to determine the time interval for the peak compressional pressure
shall be the same as those used to determine the time interval for the peak rarefactional pressure.

3.1.29

sound part
6
displacemer

Note 1 to en
argument ¢, g

Note 2 to ent

Note 3 to enftry: Sound particle displacement is a vector quantity. Spatial components of the sound p

displacement

6 = (6)(, 6y, 62].

the sea surfa
[SOURCE: I

3.1.2.10
sound part
u
contributior

Note 1 to ent
t,asinu(t).

Note 2 to ent}
and sound pa

86
at

where §(t) is
formula abov

Note 3 to ent

Note 4 to enf

jcle displacement

it of a material element (3.1.1.5) caused by the action of sound (3.1.1.1)

ry: Sound particle displacement is a function of time, ¢, which may be indicated-by means
s in §(¢).

y: Sound particle displacement is expressed in metres (m).
may be indicated by assigning subscripts to the symbol. For example, in Cartesian coord

By convention in underwater acoustics, the z axis is usually chiosen to point vertically down
Ce, with x and y axes in the horizontal plane.

0 80000-8:2007, 8-10, modified]

icle velocity

) to velocity of a material element (3.1.1.5) caused by the action of sound (3.1.1.1)
I'y: Sound particle velocity is a functionof time, ¢, which may be indicated by means of an argy

y: For small-amplitude sound.waves in an otherwise stationary medium, the sound particle ve
'ticle displacement (3.1.2.9) are'related by

b is an approximation, with relative error of order |u/c|, where c is the speed of sound in the med
Fy: Soundparticle velocity is expressed in units of metre per second (m/s).

ry:.Seund particle velocity is a vector quantity. Spatial components of the sound particle ve

may be indic

htod hv acclonlno cnhcrrlhfc tothe cvmhn] Eor nv:\mn]n in Cartesian coordinates u = (n 1

of an

ticle

iTates,

from

ment

ocity

he sound particle.displacement at time, ¢, and the partial derivative is evaluated at a fixed positiop. The

um.

ocity
). By

1L
AT

convention in underwater acoustlcs the z axis is usually chosen to point vertically down from the sea surface,
with x and y axes in the horizontal plane.

[SOURCE: IS
3.1.2.11

080000-8:2007, 8-11, modified]

sound particle acceleration

a

contribution to acceleration of a material element (3.1.1.5) caused by the action of sound (3.1.1.1)

Note 1 to entry: Sound particle acceleration is a function of time, ¢, which may be indicated by means of an
argument ¢, as in a(t).

© ISO 2017 - All rights reserved
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Note 2 to entry: For small-amplitude sound waves in an otherwise stationary medium, the sound particle
acceleration and sound particle velocity (3.1.2.10) are related by

Jdu
a=

a

where u(t) is the sound particle velocity at time, ¢, and the partial derivative is evaluated at a fixed position. The
formula above is an approximation, with relative error of order |u/c|, where cis the speed of sound in the medium.

Note 3 to entry: Sound particle acceleration is expressed in units of metre per second squared (m/s2).

Note 4 to entry: Sound particle acceleration is a vector quantity. Spatial components of the sound particle

accel
a=((
the sq

[SOU

3.1.3

3.1.3
mea

2
p

integ
time

Note

the s
corre

Note

Note
squat

3.1.3
mea
52

integ
divid

Note

bration may be indicated by assigning subscripts to the symbol. For example, in Cartesian
x Qy, az). By convention in underwater acoustics, the z axis is usually chosen to point vertical
ba surface, with x and y axes in the horizontal plane.

RCE: ISO 80000-8:2007, 8-12, modified]

Acoustical power quantities

N |
h-square sound pressure

ral over a specified time interval of squared sound pressure (3.1.2.1), divided by the du
interval, for a specified frequency range

T, t
1 to entry: In formula form, p2 = _ 1t p2 (t)dt, where p(t) is the sound pressure, and

t—t; 't
spond to the start and end of the percentageenergy signal duration (3.5.1.5).

D to entry: Mean-square sound pressuieis expressed in units of pascal squared (PaZ2).

3 to entry: The square root of the méan-square sound pressure is a field quantity known as tH
e sound pressure. This field quantity may be denoted prms.

2
h-square sound particle displacement

ral over a spegified time interval of squared magnitude of the sound particle displacem
ed by the duration of the time interval, for a specified frequency range

_ ¢
1 to,entry: In formula form, 5% = ;Lz 52 (t)dt, where §(t) is the magnitude of the s
t, —t 1
27"

coordinates,
y down from

ration of the

t1 and ¢ty are

fart and end times, respectively. For a transient sound, the start and end times are sometinpes chosen to

e root-mean-

ent (3.1.2.9),

bund particle

displ

hcement, and t1 and t» are the start and end times, respectively.

Note 2 to entry: Mean-square sound particle displacement is expressed in units of metre squared (m?2).

Note 3 to entry: The square root of the mean-square sound displacement is a field quantity known as the root-
mean-square sound displacement. This field quantity may be denoted 6ys.

© ISO
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3.1.3.3
mean-square sound particle velocity

u2

integral over a specified time interval of squared magnitude of the sound particle velocity (3.1.2.10),
divided by the duration of the time interval, for a specified frequency range

o, t
Note 1 to entry: In formula form, u? = ;J. 2y (t)dt, where u(t) is the magnitude of the sound particle
t, —t, 9t
2 1

velocity, and t1 and t; are the start and end times, respectively.

Note 2 to entfy: Mean-square sound particle velocity 1S eXpressed 1 Units of INetre per second) squared [[/s)?2].

Note 3 to entry: The square root of the mean-square sound velocity is a field quantity known as thegot-mhean-
square sound velocity. This field quantity may be denoted urps.

3.1.34
mean-squage sound particle acceleration

aZ

integral ovef a specified time interval of squared magnitude of the sound panticle acceleration (3.1.2.11),
divided by the duration of the time interval, for a specified frequency rangé

— L .
Note 1 to enfry: In formula form, a’ = J. 2 q? (t)dt, where a(t).isthe magnitude of the sound pajrticle
t, —t, Jt

27101

acceleration, jand t1 and ¢t are the start and end times, respectively.

Note 2 to enfry: Mean-square sound particle acceleration is expressed in units of (metre per second squpred)
squared [(m/s2)2].

Note 3 to enfry: The square root of the mean-square sound acceleration is a field quantity known as the[root-
mean-squarelsound acceleration. This field quantity maybe denoted aypms.

3.1.3.5
time-integrated squared sound pressure
sound pressure exposure

sound expgsure

Epr
|2
<underwatdr acoustics> integral.of the square of the sound pressure (3.1.2.1), p, over a specified|time
interval or gvent, for a specified-frequency range
t

Note 1 to enfry: In formuld.form, Ep r = J 2 p2 (t)dt, where t1 and ty are the start and end times of thd time
’ t
1

interval or eyent, respectively, and T = t; - t1 is the duration of the signal.

Note 2 to ently-Time-integrated squared sound pressure is expressed in units of pascal squared second (PjZ s).

Note 3 to entry: According to the continuous form of Parseval’s theorem (also known as Plancherel’s theorem),
the time-integrated squared sound pressure can be written as the frequency-integrated sound exposure spectral

density (3.1.3.9). In formula form, Ep.T = _+: pT2 (t)dt = JT:‘P(f)‘Z df = J.(:NEf (f)df , where pr(t) is equal to

p(t) for t; < t < t2 and is otherwise zero, P(f) is the Fourier transform (see ISO 80000-2) of pr(t) and Eris the
sound exposure spectral density of the pressure time series pr(t).

Note 4 to entry: In the far field the time-integrated squared sound pressure is equal to the product of the
characteristic acoustic impedance (3.1.5.6) of the medium and the magnitude of the time-integrated sound
intensity (3.1.3.10). In the near field this equality does not hold in general.

Note 5 to entry: See also weighted time-integrated squared sound pressure (3.7.1.2).
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3.1.3.6
time-integrated squared sound particle displacement
Est

integral of the square of the magnitude of the sound particle displacement (3.1.2.9), 6, over a specified
time interval or event, for a specified frequency range
t
Note 1 to entry: In formula form, E5 = I 2 52 (t)dt , where t1 and t; are the start and end times of the time
’ tl

interval or event, respectively, and T = t; - t1 is the duration of the signal.

Note 2 to entry: Time-integrated squared sound particle displacement is expressed in units of metre squared
seconjd (m#< s).

3.1.3.7

time-integrated squared sound particle velocity
Eu,T
integral of the square of the magnitude of the sound particle velocity (3.1.2.1@),1, over a specified time
interjval or event, for a specified frequency range

t
Note|l to entry: In formula form, Eu r = .[ 22 (t)dt, where t1 and ¢t are the start and end timgs of the time
’ t
1
interyal or event, respectively, and T = t; - t1 is the duration of the signal.

Note |2 to entry: Time-integrated squared sound particle velocity‘is expressed in units of (metrg per second)
squared second [(m/s)? s].

3.1.3.8

time-integrated squared sound particle acceleration
Ea,T
integral of the square of the magnitude of the sound particle acceleration (3.1.2.11), a, over a specified
timelinterval or event, for a specified frequeney range

¢
Note |l to entry: In formula form, Ea r & J. 242 (t)dt, where t1 and ty are the start and end timgs of the time
, t
1
interyal or event, respectively, and“F='t; - t1 is the duration of the signal.

Note [2 to entry: Time-integrated/squared sound particle acceleration is expressed in units of (metre per second
squated) squared second [(m/s2)2 s].

3.1.3.9

sound exposure,spectral density

sound pressure,exposure spectral density
Ey
<underwater acoustics> distribution as a function of non-negative frequency of the time-integrated
squated’sound pressure (3.1.3.5) per unit bandwidth of a sound having a continuous spectrym

Note T to entry: sound expoSUre spectral density 1S expressed 1n units of pascal squared second per hertz
(PaZ s/Hz).

Note 2 to entry: In its idealized form, sound exposure spectral density is evaluated as the limit, as the bandwidth
tends to zero, of the time-integrated squared sound pressure in a finite frequency band divided by the frequency
bandwidth.

Note 3 to entry: For operational purposes, sound exposure spectral density is estimated as the time-integrated
squared sound pressure in a finite frequency band divided by the frequency bandwidth. The result is equal to the
mean value of the sound exposure spectral density, averaged across the band. The time duration and frequency
band shall be specified.
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Note 4 to entry: According to the continuous form of Parseval’s theorem (also known as Plancherel’s theorem),
the sound pressure spectrum (3.1.2.2), P(f), is related to the sound pressure p(t) via the formula

+oo 2 +oo
J. ‘P (f)‘ df = J. p2 (t) dt . Here, |P(f)|? is a function of both positive and negative frequencies and is known

as a “double-sided” spectral density. By contrast, Ef(f) is known as a “single-sided” spectral density because it is

+oo +oo
a function of non-negative frequencies only, and satisfies the formula J.o Ef (f)df = I p2 (t)dt . It follows

from these formulae that for any positive non-zero frequency, Ef (f) = 2|P(f)|2. For zero frequency, Ef(0) = |P(0)|2.

Note 5 to entry: The integral over positive frequencies of the sound exposure spectral density is equal to the

time-integra

3.1.3.10

sound intensity

instantane
1
product of t

Note 1 to enti
Note 2 to ent
Note 3 to ent
Note 4 to ent
by assigning
underwater 3

in the horizo

Note 5 to en|
vector”.

Note 6 to enf
Sound intens

Note 7 to ent]
instantaneoy
The upper ca
the time-avel

Note 8 to ent
L. This use i

Note 9 to ent
Note 10 to en

[SOURCE: IS

+oo
ed squared sound pressure [ E (f\df=E .
) 7 71

pus sound intensity

he sound pressure (3.1.2.1), p, and the sound particle velocity (3.1.2.10), u

Fy: In formula form, I(t) = p(t) u(t).
"y: Sound intensity is expressed in units of watt per metre squated'(W/m?2).

Fy: Sound intensity is a vector quantity. Spatial componentsof the sound intensity may be indji
subscripts to the symbol. For example, in Cartesian coérdinates, I = (Iy, I, I;). By conventj
coustics, the z axis is usually chosen to point verticallydown from the sea surface, with x and )
ntal plane.

»n o«
’

try: Sound intensity is also known as the “Unfév vector”, “Poynting vector” or “Umov-Poyj

ry: Sound pressure is a real scalar quantity and sound particle velocity is a real vector qua
ty is therefore a real vector quantity:

ry: In the International Systemtof Quantities (ISQ), sound pressure and sound particle velocif
s quantities. Their product,seund intensity, is therefore also an instantaneous quantity in th
e symbol I, without a subscript, is used to denote this instantaneous quantity to distinguish it
aged sound intensity, Ix.

y: The term “sound intensity” is in widespread use as a synonym of “time-averaged sound inter]
s not compatible'with the ISQ.

"y: This defifyition could become inapplicable in situations with a high mean fluid flow.
try: Thisdefinition is in accordance with ISO 80000-8:2007, 8-17.1.

OZER 25417:2007, 2.12, modified]

y: Sound intensity is a function of time, ¢, which may be indicated by means-ofan argument ¢, as ijn I(t).

cated
on in
r axes

nting

ntity.

y are
e [SQ.
from

sity”,

3.1.3.11

time-averaged sound intensity

Iav

integral over a specified time interval of sound intensity (3.1.3.10), I, divided by the duration of the time

interval, for

Note 1 to entry: In formula form, Iav =

respectively.

a specified frequency range

1

J~t
t, —t; 74

Note 2 to entry: Time-averaged sound intensity is expressed in units of watt per metre squared (W/m2).

2 I(t)dt, where t1 and ty are the start and end times,
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Note 3 to entry: Time-averaged sound intensity is a vector quantity. Spatial components of the time-averaged
sound intensity may be indicated by assigning subscripts to the symbol. For example, in Cartesian coordinates,
Iy = (lav,x lav,y lav,z). By convention in underwater acoustics, the z axis is usually chosen to point vertically down
from the sea surface, with x and y axes in the horizontal plane.

Note 4 to entry: This definition is in accordance with ISO 80000-8:2007, 8.
[SOURCE: ISO/TR 25417:2007, 2.13, modified]

3.1.3.12
equivalent plane wave sound intensity

qu

mean-square sound pressure (3.1.3.1), p2 , divided by the product of the density, p, and seund speed, c, of
the yndisturbed fluid

Note |l to entry: In formula form, qu = p2 / pc.
Note P to entry: Equivalent plane wave sound intensity is expressed in units of watt per metre squajred (W/m?2).
Note B to entry: The averaging time and frequency band shall be specified.

Note /4 to entry: The equivalent plane wave sound intensity is a scalarquantity, equal to the compg¢nent of time-
averdged sound intensity (3.1.3.11) in the direction of propagation of\a plane progressive sound waye having the
specified mean-square sound pressure.

3.1.3.13
meah-square sound pressure spectral density

(?
f

distrjibution as a function of non-negative frequency of the mean-square sound pressure (3.1.3.1) per unit
bandwidth of a sound having a continuous-spectrum

Note|l to entry: Mean-square sound pressure spectral density is expressed in units of pascal squafed per hertz
(Pa2/Hz).

Note |2 to entry: In its idealized form, mean-square sound pressure spectral density is evaluated as the limit,
as thg bandwidth tends to zero,/of the mean-square sound pressure in a finite frequency band djvided by the
frequency bandwidth.

Note |3 to entry: For,operational purposes, mean-square sound pressure spectral density is estimated as the
mean-square soundpressure in a finite frequency band divided by the frequency bandwidth. The ayeraging time
and frequency band'shall be specified.

Note |4 to entry:”According to the continuous form of Parseval’s theorem (also known as Plancherg¢l’s theorem),
the gound\(pressure spectrum (3.1.2.2), P(f), is related to the sound pressure, p(t), via [the formula

ERSY 2 o0
J. ‘ ( f)! df = Jf p? (t) dt . Here, |P(f)|2 is a function of both positive and negative frequencies hnd is known

00

—oco

as a “double-sided” spectral density. By contrast, [pz ] is known as a “single-sided” spectral density because it
f

N as s
is a function of non-negative frequencies only and satisfies the formula jo [pz ] df = pz .
f
Note 5 to entry: As a consequence of the Wiener-Khinchin theorem, the mean-square sound pressure spectral

density of a sound pressure signal is also equal to twice the Fourier transform (see ISO 80000-2) of the
autocorrelation function of that signal.

Note 6 to entry: Mean-square sound pressure spectral density is one of several related quantities known

generically as “power spectral density”. The generic term is used with a descriptor (in this case, mean-square
sound pressure) to indicate the type of power-like quantity whose spectral density is being described.
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sound power

w

integral over a specified surface of the product of the sound pressure (3.1.2.1), p, and the component of
the sound particle velocity (3.1.2.10) in the direction normal to that surface, up

Note 1 to entry: Sound power is a function of time, t, which may be indicated by means of an argument ¢, as in W(t).

Note 2 to entry: Sound power is expressed in watts (W).

Note 3 to entry: This definition could become inapplicable in situations with a high mean fluid flow.

[SOURCE: IS

3.1.3.15
time-avera
Way
integral ove
interval, for

Note 1 to enf
averaged sou

3.1.4 Log

3.1.4.1
one-third
one-third
one third of]

Note 1 to ent
Note 2 to ent

Note 3 to ent
octave (base

[SOURCE: D
3.1.4.2

one-third dctave (base 10)

decidecade]
ddec
one tenth of]

Note 1 to ent
which is sma

0 80000-8:2007, 8-16, modified]

bed sound power

r a specified time interval of sound power (3.1.3.14), W, divided by the d@iration of the
a specified frequency range

ry: If the surface completely encloses a sound source, and in the absence’ of absorption, the
hd power is equal to the average rate per unit time at which sound energy is radiated from the sd

arithmic frequency intervals

ctave
ctave (base 2)
an octave

Fy: The frequency ratio corresponding to a one=third octave is 21/3, or approximately 1,259 9.
Fy: One-third octave (base 2) bands are‘defined in ISO 13261-1.

'y: From the definition 1 oct =logy(2)'=1 (see ISO 80000-8:2007, 8-3.a), it follows that one one
2) (1/3 oct) is equal to 1/3, or approximately 0,333 33.

N 13320]

a decade

ry: Thefrequency ratio corresponding to a decidecade (1 ddec) is 100.1, or approximately 1,2
ler'than a one-third octave (base 2) by approximately 0,08 %.

time

time-
urce.

third

5809,

Note 2 to entry: The use of “one-third octave” to mean 1 ddecis permitted by IEC 61260-1 and ANSI/ASA S1.6-2016.

Note 3 to entry: From the definition 1 dec = logz(10) (see ISO 80000-8:2007, 8-3 b), it follows that one decidecade
(0,1 dec) is equal to 0,1 logz(10), or approximately 0,332 19.

Note 4 to entry: The symbol for one-third octave (base 10) is ddec. This symbol is not intended to be used as an
abbreviation.

10
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3.1.5 Other acoustical quantities

3.1.5.1
force impulse

JF

integral of a transient force, over a specified time interval or event, for a specified frequency range

+oo t
Note 1 to entry: In formula form, Jr = J F (t) dt orJp= J. °F (t)dt , where F(t) is the force, and the integral is
—o0 tl

taken either over the entire time-history, or between specified limits (as in the second integral above).

Note ZTo entry: rorce impulse 1Is expressed 1n units of newton second (NN s).

Note [3 to entry: Force impulse is a vector quantity. Spatial components of the force impulse iay'bq indicated by
assighing subscripts to the symbol. For example, in Cartesian coordinates, Jr = (Jix JEy JF2). By ¢onvention in
undefwater acoustics, the z axis is usually chosen to point vertically down from the sea sutface, with x and y axes
in the horizontal plane.

Note # to entry: The force impulse vector represents the total momentum transferred by the force duifing that time.
[SOURCE: Reference [35]]

3.1.9.2

pressure impulse
Jp
integral of a transient sound pressure (3.1.2.1), p(t), over aspecified time interval or event, for a specified
freqency range

+oo t
Note|l to entry: In formula form, ]p = J. p(t)dt oF ]p = J. 2 p(t)dt , Wwhere the integral is taken either over
t
1
the entire time-history, or between specified limits (as in the second integral above).
Note P to entry: Pressure impulse is expressed in units of pascal second (Pa s).

Note B to entry: If the sound pressure is non-negative over the entire interval of integration, the pregsure impulse
is referred to as “positive-pressuredimpulse”.

Note ¢ to entry: If the sound présstire is non-positive over the entire interval of integration, the magnitude of the
presqure impulse is referredto as “negative-pressure impulse”.

Note 5 to entry: Pressure impulse is a scalar quantity.

Note 6 to entry: Seealso force impulse (3.1.5.1).

3.1.5.3

sournld pressure variance
M2
varidnce of the sound pressure (3.1.2.1), p(t), over a specified time interval, 1 to t3, forl a specified
frequency range

1 t -2 -, .
Note 1 to entry: In formula form, u, = J z [p(t) - p} dt, where p is the mean sound pressure in the
t=t1 "1
same time interval.
Note 2 to entry: Sound pressure variance is expressed in units of pascal squared (Pa2).

Note 3 to entry: If the mean sound pressure is zero, the sound pressure variance is equal to the mean-square
sound pressure.
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3.1.54

sound pressure skewness

Y1

skewness of the sound pressure (3.1.2.1), p(t), over a specified time interval, t1 to tp, for a specified
frequency range

t _13 _

Note 1 to entry: In formula form, y; = 5 where p, = ! J. z [p(t) - p} dt and yp and p are the sound
iuZ / tz - tl tl

pressure variance (3.1.5.3) and mean sound pressure, respectively, in the same time interval.

3.1.5.5

sound prespure kurtosis

B

kurtosis of the sound pressure, p(t), over a specified time interval, t1 to ¢, for a specified frequency rjange
Hy 1 t _4 —

Note 1 to enfry: In formula form, 8 = —-, where u, = J [p(t) - p] dt and ppand p are the found
Hy t =t "0

pressure varignce (3.1.5.3) and mean sound pressure, respectively, in the same time interval.

Note 2 to ently: See Reference [28].

3.1.5.6

characterigtic acoustic impedance

characterigtic specific acoustic impedance

Ze

sound pressyre (3.1.2.1) divided by the component of the sound-particle velocity (3.1.2.10) in the direftion

of the wave propagation, at a point in a non-dissipative médium and for a plane progressive wave

Note 1 to entfy: In a fluid of density, p, and speed of sound, ¢;the characteristic acoustic impedance is equal fo the

product, pc.

Note 2 to ent

y: Characteristic acoustic impedaneeis’expressed in units of pascal second per metre (Pa s/nj).

—

[SOURCE: IS0 80000-8:2007, 8-19, modified]

3.1.5.7
specific acd
z
Fourier trary
velocity (3.1

ustic impedance

sform of sound pressure (3.1.2.1), P(f), divided by the Fourier transform of sound particle

2.10) in a given direction, U(f)
Fy: In formula form, z(f) = P(f)/U(f) = P(f) U*()/IU(f) U*(f)].

"y: Spegific acoustic impedance is expressed in units of pascal second per metre (Pa s/m).

Note 1 to ent

Note 2 to ent

Note 3 to entfy=See IEC 60050 (IEV 801-25-13) and ISO 80000-2:2009, 2-18.1, Fourier transform.

Note 4 to entry: Specific acoustic impedance can also be defined as the complex sound pressure, f)(t), defined as

the analytic representation of the sound pressure, divided by the complex sound particle velocity in a given
direction, ﬂ(t), defined as the analytic representation of the sound particle velocity. In formula form,

z:f)(t)/ﬂ(t). For a harmonic wave of amplitude, Fp, angular frequency, w, and wavenumber, k, i.e.

F(t):FO cos(kx—a)t+f), where ¢ is a constant phase, the analytic representation of F(t) is

F(t) = Fy exp(ikx —iot +i9).

Note 5 to entry: Specific acoustic impedance is a complex quantity whose magnitude equals the sound pressure
amplitude divided by the amplitude of a given sound particle velocity component, and whose phase equals the
sound pressure phase minus the phase of the given sound particle velocity component.
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3.1.5.8

signal

specified time-varying electric current, voltage, sound pressure (3.1.2.1), sound particle displacement
(3.1.2.9), or other field quantity of interest

3.1.5.9

noise

time-varying electric current, voltage, sound pressure (3.1.2.1), sound particle displacement (3.1.2.9), or
other field quantity except the signal (3.1.5.8) or signals

3.1.5.10

acoustie-selfnoise
soungl (3.1.1.1) at a receiver caused by the deployment, operation, or recovery of a spgcifjed receiver,
and its associated platform

3.1.5.11

ambjent noise
soungl (3.1.1.1) except acoustic self-noise (3.1.5.10) and except sound associdted with a specified signal
(3.1.5.8)

Note |l to entry: In the absence of a specified signal, ambient noise is all sound‘except acoustic self-noise.

Note P to entry: An example of a specified signal might be the echo frenta sonar target.
3.2 | Levels used in underwater acoustics

3.2.1 Levels of acoustical power quantities

3.2.1.1

meah-square sound pressure level
rootimean-square sound pressure level
sound pressure level

SPL

Lp'r

S
p
DEI:lECATED: mean-square,SPL
ten times the logarithm to_the base 10 of the ratio of the mean-square sound pressure (3..3.1) to the
specified reference value,pg?, in decibels

Note|l to entry: Mean-square sound pressure level is the level of the power quantity equal to the mean-square

soungl pressure, defoted p2 .In formula form, L, = 10 loglo(p2 /po?) dB.
Note P to entrys*Mean-square sound pressure level is expressed in decibels (dB).

Note B to entry: In underwater acoustics, the reference value of mean-square sound pressure, po?2, is 1 uPa2. The
referenee value shall he specified

Note 4 to entry: The averaging time and frequency range shall be specified.

Note 5 to entry: Mean-square sound pressure level can be written as the level of the field quantity root-mean-
square sound pressure, i.e. L, = 20 log1o( \/p72 /po) dB. The reference value of sound pressure is pg = 1 puPa.

Note 6 to entry: The abbreviation “mean-square SPL” is deprecated because in normal use of English this would
mean “mean-square value of SPL’, the meaning of which differs from the intended one, “level of the mean-square

sound pressure”.

Note 7 to entry: Weighted sound pressure level is defined in 3.7.
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3.2.1.2

mean-square sound particle displacement level

root-mean-square sound particle displacement level

sound particle displacement level

SDL

L6,rms

Ls

ten times the logarithm to the base 10 of the ratio of the mean-square sound particle displacement
(3.1.3.2) to the specified reference value, §p2, in decibels

Note 1 to entry: Mean-square sound particle displacement level is the level of the power quantity equal to the mean-

=

square magnjtude of the sound particle displacement, denoted 52 .In formula form, Ls = 10 logio( 52 /6027 dI
Note 2 to entfy: Mean-square sound particle displacement level is expressed in decibels (dB).

Note 3 to enfry: The reference value of mean-square sound particle displacement, &2, is 1 pm2) The refefence
value shall bg specified.

Note 4 to entfy: The averaging time and frequency range shall be specified.

3.2.1.3
mean-squafe sound particle velocity level
root-mean-square sound particle velocity level
sound partjcle velocity level

SVL
Lu,rms
Ly
ten times thle logarithm to the base 10 of the ratio of the mean-square sound particle velocity (3.1.3]3) to
the specified reference value, ug?, in decibels

Note 1 to entfry: Mean-square sound particle velocity level is the level of the power quantity equal to the mean-

square magnjtude of the sound particle velocity, dedoted u? . In formula form, Ly = 10 logio( u? Juo?) dB.
Note 2 to entfy: Mean-square sound particle velocity level is expressed in decibels (dB).

Note 3 to entfy: The reference value of méan-square sound particle velocity, ug?, is 1 (nm/s)2. The reference value
shall be specfified.

Note 4 to entfy: The averaging timeyand frequency range shall be specified.
[SOURCE: ANSI/ASA S1.1-2013, 3.23, modified]

3.2.1.4
mean-squafpe sound particle acceleration level
root-mean-square sound particle acceleration level
sound partjcle acceleration level

SAL
Lq
ten times the logarithm to the base 10 of the ratio of the mean-square sound particle acceleration (3.1.3.4)
to the specified reference value, ag?, in decibels

Note 1 to entry: Mean-square sound particle acceleration level is the level of the power quantity equal to the mean-

square magnitude of the sound particle acceleration, denoted a? . In formula form, Lq=101og10( a? /ap?) dB.
Note 2 to entry: Mean-square sound particle acceleration level is expressed in decibels (dB).

Note 3 to entry: The reference value of mean-square sound particle acceleration, ag?, is 1 um2/s4. The reference
value shall be specified.

Note 4 to entry: The averaging time and frequency range shall be specified.
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3.2.1.5

time-integrated squared sound pressure level

sound exposure level

sound pressure exposure level

SEL

Lgp

<underwater acoustics> ten times the logarithm to the base 10 of the ratio of the time-integrated
squared sound pressure (3.1.3.5), Ep, to the specified reference value, Ej o, in decibels

Note 1 to entry: Time-integrated squared sound pressure level is the level of the power quantity time-integrated
squared sound pressure, denoted Ep. In formula form, Lg,, = 10 log10(Ep/Ep,0) dB.

Note P to entry: Time-integrated squared sound pressure level is expressed in decibels (dB).

Note 3 to entry: In underwater acoustics, the reference value of time-integrated squared sdund prgssure, Ej, g, is
1 uP42 s. The reference value shall be specified.

Note { to entry: The time duration and frequency range shall be specified.
Note 5 to entry: This definition is in accordance with ISO 80000-8:2007, 8.
Note |6 to entry: In air acoustics, the sound exposure level may be a weighted quantity (see ISO/TR 25417).

3.2.1.6
time-integrated squared sound particle displacement level

Lgs
ten times the logarithm to the base 10 of the ratio_ofthe time-integrated squared sound particle
displicement (3.1.3.6), Es to the specified reference value, Es,o, in decibels

Note |l to entry: Time-integrated squared sound particle displacement level is the level of the power quantity
timedintegrated squared sound particle displacement, denoted Es. In formula form, Lg,s = 10 log10(Hs/Es,0) dB.

Note P to entry: Time-integrated squared sound'particle displacement level is expressed in decibelq (dB).

Note B to entry: The reference value of time-integrated squared sound particle displacement, Es o, i§ 1 pm?2 s. The
refergnce value shall be specified.

Note # to entry: The time duratiofi'and frequency range shall be specified.

3.2.1.7

time-integrated squared sound particle velocity level
LE,u
ten tjmes the logarithm to the base 10 of the ratio of the time-integrated squared sound particle velocity
(3.1.8.7), Ey, to thé specified reference value, Ej, o, in decibels

Note |l to entry? Time-integrated squared sound particle velocity level is the level of the power gpantity time-
integfated squared sound particle velocity, denoted Ey,. In formula form, Lg,;, = 10 log1o(Ey /Eu,0) dB

Note Rto entry: Timp-infpgrafpd cr}narnd sound pqrtir‘lp vplnr‘ify levelis pvprpccpd in decibels (H R)

Note 3 to entry: The reference value of time-integrated squared sound particle velocity, E}, o, is 1 (nm/s)2 s. The
reference value shall be specified.

Note 4 to entry: The time duration and frequency range shall be specified.

3.2.1.8
time-integrated squared sound particle acceleration level

LE,a
ten times the logarithm to the base 10 of the ratio of the time-integrated squared sound particle
acceleration (3.1.3.8), E,, to the specified reference value, Eg o, in decibels

Note 1 to entry: Time-integrated squared sound particle acceleration level is the level of the power quantity time-
integrated squared sound particle acceleration, denoted Ej. In formula form, Lg ¢ = 10 log10(Eq /E4,0) dB.
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Note 2 to entry: Time-integrated squared sound particle acceleration level is expressed in decibels (dB).

Note 3 to entry: The reference value of time-integrated squared sound particle acceleration, E, o, is 1 (Lm/s2)2 s.
The reference value shall be specified.

Note 4 to entry: The time duration and frequency range shall be specified.

3.2.19

sound exposure spectral density level

Lgf

ten times the logarithm to the base 10 of the ratio of the sound exposure spectral density (3.1.3.9), Ef, to
the specified reference value, Erq, in decibels

Note 1 to entfy: Sound exposure spectral density level is the level of the power quantity sound exposuré.spéctral
density, denofted Ef. In formula form, Lg,r= 10 log1o(Ef /Efo) dB.

Note 2 to entfy: Sound exposure spectral density level is expressed in decibels (dB).

Note 3 to entry: In underwater acoustics, the reference value of sound exposure spéctral density, Hso, is
1 uPa2 s/Hz. [[he reference value shall be specified.

Note 4 to entry: If the operational form of the definition of sound exposure spectral density is used, the time
duration and|frequency range shall be specified.

3.2.1.10
mean-squafre sound pressure spectral density level
Lpf
ten times the logarithm to the base 10 of the ratio of the mean-square sound pressure spectral ddnsity

3.1.3.13), 2 , to the specified reference value, 2 ,1n decibels
P p p
f f.,0

Note 1 to enfry: Mean-square sound pressure spectral defisity level is the level of the power quantity mean-

square sound pressure spectral density, denoted (pz J . In formula form, Ly = 10log,, [[pz J /(p2 J ] dB.
f f f,0

Note 2 to entfy: Mean-square sound pressure spectral density level is expressed in decibels (dB).
Note 3 to enfry: In underwater acoustic§, the reference value of mean-square sound pressure spectral defnsity,

(pz J ,is 1 uPa2/Hz. The referenceyvalue shall be specified.
f,0

Note 4 to entty: If the operatiohal form of the definition of mean-square sound pressure spectral density isfused,
the averaging time and freguency range shall be specified.

3.2.2 Levels of acoustical field quantities

3.2.21
zero-to-pegkSound pressure level
peak sound pressure level

LP:O'pk

p,pk
DEPRECATED: peak SPL
twenty times the logarithm to the base 10 of the ratio of the zero-to-peak sound pressure (3.1.2.3), ppk, to
the specified reference value, py, in decibels

Note 1 to entry: Zero-to-peak sound pressure level is the level of the field quantity zero-to-peak sound pressure,
denoted ppk. In formula form, Lp pk = 20 log10(ppk/po) dB.

Note 2 to entry: Zero-to-peak sound pressure level is expressed in decibels (dB).

Note 3 to entry: In underwater acoustics, the reference value of zero-to-peak sound pressure, po, is 1 uPa. The
reference value shall be specified.
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Note 4 to entry: The time interval and frequency range shall be specified.

Note 5 to entry: The abbreviation “peak SPL” is deprecated because in normal use of English, this would mean
“peak value of SPL’, the meaning of which differs from the intended one, “level of the peak sound pressure”.

[SOURCE: ISO/TR 25417:2007, 2.5, modified]

3.2.2.2

peak compressional sound pressure level

Lp,pk,c

twenty times the logarithm to the base 10 of the ratio of the peak compressional sound pressure, ppk ¢, to
the specified reference value, pg, in decibels

Note |l to entry: Peak compressional sound pressure level is the level of the field quantity péak*qompressional
sound pressure, denoted ppk,c. In formula form, Ly pk,c = 20 log10(ppk,c/po) dB.

Note P to entry: Peak compressional sound pressure level is expressed in decibels (dB).

Note B to entry: In underwater acoustics, the reference value of peak compressiondksound pressurg, po, is 1 pPa.
The rleference value shall be specified.

Note { to entry: The time interval and frequency range shall be specified.

3.2.2.3
peak rarefactional sound pressure level

Lp,pk
p,pKjr

twenty times the logarithm to the base 10 of the ratio of‘the peak rarefactional sound presgure, ppk r, to

the specified reference value, pg, in decibels

Note |l to entry: Peak rarefactional sound pressure levelis the level of the field quantity peak rarefagtional sound
presdure, denoted ppk r~ In formula form, Ly pk - = 20.16810(ppk,r/po) dB.

Note 2 to entry: Peak rarefactional sound pressureé level is expressed in decibels (dB).

Note |3 to entry: In underwater acoustics,the’reference value of peak rarefactional sound pressurg, po, is 1 pPa.
The reference value shall be specified.

Note { to entry: The time interval-and frequency range shall be specified.
3.3 | Terms for properties of underwater sound sources

3.3.1 Source wavefoerms and factors

3.3.1.1

acoustic farfield
spatial region in a uniform medium where the direct-path field amplitude, compensated fof absorption
loss, vafies inversely with range

Note 1 to entry: In the acoustic far field, sound pressure and sound particle velocity are substantially in phase.
Note 2 to entry: Common engineering practice is to identify the distance from the source that is equal to or
exceeds T times the square of the largest dimension of the source divided by the acoustic wavelength as the far
field region.

Note 3 to entry: The ranges are all taken along a given direct path between the source and the receiver.

Note 4 to entry: The inverse dependence on range does not imply that the source radiates equally in all directions.

Note 5 to entry: See Reference [30].

3.3.1.2
far-field sound pressure
sound pressure (3.1.2.1) in the acoustic far field (3.3.1.1) of a sound source
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acoustic centre
point from which outgoing wavefronts appear to diverge in the acoustic far field (3.3.1.1), under free-

field conditi

ons

Note 1 to entry: The position of the acoustic centre generally depends on frequency.

Note 2 to entry: Directional sources have a different acoustic centre, in general, for each spherical harmonic
component of the radiation field (monopole, dipole, etc.). An alternative definition involves assigning each
radiation direction two acoustic centres, one for amplitude and one for phase.

[SOURCE: Reference [35]]

3.3.1.4
source way
s

product of d
the delayed

eform

istance in a specified direction, r, from the acoustic centre (3.3.1.3) of a souhd sourcg
far-field sound pressure (3.3.1.2), p(t - to + r/c), for a specified time origin ¢, if placed

hypothetical infinite uniform lossless medium of the same density and sound speed, c, as the a

medium at
actual sourd

Note 1 to ent
s(t), where s

Note 2 to ent

the location of the source, with identical motion of all acoustically:active surfaces a
e in the actual medium

'y: Source waveform is a function of time, which may be indicated<by means of an argument ¢,
s source waveform and ¢ is time.

(y: In formula form, s(t - to) = r p(t - to + r/c). Substitution oftp = r/c in this formula and rearra

for p results fn the more familiar expression p(t) = s(t - r/c)/r.

Note 3 to ent

Note 4 to ent]
waveform is

Note 5 to ent

Note 6 to ent
unless stated

Note 7 to ent]
to the sound
expressed in
waveform is

Fy: Source waveform is expressed in units of pascal metre (Pa m).

ry: Evaluating the far-field sound pressure at the'delayed time, t - tg + r/c, ensures that the s
ndependent of the precise distance, r, in the-acoustic far-field.

y: The hypothetical medium is unbounded in all directions.

"y: For a directional sound source.such as a sonar projector, the direction is that of the principg
otherwise.

ry: The numerical value of the source waveform, when expressed in units of pascal metre, is
pressure that would exist at a distance of 1 m from a hypothetical point monopole source,
pascals, if placed inhe’same hypothetical infinite uniform lossless medium for which the s
defined, and if the.source waveform of the hypothetical point source is equal to that of thg

source waveform in the specified direction. For this reason, it is common to use this hypothetical sound pre

as an alterna
at one metre
pascal (Pa) d
specified dirq

ive metric tothe source waveform. This alternative metric is typically cited in units of “microg
", often abbreviated “pPa @ 1 m”. As a pressure, the correct unit for this alternative metric

r micropascal (uPa). The properties of the hypothetical point monopole source depend o
pction

3.3.1.5

b and
lin a
ctual
s the

asin

nging

purce

| axis

equal
when
burce

true
ssure
ascal
s the
n the

sound exposure source factor
energy source factor

Fs g

product of the square of the distance from the acoustic centre (3.3.1.3) of a source, in a specified
direction, r2, and time-integrated squared sound pressure (3.1.3.5) in the acoustic far field (3.3.1.1) at that
distance, Ep(r), of a sound source, if placed in a hypothetical infinite uniform lossless medium of the
same density and sound speed as the real medium at the location of the source, with identical motion of
all acoustically active surfaces as the true source in the true medium

Note 1 to entry: In formula form, Fs g = r2 Ej(r).
Note 2 to entry: Energy source factor is expressed in units of pascal squared metre squared second (PaZ m2 s).

Note 3 to entry: The frequency range shall be specified.
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4 to entry: The value of the energy source factor is independent of the distance, r.
5 to entry: Energy source factor is a property of a transient sound source.

6 to entry: The integration time for the exposure is the entire duration of the received pulse.

Note 7 to entry: The use of “energy” in the name of this term implies a quantity proportional to the time-

integ

Note

rated squared sound pressure.

8 to entry: The hypothetical medium is unbounded in all directions.

Note 9 to entry: For a directional sound source such as a sonar projector, the direction is that of the principal axis

unle

Note
chan

Note

metr
Imf
hypo
sourq
direc

ot 41
S-StactCtr ottt v IStT

10 to entry: The distance can be specified from points in the source other than the acoustic cg
ring the value of the energy source factor.

11 to entry: The numerical value of the energy source factor, when expressed inunits of p4d
b squared second, is equal to the time-integrated squared sound pressure thatyould exist at
"om a hypothetical point monopole source, when expressed in units of pascal squared, if place
Fhetical infinite uniform lossless medium for which the energy source factor is defined, and
e factor of the hypothetical point source is equal to that of the true ehergy source factor in
tion. For this reason, it is common to use this hypothetical time-integrated squared sound p

alternative metric to the energy source factor. This alternative metricds typically cited in units of

squal
corrg

ed second at one metre”, often abbreviated “uPa2 s @ 1 m”, As)a time-integrated squared

ntre without

scal squared
a distance of
d in the same
if the energy
the specified
ressure as an
“micropascal
pressure, the

ct unit for this alternative metric is the pascal squared setond (PaZ2 s) or micropascal sqyiared second

n.

bnse that the
rce.

a specified

ame density
acoustically

(nPa% s). The properties of the hypothetical point monopole source depend on the specified directid
Note |12 to entry: The real medium around the source is assumed to be locally uniform in the s
chardcteristic acoustic impedance (3.1.5.6) of this medium'is independent of position around the sou
3.3.1.6

sourjce factor

Fs

product of the square of the distance . fvom the acoustic centre (3.3.1.3) of a source, in|
direqgtion, r2, and mean-square sound(pyessure (3.1.3.1) in the acoustic far field (3.3.1.1) at that distance,
p2 , of a sound source, if placed i a hypothetical infinite uniform lossless medium of the s
and Jound speed as the real medium at the location of the source, with identical motion of all
active surfaces as the true-soutce in the true medium

Note[l to entry: In formwla form, Fs = r2 p2 (r).

Note |2 to entry: Source factor is expressed in units of pascal squared metre squared (PaZ m2).

Note B to entry:*The time interval and frequency range shall be specified.

Note @ t0 entry: The value of the source factor is independent of the distance, r.

Note 5 to entry: Source factor is a property of a statistically stationary sound source.

Note 6 to entry: The hypothetical medium is unbounded in all directions.

Note 7 to entry: The distance can be specified from points in the source other than the acoustic centre without
changing the value of the source factor.

Note 8 to entry: For a directional sound source such as a sonar projector, the direction is that of the principal axis
unless stated otherwise.
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Note 9 to entry: The numerical value of the square root of the source factor, when expressed in units of pascal
metre, is equal to the root-mean-square sound pressure that would exist at a distance of 1 m from a hypothetical
point monopole source, when expressed in pascals, if placed in the same hypothetical infinite uniform lossless
medium for which the source factor is defined, and if the source factor of the hypothetical point source is equal to
that of the true source factor in the specified direction. For this reason, it is common to use this hypothetical root-
mean-square sound pressure as an alternative metric to the source factor. This alternative metric is typically
cited in units of “micropascal at one metre”, often abbreviated “uPa @ 1 m”. As a pressure, the correct unit for
this alternative metric is the pascal (Pa) or micropascal (uPa). The properties of the hypothetical point monopole
source depend on the specified direction.

Note 10 to entry: The real medium around the source is assumed to be locally uniform in the sense that the

characteristic acoustic impedance (3.1.5.6) of this medium is independent of position around the source.

3.3.1.7
surface-affected source waveform
far-field signature

14
s
product of distance in a specified direction, r, from the acoustic centre (3.3.1.3) of aisound sourcg¢ and
its sea surface-reflected image and the delayed far-field sound pressure (3.3.1.2), p{t - to + r/c), for a
specified timne origin, tp, if placed in a hypothetical semi-infinite uniform lossless’'medium of the same
density and|sound speed, c, as the actual medium at the location of the source; with identical motion of
all acousticglly active surfaces as the actual source in the actual medium, where ¢ is time
Note 1 to entfry: Surface-affected source waveform is a function of time, whichy may be indicated by means|of an
argument ¢, as in s'(t), where s’ is surface-affected source waveform and ¢ is¢ime.
Note 2 to entfy: In formula form, s'(t - to) = r p(t - to + r/c). Substitution'of to = r/c in this formula and rearrapging
for p results in the more familiar expression p(t) = s'(t - r/c)/r.
Note 3 to entfy: Surface-affected source waveform is expressediin units of pascal metre (Pa m).
Note 4 to ent}y: Evaluating the far-field sound pressure at the delayed time, t - tp + r/c, ensures that the surface-
affected sourlce waveform is independent of the precise distance, r, in the acoustic far field (3.3.1.1).
Note 5 to entfy: The acoustic centre is a point onrorclose to the sea surface.
Note 6 to ently: The surface-affected source'waveform is a function of elevation angle. It can also be a functjon of
azimuth angle.
Note 7 to entfy: The presence of the,seaSurface means that the acoustic far field is the sum of two contribufions:
a direct pathjand a surface-reflectedypath. The contribution from the surface-reflected path, sometimes referred
to as a “ghost” is usually assumed\to undergo a T phase shift at the sea surface.
Note 8 to ent}y: The preserice’of the sea surface can influence the behaviour of the source.
Note 9 to entry: The-Concept of surface-affected source waveform is valid for low frequency sound, such that
perfect specilar reflection occurs at the sea surface reflection. A typical criterion might be for the prodfict of
acoustic wavg number and root-mean-square surface wave height to be much less than unity.

Note 10 to en

Ty. 11e origins of tme and range sioutd be clearty stated.

Note 11 to entry: The synonym “far-field signature” is most commonly used to characterize sound sources used

for reflection

3.3.1.8

seismology.

source spectrum

S

Fourier transform of the source waveform (3.3.1.4)

Note 1 to entry: Source spectrum is a function of frequency, which may be indicated by means of an argument f,
as in S(f), where S is source spectrum and fis frequency.

20
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o0
Note 2 to entry: In formula form, S (f) = .[_m exp(—Znift) s(t) dt. If S(f) is known, s(t) can be calculated using

the inverse Fourier transform s (t) = Jj: exp(+2nift) S(f) df- See ISO 80000-2.

Note 3 to entry: The source spectrum is expressed in units of pascal metre per hertz (Pa m/Hz).

Note 4 to entry: In general, S(f) is a complex function of frequency.

Note 5 to entry: The numerical value of the source spectrum, when expressed in units of pascal metre per hertz,
is equal to the sound pressure spectrum (3.1.2.2) that would exist at a distance of 1 m from a hypothetical point

monopole source, when expressed in pascals, if placed in the same hypothetical infinite uniform lossless medium
for w{uch the source spectrum is defined, and if the source spectrum of the hypothetical point souice is equal to

that ¢f the true source spectrum in the specified direction. For this reason, it is common to usejthis|hypothetical
soungl pressure spectrum as an alternative metric to the source spectrum. This alternatiye\metric is typically
cited|in units of “micropascal per hertz at one metre”, often abbreviated “uPa/Hz @ 1 m”. As‘alpressyre spectrum,
the correct unit for this alternative metric is the pascal per hertz (Pa/Hz) or micropascalper hertz ([uPa/Hz). The
propé¢rties of the hypothetical point monopole source depend on the specified direction:

Note |6 to entry: Source spectrum is used in reflection seismology.

3.3.19

surface-affected source spectrum
SI
Fourfer transform of the surface-affected source waveform (3.3717)

Note [l to entry: Surface-affected source spectrum is a functiofvefifrequency, which may be indicatefl by means of
an argument f, as in S'(f), where S’ is surface-affected sourcesspectrum and fis frequency.

oo
Note P to entry: In formula form, S (f) = j exp(—2 nift) s'(t) dt. If S'(f) is known, s'(¢) can be calfulated using

oo
the ijverse Fourier transform s'(t) = I exp (+2 nift) S'(f) df: See 1SO 80000-2.
Note B to entry: The surface-affected source:spectrum is expressed in units of pascal metre per herfz (Pa m/Hz).

Note|4 to entry: The surface-affected.source spectrum depends on elevation angle. It can algo depend on
azimyith angle.

Note [5 to entry: The concept ofsurface-affected source spectrum is valid for low frequency sound, such that
perfect specular reflection 'occurs at the sea surface reflection. A typical criterion might be for the product of
acougtic wave number androot-mean-square surface wave height to be much less than unity.

Note |6 to entry: In general, S'(f) is a complex function of frequency.

3.3.2 Sourcelevels

3.3.21
sourjcelevel
SL

Ls

ten times the logarithm to the base 10 of the ratio of the source factor (3.3.1.6), Fs, to the specified
reference value, Fs o, in decibels

Note 1 to entry: Source level is the level of the power quantity source factor, denoted Fs. In formula form,
Ls = 10log10(Fs/Fs,0) dB, where Fs g =1 uPa2 m2,

Note 2 to entry: Source level is expressed in decibels (dB).
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Note 3 to entry: The source level in a specified direction is equal to the mean-square sound pressure level (3.2.1.1)
at a distance of 1 m from a hypothetical point source, placed in the (hypothetical) infinite uniform lossless
medium used to define the source factor, and with the same source factor for the specified direction as the
true source. This equality has led to the widespread practice of citing source level with a reference value of “1
uPa @ 1 m”. According to this document, the reference value for source level is Fs o = 1 pPa2 m2. The reference

value shall be specified.

Note 4 to entry: The time interval and frequency range shall be specified.

Note 5 to entry: Source level can be written as the level of the field quantity root source factor, i.e.

Ls=20log1o

‘/E / .|F< » ) dB. The reference value of root source factor is 1 uPa m.

Note 6 to ent

Note 7 to ent
unless stated

Note 8 to ent]
square sound

Note 9 to ent
moving surfg

Fy: Source level is a property of a statistically stationary sound source.

y: For a directional sound source such as a sonar projector, the direction is that of the principg
otherwise.

ry: The source level can be determined by adding propagation loss (3.4.1.4) to-thé measured 1
pressure level.

ry: Source level is a property of an underwater sound source that is determined by the motion
ces. If sound is scattered from an otherwise passive underwater objéct, the “motion” referred

the definition of source factor refers to the motion relative to that of the incident field, i.e. relative to the 4

particle moti
equation (3.6

pn that would have existed in the absence of the scattering object In the context of the active
.2.11), the definition of “source level” applies to objects that seatter sound in this way. For a

wave incidenlt on the object from direction 6;, whose mean-square sound pressure level is Lp, the source le

the direction

3.3.2.2
sound expd
energy sou
ESL

Ls kg

ten times th
the specifie

Note 1 to enf
denoted, Fs f|

Note 2 to ent

Note 3 to ent]
sound pressu
infinite unifd
exposure sou
practice of cif
value for sou

3.6.2.8) of the objed

05 is given by Lg(0s) = Lp(0i) + N1s(0;, 0s), where Nts is the target strength (

sure source level
rce level

e logarithm to the base 10 of the ratio of the sound exposure source factor (3.3.1.5), F]
| reference value, Fs g, in decibels

ry: Sound exposure source(level is the level of the power quantity sound exposure source f]
In formula form, Ls = 10 1eg10(Fs,£/Fs,E,0) dB, where Fs,go=1 pPa2 mZs.

Fy: Sound exposure source level is expressed in decibels (dB).

ry: The sound eXposure source level in a specified direction is equal to the time-integrated sq
e level (3.2.15)-at a distance of 1 m from a hypothetical point source, placed in the (hypothg
rm lossless\imedium used to define the sound exposure source factor, and with the same g
rce facter.for the specified direction as the true source. This equality has led to the wides
ing squrce level with a reference value of “1 pPa2 s @ 1 m”. According to this document, the refe
cedevel is Fs g0 =1 pPa2 m2 s. The reference value shall be specified.
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Note 4 to entry: The frequency range shall be specified.

Note 5 to entry: Sound exposure source level is a property of a transient sound source.

Note 6 to entry: The integration time for the exposure is the entire duration of the received pulse.

Note 7 to entry: For a directional sound source such as a sonar projector, the direction is that of the principal axis
unless stated otherwise.

Note 8 to entry: The sound exposure source level can be determined by adding sound exposure propagation loss
(3.4.1.5) to the measured time-integrated squared sound pressure level.

Note 9 to entry: The use of “energy” in the name of this term implies the level of a quantity proportional to the
time-integrated squared sound pressure (3.1.3.5).
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3.4 Terms related to propagation and scattering of underwater sound

3.4.1 Propagation

34.1.1

propagation factor

Fp

mean-square sound pressure (3.1.3.1) divided by the source factor (3.3.1.6) in a specified direction

Note 1 to entry: Propagation factor is expressed in units of reciprocal metre squared (m-2).

—Npp, (10 dB)

Note |2 to entry: Propagation factor is equal to 10 m-2, where Npy, is the propagationdgs} (3.4.1.4).

Note B to entry: The time interval and frequency range shall be specified.
Note {4 to entry: Propagation factor applies to a statistically stationary sound source.

3.4.1.2

sound exposure propagation factor
enerjgy propagation factor

Fg
timelintegrated squared sound pressure (3.1.3.5) divided by the seund exposure source factoy (3.3.1.5) in
a spdcified direction

Note [l to entry: Sound exposure propagation factor is expressediiti units of reciprocal metre squar¢d (m-2).

-N 10dB
Note [2 to entry: Sound exposure propagation factor is equal to 10 = PLE / )

expodure propagation loss (3.4.1.5).

m-2, where NpL j is the sound

Note B to entry: The frequency range shall be specified.
Note { to entry: The integration time for the ekposure is the entire duration of the received pulse.
Note  to entry: Sound exposure propagation factor applies to a transient source.

Note |6 to entry: The use of “energy’in the name of this term implies a ratio of two quantities propofrtional to the
time-integrated squared sound-pressure.

3.4.1.3
transmission loss
TL
ALty
reduftion in a. specified level between two specified points x1, x that are within an Junderwater
acouptic field

Note [l t6 entry: In formula form, ALt} = L(x1) - L(x2), where L(x) is the specified level at position x. Bly convention,
x1 is ¢hosen to be closer to the source of sound than x, such that transmission loss is usually a positive quantity.

Note 2 to entry: Transmission loss is expressed in decibels (dB).
Note 3 to entry: The averaging time and frequency range shall be specified.

Note 4 to entry: Examples of levels that might be specified include mean-square sound pressure level (3.2.1.1) and
sound intensity level.

Note 5 to entry: The characteristic concerned (such as mean-square sound pressure level) shall be clearly
identified because in all transmission systems more than one characteristic is propagated.

Note 6 to entry: The term “transmission loss” is sometimes used as a synonym of propagation loss (3.4.1.4). This
use is deprecated.

[SOURCE: ANSI/ASA S1.1-2013, 5.35, modified]
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propagation loss

PL
Npr,

difference between source level (3.3.2.1) in a specified direction, Ls, and mean-square sound pressure

level (3.2.1.1

), Lp(x), at a specified position, x

Note 1 to entry: In formula form, Npy(x) = Ls - Lp(x).

Note 2 to entry: Propagation loss is expressed in decibels (dB).

Note 3 to ent

ry: The reference value for propagation loss is 1 m2, The reference value shall be specified

Note 4 to ent
Note 5 to ent
Note 6 to ent

Note 7 to ent
use is deprec

3.4.1.5
sound expd
energy pro
EPL

NpL,E

differenceb
squared sou
Note 1 to ent
Note 2 to ent
Note 3 to ent
of sound expd|
The referenc
Note 4 to ent
Note 5 to ent
Note 6 to ent

Note 7 to en
exposure proj

3.4.2 Scaf

Fy: The averaging time and frequency range shall be specified.

y: Propagation loss applies to a statistically stationary sound source.

ry: The term “propagation loss” is sometimes used as a synonym of transmission loss (3.4.1.3)
pted.

sure propagation loss
pagation loss

ptween sound exposure source level (3.3.2.2) in a specified direction, Ls g, and time-integ
nd pressure level (3.2.1.5), Lgp(X), at a specified position, x

Fy: In formula form, Npy, g(X) = Ls g - Lg,p(X).

Fy: Sound exposure propagation loss is expréssed in decibels (dB).

'y: The reference value for energy propagation loss, Sg0/Eo, is 1 m2. Here Sg is the reference
sure source factor (3.3.1.5) and Eo.is'the reference value of time-integrated squared sound prej
e value of energy propagation loss shall be specified.

"y: The frequency range shallbe specified.

Fy: The integration time-for the exposure is the entire duration of the received pulse.

Fy: Sound exposture-propagation loss applies to a transient sound source.

Lry: Sound Exposure propagation loss is equal to 10 logio(Fg1/1 m2) dB, where Ff is the
bagationfactor (3.4.1.2).

[tering

Fy: Propagation loss is equal to 10log1o[Fp~1/(1 m2)] dB, where Fp is the propagation factor (3.4.1.1

rated

value
sure.

bound

3.4.2.1

differential scattering cross section

0]

quotient of the ensemble-average of the free-field time-averaged sound power (3.1.3.15) radiated per
unit solid angle in a specified direction in the far field of the scattered field by the magnitude of the
time-averaged sound intensity (3.1.3.11) of the incident field, for an incident plane wave and specified
continuous incident signal

Note 1 to entry: Differential scattering cross section is expressed in units of metre squared per steradian (m2/sr).

Note 2 to entry: Differential scattering cross section is equal to the squared magnitude of the form function.
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Note 3 to entry: Differential scattering cross section is a bistatic quantity depending on the incident (6;) and
scattering (6s) elevation angles and the incident (¢;) and scattering (¢s) horizontal azimuthal angles. This angle-
dependence may be indicated by means of its arguments, as in oq (i, ¢i; Os, Ps).

Note 4 to entry: A related term, known as the “backscattering cross section”, is defined by some authors as og,o
(see Reference [25]) and by others as 470 , , (see Reference [36]), where the zero subscript indicates evaluation

in the backscattering direction such that 0,0(6i, i) = 0q (6i, @i; 6i, ¢i). The pertinent American national standard
[ANSI (2013)] defines backscattering cross section as 4no g, -

3.4.2.2
total scattering cross section

Ot
diffetrential scattering cross section (3.4.2.1), oq, of an object, integrated over all solid angles yith respect
to the scattering direction

Note [l to entry: In formula form, o+(6;, ¢i) = C-ﬁ4 o (91 9;56,,9, )dQS ,where 6;and 6, arejincident and scattering
T

elevafion angles, and ¢; and ¢s the incident and scattering horizontal azimuthal angles; respectively} The integral
is over all scattered solid angle elements d (2.

Note 2 to entry: Total scattering cross section is expressed in units of metre squared (m2).

Note |3 to entry: Total scattering cross section depends on the incident’elevation (6;) and horizongal azimuthal
(i) angles. This angle-dependence may be indicated by means of its.arguments, as in o¢(6;, ¢;).

[SOURCE: ANSI/ASA S1.1-2013, 5.49, modified]

3.4.3.3

absarption cross section
Oa
quotjent of the ensemble-average of the free-field time-averaged rate at which sound energyl|is converted
to heat by the time-averaged sound intensity«(3.1.3.11) of the incident field, for an incident plane wave

Note [l to entry: Absorption cross section is\expressed in units of metre squared (m?2).

3.4.3.4

extinction cross section
Oe
quotjent of the mean rate-of“work done on a scatterer by the magnitude of the time-avefaged sound
intenfsity (3.1.3.11) of theinc¢ident field, for an incident plane wave

Note [l to entry: Extinction cross section is expressed in units of metre squared (m?2).

Note 2 to entry: The extinction cross section is equal to the sum of the total scattering cross section|(3.4.2.2) and
the apsorptionksross section (3.4.2.3), i.e. 0c = 0t + 03.

3.4.3.5

volumedifferential scattering cross section per unit volume
Ov

quotient of the ensemble-average of the free-field time-averaged sound power (3.1.3.15) radiated per
unit solid angle in a specified direction in the far field of the scattered field per unit volume of water by
the time-averaged sound intensity (3.1.3.11) of the incident field, for an incident plane wave

Note 1 to entry: Volume differential scattering cross section per unit volume is expressed in units of reciprocal
metre reciprocal steradian (m-1 sr-1).

Note 2 to entry: Volume differential scattering cross section per unit volume is a bistatic quantity depending on

the incident (6;) and scattering (6s) elevation angles and the incident (¢;) and scattering (¢s) horizontal azimuthal
angles. This angle-dependence may be indicated by means of its arguments, as in oy (6i, ¢i; 6s, Ps).
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3.4.2.6

sea surface differential scattering cross section per unit area

Os

ratio of the ensemble-average of the free-field time-averaged sound power (3.1.3.15) radiated per unit
solid angle in a specified direction in the far field of the scattered field per unit area of sea surface to the
time-averaged sound intensity (3.1.3.11) of the incident field, for an incident plane wave

Note 1 to entry: Sea surface differential scattering cross section per unit area is expressed in units of reciprocal
steradian (sr-1).

Note 2 to entry: Both the incident and scattered fields are understood to be in the water.

Note 3 to entfy: Sea surface differential scattering cross section per unit area is a bistatic quantity dependihg on
the incident (P;) and scattering (6s) elevation angles and the incident (¢;) and scattering (¢s) horizontal.azimuthal
angles. This gngle-dependence may be indicated by means of its arguments, as in os (8y, ¢i; 6s, ¢s).

3.4.2.7
sea bottom|differential scattering cross section per unit area
Op
ratio of the lensemble-average of the free-field time-averaged sound power (3.13.15) radiated per| unit
solid angle ih a specified direction in the far field of the scattered field per unitarea of sea bottom tp the
time-averaged sound intensity (3.1.3.11) of the incident field, for an incident@lane wave

Note 1 to entfy: Sea bottom differential scattering cross section per unit aréa_is expressed in units of recifrocal
steradian (srf1).

Note 2 to entfy: Both the incident and scattered fields are understood te be in the water.

Note 3 to entfy: Sea bottom differential scattering cross section,per unit area is a bistatic quantity depending on
the incident (P;) and scattering (6s) elevation angles and the incident (¢;) and scattering (¢s) horizontal azimuthal
angles. This gngle-dependence may be indicated by means.ofits arguments, as in oy, (65, ¢i; Os, Ps)-

3.4.2.8
volume scagtering strength
Sv
ten times thie logarithm to the base 10 of the ratio of the volume differential scattering cross sectiop per
unit volume [3.4.2.5) to the reference ydlue, oy,o, in decibels

o
Note 1 to entfy: In formula form, S.{ = 10log,, ——dB.
c
v,0
Note 2 to entfy: Volume scattering strength is expressed in decibels (dB).

Note 3 to eptry: The reference value of volume differential scattering cross section per unit volujne is

0,0=1 m~Ysr™! . Theteference value shall be specified.

(Os) elevation| arigles and the incident (¢;) and scattering (¢s) horizontal azimuthal angles. This angle-depenglence
may be indicated by means of its arguments, as in Sy (65, ¢i; Os, @s).

Note 4 to enljry: Volume scattering strength is a bistatic quantity depending on the incident (6;) and scatlﬁering

3.4.2.9

sea surface scattering strength

Ss

ten times the logarithm to the base 10 of the ratio of the sea surface differential scattering cross section
per unit area (3.4.2.6) to the reference value, o5, in decibels

o
Note 1 to entry: In formula form, S_ = 10log,, ——dB.
o
s,0
Note 2 to entry: Sea surface scattering strength is expressed in decibels (dB).
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Note 3 to entry: The reference value of sea surface differential scattering cross section per unit area is

0.0=1 sr™L. The reference value shall be specified.

Note 4 to entry: Sea surface scattering strength is a bistatic quantity depending on the incident (6;) and scattering
(0s) elevation angles and the incident (¢;) and scattering (¢s) horizontal azimuthal angles. This angle-dependence
may be indicated by means of its arguments, as in Ss (6, ¢i; s, Ps).

3.4.2.10

sea bottom scattering strength

Sb

ten times the logarithm to the base 10 of the ratio of the sea bottom differential scattering cross section

. L3 4.2 7\ 4 d=l £, 1 . 1 +1 1
per upmturea (o727 ) tO tiTc TTICTeTe Valuce, Up, [, 11T UCTIDTTS

o
Note |l to entry: In formula form, S, = 10log,, —b gB.
o
b,0
Note P to entry: Sea bottom scattering strength is expressed in decibels (dB).

Note|3 to entry: The reference value of sea bottom differential scattering-eross section per|unit area is
oLoF1 st . The reference value shall be specified.

Note [} to entry: Sea bottom scattering strength is a bistatic quantity deperding on the incident (6;) and scattering
(6s) elevation angles and the incident (¢;) and scattering (¢s) horizontal'‘azimuthal angles. This angl¢-dependence
may e indicated by means of its arguments, as in Sp (05, ¢i; Os, Ps).

3.5 | Terms for properties of underwater sound signals

3.5.1 Sound signals

3.5.1.1
analytic signal

q
complex quantity whose real partis equal to the signal (3.1.5.8), p(f), and whose imaginary part is equal

to the Hilbert transform of p(t)

Note |l to entry: Analytic signal is@function of time, which may be indicated by means of an argumept ¢, as in q(t),
wherf q is analytic signal and tisjtime.

Note 2 to entry: In formulaform, the analytic signal, q(t), of a signal, p(t), is given by q(¢t) = p(t) + i h(t), where h(t)
is thg Hilbert transforntefp(t).

Note B to entry: If the-signal, p(t), is sound pressure (3.1.2.1), the analytic signal is expressed in pascpls (Pa).

3.5.1.2

complex envelope
u
productiof the analytic signal (3 5.1.1) qg(#), and the exponential function of the product of the constant
-2Ti, a constant frequency, fo, and the time, ¢

Note 1 to entry: Complex envelope is a function of time, which may be indicated by means of an argument ¢, as in
u(t), where u is complex envelope and t is time.

Note 2 to entry: In formula form, u (t) =q (t) exp(—ZnifOt) .

Note 3 to entry: If q(t) is the analytic signal of the sound pressure (3.1.2.1), the complex envelope is expressed in
pascals (Pa).

Note 4 to entry: For a narrowband signal, the quantity fj is typically the centre frequency of that signal.
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effective signal duration

Teff

square of the integral with respect to time of |u(t)|2 divided by the integral with respect to time of
|u(t)|4, where u(t) is the complex envelope (3.5.1.2) of the sound pressure (3.1.2.1)

Note 1 to entry: In formula form, 7 g =

+oo

U ‘u(t)‘z dt}2

[t

—oo

Note 2 to ent
Note 3 to ent
Note 4 to ent
[SOURCE: R

3.5.1.4
threshold e

Ty dB
time during
decibels bel

Note 1 to ent

Note 2 to en
duration is m
the last one W

Note 3 to ent
[SOURCE: R

3.5.1.5
percentage

Tx %
time during
starting at (
Note 1 to ent
Note 2 to ent

[SOURCE: R

ry: Effective signal duration is expressed in seconds (s).

Fy: Effective signal duration is a property of a transient signal.

pference [24]]

xceedance signal duration

bw the maximum SPL, for a specified averaging time

'y: Threshold exceedance signal duration is expressed in seconds (s).
Lry: If there is more than one threshold crossing,in-each direction, threshold exceedance §
ade unambiguous by choosing the time interval between the first crossing with increasing SP
yith decreasing SPL.

y: Threshold exceedance signal duration is-a property of a transient signal.

pference [32], modified]

energy signal duration

which a specified pér¢éntage x of time-integrated squared sound pressure (3.1.3.5) od
50 - x/2) % and endihg at (50 + x/2) % of total energy

"y: Percentage-energy signal duration is expressed in seconds (s).
"y: Percentage energy signal duration is a property of a transient signal.

pference [32], modified]

'y: The magnitude of the complex envelope is equal to the magnitude of the analyticsignal (3.5

1.1).

which the mean-square sound pressure level (3.2.1.1) (SPL). exceeds a specified threshold y

ignal
L. and

Curs,

3.5.1.6

effective signal bandwidth

Veff

square of the integral with respect to frequency of |M(f)|2 divided by the integral with respect to
frequency of |M(f)|4, where M(f) is the Fourier transform of the complex envelope (3.5.1.2), u(t),
corresponding to a time-dependent field quantity, p(¢)

Note 1 to e

IS0 80000-2)

28

+oo

—oo

‘M(f)‘z dfT

|

, where M(f) is the Fourier transform

ntry: In formula form, Vst

of the complex envelope, u(t).

(see
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Note 2 to entry: Effective signal bandwidth is expressed in hertz (Hz).

[SOURCE: Reference [24]]
3.6 Terms related to sonar equations

3.6.1 General

3.6.1.1
sonar signal sound pressure
sound pressure (3.1.2.1) at a specified position caused by the presence of a target

Note [l to entry: The specified position is usually a hydrophone, which might form part of a sonarrefeiving array.

3.6.1.2
sondr signal voltage
voltdge at a sonar receiver, for a specified frequency band, caused by the sendar signal soynd pressure

(3.6.L.1)

Note|l to entry: In a digital receiver system, the voltage might be convertedto a digital representation of the
original voltage. In this situation, the word “voltage” in this definition is to-be interpreted as “voltage that would
have peen generated in an equivalent analogue receiver system”.

3.6.1.3

target echo
soungl (3.1.1.1) at a sonar receiver originating from an active sonar transmission, and subsgquently re-
radigted by a target

Note|l to entry: For active sonar, the target echo is a synonym of sonar signal sound pressure (3.6.1.1).

3.6.14

sonar reverberation
<active sonar> sound (3.1.1.1) at a sonar(teceiver originating from an active sonar transmigsion except
a target echo (3.6.1.3)

Note|1 to entry: Sonar reverberation is caused by, for example, the cumulative scattering by myriad
inhomnogeneities in the environment.

3.6.1.5
bacKground noise
acoustic noise
combination of gmbient noise (3.1.5.11), acoustic self-noise (3.1.5.10) and, where appligable, sonar
revenberation (3.6:1.4)

Note |l to entry: The concept of background noise (3.6.1.5) is used in measurement systems.

Note |2Cto entry: If the measurement system includes an active transmitter (e.g. active sonar or girgun array),
backgroundmoise s threcombinmatiomof ambient Toise, acous tic sef-Toise and Sonar Teverberation:

Note 3 to entry: If the measurement system does not include an active transmitter (e.g. passive sonar or hearing
studies), background noise is the combination of ambient noise and acoustic self-noise.

3.6.1.6
non-acoustic self-noise
fluctuations in voltage at a sonar receiver output in the absence of sound pressure input

Note 1 to entry: In a digital receiver system, the voltage might be converted to a digital representation of the
original voltage. In this situation, the word “voltage” in this definition is to be interpreted as “voltage that would
have been generated in an equivalent analogue receiver system”.

EXAMPLE Electrical noise.
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fluctuations in voltage caused by the combination of acoustic self-noise (3.1.5.10) and non-acoustic self-
noise (3.6.1.6)

Note 1 to entry: In a digital receiver system, the voltage might be converted to a digital representation of the
original voltage. In this situation, the word “voltage” in this definition is to be interpreted as “voltage that would
have been generated in an equivalent analogue receiver system”.

EXAMPLE Flow noise.
3.6.1.8
sonar noisg voltage

voltage at a
noise (3.6.1.

Note 1 to ent
original volt3
have been ge

3.6.19
sonar signg
SNR

RsN
ratio of mef{

sonar receiver, for a specified frequency band, caused by the combination of hackgr
b) and non-acoustic self-noise (3.6.1.6)

ry: In a digital receiver system, the voltage might be converted to a digital representation
ge. In this situation, the word “voltage” in this definition is to be interpreted as*voltage that y
herated in an equivalent analogue receiver system”.

l-to-noise ratio

in-square sonar signal voltage (3.6.1.2) to mean-square<sonar noise voltage (3.6.1.8)

specified pdint in the receiver processing chain

Note 1 to ent

Iy: Points in the processing chain that may be specifiedinclude, but are not limited to, the inp

and outputs ffrom a beamformer.

Note 2 to ent

Note 3 to ent
Figure 1.

nean square sonar signal veltage

"y: The frequency band for the sonar noise voltage shall be the same as for the sonar signal vol

sonar $ignal-to-noise ratio

mean square sonar noise voltage

background noise non-acoustic self-noise

ambient.seund acoustic noise

v
v
\

~ v

[
! ~ s \
) - self-noise

- ambient noise

acoustic self-noise

d
]

sohar reverberation
(other sonars)

sonar reverberation
(own sonar)

ry: The relationship between the sonar,signal-to-noise ratio and related terms is summariz

ound

f the
vould

at a

its to

fkage.

ed in

Figure 1 — The relationship between the sonar signal-to-noise ratio and related terms?)

3.6.1.10

probability of detection

d
probability of making a signal (3.1.5.8) present decision when one (and only one) signal is present, for a

single obser

vation

1) © Crown Copyright, Reprinted with permission.
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3.6.1.11

probability of false alarm

Pfa

probability of making a signal (3.1.5.8) present decision when no signal is present, for a single
observation

3.6.1.12
noise detector output
output of a detector when the sonar signal is absent from the input

3.6.1.13
Sign } p}uo noise-deteetor Uutyut

outppt of a detector when the sonar signal is present in the input

3.6.1.14
detection index
d
ratio|of the squared difference between mean signal plus noise detector outpit (3.6.1.13) and mean noise
deteqtor output (3.6.1.12) to the variance of the noise detector output, for{a'specified detector

Note|l to entry: See also detectability index (3.7.2.14).
[SOURCE: Reference [39], p382]

3.6.1.15
equivalent mean-square sonar noise sound pressure

pN,eq2
meai-square sonar noise voltage (3.6.1.8), VN2, at the hydrophone output divided by the squared free-
fieldjopen-circuit hydrophone voltage sensitivity, M2
Note [l to entry: In formula form, pn,eq? = VN2/My2,

Note P to entry: Equivalent mean-square sonarnoise sound pressure is expressed in units of pascal sguared (Pa2).

Note B to entry: The frequency band for the sonar noise voltage (3.6.1.8) shall be specified.

Note # to entry: Free-field open-circuit hydrophone voltage sensitivity is defined by IEC 60500.

3.6.1 Sonar equations(and sonar equation terms

3.6.2.1

detefction threshold
DT
ALprj
ten times the*logarithm to the base 10 of the sonar signal-to-noise ratio (3.6.1.9) of a signal (3.1.5.8),
Rsn 1, infdecibels, for specified probability of detection (3.6.1.10) and probability of false alarin (3.6.1.11)

Note TToemtry I formuta form, ALt = 10108 T0RsSN T A B-
Note 2 to entry: Detection threshold is expressed in decibels (dB).
Note 3 to entry: The specified probability of detection is often 0,5.

Note 4 to entry: When the sonar signal-to-noise ratio of a signal is equal to the detection threshold, that signal is
referred to as being “just detectable”.
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signal excess

ALsg

amount by which ten times the logarithm to the base 10 of the sonar signal-to-noise ratio (3.6.1.9), Rsn,
in decibels exceeds the detection threshold (3.6.2.1), ALpT

Note 1 to entry: In formula form, ALsg = 10log10RsN dB - ALpT. The form of Rsy depends on the application.

Note 2 to entry: Signal excess is expressed in decibels (dB).

3.6.2.3
sonar equa

ion

equation re
threshold (3|

Note 1 to enf
decibels, rep
of other pow
velocity (3.1.1

Note 2 to ent
loss (3.4.1.4),
the form ALg

Note 3 to ent
Substitution

ating signal excess (3.6.2.2) (ALsg), sonar signal-to-noise ratio (3.6.1.9) (Rsn) and déte
6.2.1) (ALpr)

ry: According to this document, the terms of the sonar equation are levels or leveldifferend
resenting ratios of mean-square sound pressure (3.1.3.1). In principle, these raties-could be
br quantities such as equivalent plane wave sound intensity (3.1.3.12), or mean-$quare sound pd
.3), or their time-integrated equivalents.

ry: The sonar signal-to-noise ratio, Rsy, is usually related to the sourcelevel (3.3.2.1), propag
noise level, etc., via the passive sonar equation (3.6.2.7) or active sonar.equation (3.6.2.11), of
= 10log1oRsn dB - ALpr.

ry: For passive sonar, Rsy can be determined by the formula‘l0logioRsn dB = Ls - Npp, - Ly +
of this equation into the equation for signal excess gives.the passive sonar equation in the

iction

es, in
ratios
rticle

ation
en in

ALpg.
form

ALsg =Ls - Npp, - LN + ALpg - ALpT.

Note 4 to| entry: For active sonar, Rsy can be approximated by the formula 10logjoRsn
dB = Ls - Nprftx + NTs - NpL,Rx — LN + ALpg. Substitution of this.approximation into the equation for signal efxcess
gives the active sonar equation in the form ALgsg = Ls - NpL, T ¥NTs — NpL,rx — LN + ALpg — ALpT.

Note 5 to [entry: If in the active sonar equation; the target strength (3.6.2.8) (Nts) is replaced
with the pquivalent target strength (3.6.2.10)~ (Nt1seq), the equation becomes an exact| one
ALsg = Ls - NpLtx + NTS,eq = NpL,Rx = LN + ALpg - ALpT-

3.6.2.4

array gain

AG

ALpg

ten times the logarithm to the“base 10 of the ratio Rsn,out/RsN,in, in decibels, where Rsn,in and R§N,out
are the sonqr signal-to-noisé-ratio (3.6.1.9) at the input to and output from a beamformer of a Jonar
receiver, for|a specified steer direction

Note 1 to ent}fy: In formua form, ALag = 10 log10(RsN,out/RsN,in) dB.

Note 2 to entfy: Array gain is expressed in decibels (dB).

Note 3 to entby=This definition assumes the inpnf sonar Qign:ﬂ-fn-nnicp ratioisthe same for all inpnf channlels.

Note 4 to entry: For a plane wave sonar signal sound pressure (3.6.1.1) and isotropic background noise (3.6.1.5),
the array gain is referred to as the “directivity index”.

3.6.2.5

sonar noise level

LN

ten times the logarithm to the base 10 of the ratio of the equivalent mean-square sonar noise sound
pressure (3.6.1.15), pn,eq?, for specified receiver-circuit impedance, to the specified reference value, po2,
in decibels

Note 1 to entry: Sonar noise level is the level of the power quantity equivalent mean-square sonar noise sound
pressure, denoted pn eq?. In formula form, Ly = 10 log10(pN,eq?/p0?) dB.
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Note 2 to entry: Sonar noise level is expressed in decibels (dB).

Note 3 to entry: The reference value of equivalent mean-square sonar noise sound pressure, pg2, is 1 pPa2. The
reference value shall be specified.

Note 4 to entry: The frequency band for the sonar noise voltage (3.6.1.8) shall be specified.

3.6.2.6

sonar processing gain
PG

ALpg

ten times the logarithm to the base 10 of the ratio Rsn out/Rsn in, in decibels, where Rsn in and Rsn,out are
the spnar signal-to-noise ratios (3.6.1.9) at the hydrophone output and point in the receiver processing
chain at which the detection decision is made, respectively

Note [L to entry: In formula form, ALpg = 10 log10(RsN,out/RsN,in) dB.

Note P to entry: Sonar processing gain is expressed in decibels (dB).

Note B to entry: The frequency band for the sonar noise voltage (3.6.1.8) shall be(specified.

Note |4 to entry: The detection decision is a choice between signal presentand signal absent. See probability of
detection (3.6.1.10) and probability of false alarm (3.6.1.11).

Note 5 to entry: The gain from beamforming (i.e. array gain) is inclugded in the sonar processing gaih.

Note [6 to entry: The gain from time domain processing, such.as a replica correlator, is included| in the sonar
procg¢ssing gain.

Note|7 to entry: The gain from frequency domain processing, such as a pre-whitening filter, is included in the
sonay processing gain.

Note |8 to entry: The sonar signal-to-noise ratio(at the hydrophone output is the open circuit output signal-to-
noise|ratio.

3.6.3.7

passiive sonar equation
sonat equation (3.6.2.3) for passive sonar obtained by relating sonar signal-to-noise ratio (3.6.1.9) (RsN)
to source level (3.3.2.1) (Ls)prepagation loss (3.4.1.4) (NpL), sonar noise level (3.6.2.5) (Ly) and sonar
processing gain (3.6.2.6) (ALpg) by means of the formula 10log1gRsn dB = Ls - Npp, - Ly + ALpg

Note |l to entry: The passive sonar equation applies to the detection of sound from a continuous sm.:lnd source.

Note 2 to entry: If the'sonar processing includes a beamformer, the sonar processing gain includes
(3.6.2.4) associated-with that beamformer.

he array gain

3.6.1.8

target strength
TS
Nrts
ten times the logarithm to the base 10 of the ratio of the target differential scattering cross section
(3.4.2.1), o, to the specified reference value, 0,0, in decibels

Note 1 to entry: In formula form, NTS (Qi ,(bi ;OS ,q)s) = 1010g10 |:0'Q (91 ,¢i ;OS ,¢S ) / %00 } dB, where 6 and 65 are

the incident and scattering elevation angles, and ¢; and ¢s the incident and scattering horizontal azimuthal
angles, respectively.

Note 2 to entry: Target strength is expressed in decibels (dB).

Note 3 to entry: The reference value of differential scattering cross sectionis o, , =1 m? sr™1. The reference
value shall be specified.

© IS0 2017 - All rights reserved 33


https://standardsiso.com/api/?name=68175eab585869b698ceddb632ebc84e

ISO 18405:2017(E)

Note 4 to entry: Target strength is a bistatic quantity depending on the incident (6;) and scattering (6s) elevation
angles and the incident (¢;) and scattering (¢s) horizontal azimuthal angles. This angle-dependence may be

indicated by means of its arguments, as in N (91 ,9;:0, .9, ) . The target strength in the backscattering direction,

i.e. Nog (Gi ,9;50,,9; ) may be referred to as the “monostatic target strength”.

Note 5 to entry: Target strength is a free-field quantity, defined in terms of an incident plane wave. It relates
the mean-square sound pressure level (3.2.1.1), Lps, of the scattered sound in the far field to the mean-square
sound pressure level L, ; of an incident plane wave. For an omnidirectional target in an infinite uniform lossless
medium, the target strength is equal to L s + 10log10(r/ro)2 dB - Lp,;.

3.6.2.9

target echgTevel

EL

Ltg

mean-square sound pressure level (3.2.1.1) of the target echo (3.6.1.3)

Note 1 to entfy: Target echo level is expressed in decibels (dB).

Note 2 to ently: In underwater acoustics, the reference value of mean-square sound préssure, po2, is 1 pPa%. The
reference valjie shall be specified.

3.6.2.10

equivalent target strength

TSeq

NTS,eq

difference Bhetween sum of target echo level (3.6.2.9) (Ltg), propagation loss (3.4.1.4) from qonar
transmitter|to target (NpL,1x), and propagation loss from target to sonar receiver (Npy, rx), and surce
level (3.3.2.1) (Ls)

Note 1 to entfy: In formula form, Nts,eq = LTE + NpLTx + NpL,R% — L.

Note 2 to ently: Equivalent target strength is expressed'in decibels (dB).

Note 3 to enfry: The reference value for equivalent target strength, ro2, is 1 m2. The reference value shall be
specified.

Note 4 to entty: Equivalent target strengthyis applicable to both monostatic and bistatic sonar.

Note 5 to enflry: For a target whose-differential scattering cross section (3.4.2.1) is independent of both indident
and scatterinfg elevation angles, the-équivalent target strength is equal to the target strength (see Referencq [20],
pp 607-610).

3.6.2.11

active sonalr equation

sonar equation (3.6.2.3) for active sonar obtained by relating sonar signal-to-noise ratio (3.6.1.9) (R4n) to
the source Iqvel (3.3.2.1) of the sonar transmitter (Ls), propagation loss (3.4.1.4) from sonar transnjitter
to target ( LTX) equlvalent target strength (3.6.2.10 10) (NTS eq) propagatlon loss from target to Jonar
receiver (Npore;-Sonarnoisetevel{3-62 5 and-sena e p y ns of

the appr0x1mat10n 10 log1oRsN dB LS NpLTx + NTS eq~ NpLRx — LN + ALpg

Note 1 to entry: For monostatic sonar, and for an omnidirectional source and omnidirectional target, NpL,Tx and
NpL rx are related via the reciprocity principle. They are equal if the medium density at the target position, pr, is
2

p—; dB.
Ps

equal to that at the sonar, ps. More generally, they are related via the formula N =N +10log,,

PL,Rx PL,Tx

See Reference [20], p.493.

Note 2 to entry: For the propagation loss from sonar transmitter to target, the source level is that of the sonar
transmitter and the mean-square sound pressure level (3.2.1.1) is that at the target position in the absence of
the target.
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Note 3 to entry: For the propagation loss from target to sonar receiver, the source level is that of the target and
the mean-square sound pressure level is the target echo level (3.6.2.9). The source level of the target is equal to
the sum of the equivalent target strength and the mean-square sound pressure level at the target position.

3.6.2.12

reverberation level

RL

Lr

ten times the logarithm to the base 10 of the ratio of the mean-square sound pressure (3.1.3.1) associated
with sonar reverberation (3.6.1.4), pr?, to the specified reference value, pg?2, in decibels

Note 1.to entrv: Reverheration level is the level of the power quantity Pqnnl to the mean-square so ind pressure
assodiated with sonar reverberation, denoted pr2. In formula form, Lr = 10 log10(pr2/po?) dB.

Note 2 to entry: Reverberation level is expressed in decibels (dB).

Note [3 to entry: The reference value of mean-square sound pressure, po?, is 1 pPa2. The héference yalue shall be
specified.

Note {4 to entry: Reverberation level (Lgr) is equal to the sonar noise level (3.6.2.5) (Ln) if there is no pmbient noise
(3.1.9.11) and no self-noise (3.6.1.7).

3.6.3.13

reverberation-limited active sonar equation
sonaf equation (3.6.2.3) for active sonar when ambient noise{(3.1.5.11) and self-noise (3.6.1.7) are both
negligible compared to sonar reverberation (3.6.1.4)

Note |1 to entry: In the reverberation-limited active sonar.equation, sonar noise level (3.6.2.5) (Ly) is equal to
reverperation level (3.6.2.12) (LR).

3.7 | Terms related to underwater bioaceustics

3.7.1 Auditory frequency weighting

3.7.1{1
weighted sound pressure

Pw
outpt of a specified linear filter when the input is the sound pressure (3.1.2.1), p(t)

Note|l to entry: Weighted'sound pressure is a function of time, which may be indicated by means offan argument
t, as in pw(t), where pyisweighted sound pressure and t is time.

Note P to entry: Theweighted sound pressure is the convolution of the impulse response function h(ft) of the filter

and the sound.pressure, p(¢). In formula form, p , (t) = .[ h(r)p(t —r)dr. The impulse responge function is

the inverse(Fourier transform (see ISO 80000-2) of the sound pressure transfer function (3.7.1}5), H(f). See
ANSI|STA42.

Note 3 to entry: Weighted sound pressure is expressed in pascals (Pa).
Note 4 to entry: A filter is a process that removes from a signal some component or feature.

Note 5 to entry: The linear filter might be chosen to characterize a specified frequency-dependent characteristic
of hearing sensitivity in a particular type of animal.

Note 6 to entry: The linear filter might be chosen to characterize a specified frequency-dependent transfer
function of a mechanical or electrical system.
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3.71.2

weighted time-integrated squared sound pressure

weighted sound pressure exposure

weighted sound exposure

Epw

integral of the square of the weighted sound pressure (3.7.1.1), pw, over a specified time interval or event

t
Note 1 to entry: In formula form, Ep w = j 2 p‘szt , where t1 and ¢t are the start and end times, respectively.
’ t
1

Note 2 to entry: Weighted time-integrated squared sound pressure is expressed in units of pascal squared second
(Pazs).

Note 3 to entfy: The integration time and frequency range shall be specified.

Note 4 to enfry: According to the continuous form of Parseval’s theorem (also known as Plancherel’s thegrem),
the weighted sound exposure can be written as the frequency-integrated weighted sound e&Xpesure spé¢ctral

. teo 9 oo .
density. In fqrmula form, Ep,w =| _pPw (t)dt = J.o w(f)Ef (f)df, where Ef is the sound exposure spectral
density (3.1.3.9) (i.e. the spectral density of the unweighted sound exposure) and w(f)-is_the frequency weighting
function (3.7.].6), given by w(f) = |H(f)|2, where H(f) is the sound pressure transfer fuiiction (3.7.1.5).

Note 5 to entry: If a specific frequency weighting function is applied, this should be indicated by appropriate
subscripts.

3.71.3
mean-squafe weighted sound pressure level
weighted spund pressure level

SPLw

’fggvtimes thie logarithm to the base 10 of the ratio of the mean-square weighted sound pressure (3.}.1.1)
to the specified reference value, p?2, in decibels
Note 1 to entfy: Mean-square weighted sound pressure level is the level of the power quantity equal to the rhean-
square weighted sound pressure, denoted p‘ZN : In'formula form, Lpw = 10log,, p‘ZN /p(z) dB.
Note 2 to entfy: Mean-square weighted sound pressure level is expressed in decibels (dB).

Note 3 to enfry: In underwater acoistics, the reference value of mean-square weighted sound pressure, po?, is
1 pPa2. The reference value shall bespecified.

Note 4 to entfy: The averaging time and frequency range shall be specified.

Note 5 to entfy: The type'of weighting (e.g. frequency weighting or time weighting) shall be specified.

3.714
weighted spund exposure level
weighted sEnnd pressure exposure level
SELw

LE,p,w

ten times the logarithm to the base 10 of the ratio of the weighted time-integrated squared sound pressure
(3.21.2), Ep,w, to the specified reference value, Ej o, in decibels

Note 1 to entry: Weighted sound exposure level is the level of the power quantity weighted time-integrated
squared sound pressure, denoted Ep,. In formula form, Lg,p,w = 10 log10(Ep,w/Ep,0) dB.

Note 2 to entry: Weighted sound exposure level is expressed in decibels (dB).

Note 3 to entry: In underwater acoustics, the reference value of weighted time-integrated squared sound
pressure, Ep o, is 1 uPaZ s. The reference value shall be specified.

Note 4 to entry: The integration time and frequency range shall be specified.
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Note 5 to entry: If a specific frequency weighting is applied, this should be indicated by appropriate subscripts.

Note
Note
[SOU
3.71

6 to entry: This definition is in accordance with ISO 80000-8:2007, Clause 3.
7 to entry: Integration time shall be specified.

RCE: ISO/TR 25417:2007, 2.7, modified]

.5

sound pressure transfer function

H

ratio of the Fourier transform of the weighted sound pressure (3.7.1.1) to the Fourier transform of the

soun

Note
an ar

Note
the W

3.7.14

freq
w
squa

Note

argument £, as in w(f), where w is the frequency weighting furiction and fis frequency.

Note

Note
when
as Pl
sound

Note

3.7.14

audi
Waud
freqy
char
adjug

Note
mean

]l pressure (3.1.2.1)

1 to entry: Sound pressure transfer function is a function of frequency, which may be indicate
bument £, as in H(f), where H is the sound pressure transfer function and fis frequency.

2 to entry: In formula form, H(f) = Pw(f)/P(f), where Py/(f) is the Fourier transform (see IS
eighted sound pressure and P(f) is the Fourier transform of the sound pressurre:

6
iency weighting function

red magnitude of the sound pressure transfer function (3.7.1.5)

1 to entry: Frequency weighting function is a function of frequéncy, which may be indicated by

D to entry: In formula form, w(f) = |H(f)|2, where H{f) is the sound pressure transfer functionl

3 to entry: The frequency weighting function j§’used in the calculation of spectrally weight|
expressed as an integral over frequency using the continuous version of Parseval’s theorem
ncherel’s theorem). An example of a spectrally weighted quantity is the weighted time-integ
pressure (3.7.1.2).

4 to entry: Compare auditory frequenéy weighting function (3.7.1.7).

7
tory frequency weighting function

ency weighting funetion (3.7.1.6) chosen to represent a specified frequenc
hcteristic of hearing sensitivity in a particular type of animal, by which an acoustig
ted to reflect theimportance of frequency dependence to that animal

1 to entry+ Auditory frequency weighting function is a function of frequency, which may be
s of an argument f, as in waud(f), where wyygq is the auditory frequency weighting function and J

1 by means of

80000-2) of

y means of an

ed quantities
(also known
rated squared

y-dependent
quantity is

indicated by
is frequency.

ighting”. The

Note R td entry: An example of auditory frequency weighting function for marine mammals is “M-wg¢
L T2
: . . . o K{J)
auditory frequency weighting function corresponding to M-weighting is w_ 4 (f) = —()
maxR | f

J , where R(f) is

given by Formula (8) of Reference [37] in terms of the lower and upper “functional” hearing limits (fiow and fhigh,

respectively): R (f) =

Note

© ISO

foanf?
(724 £2 )(r2+ 720 )

3 to entry: Compare frequency weighting function.
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3.7.2 Sound reception

3.7.2.1

behavioural hearing threshold

behavioural threshold of hearing
minimum level of a specified sound signal (3.1.5.8) that is capable of evoking a behaviourally measurable
auditory sensation in a specified fraction of trials, for a specific subject and for specified conditions,
including measurement geometry

Note 1 to entry: Behavioural hearing threshold is expressed in decibels (dB).

Note 2 to entry—The type of level e g-mean-square saund nressure level ('2 21 1) Qrmean-square cnnnr‘]-pqrticle

velocity levell

Note 3 to ent
ANSI/ASA S3
specified.

Note 4 to ent

Note 5 to enti
if a decrease

Note 6 to en
unmasked b

and its reference value shall be specified.

ry: As behavioural responses are sensitive to signal structure [e.g. tone pip, click, pare-ton{
20)], the characteristics of the signal and the manner in which it is presented to thesubject sh
Fy: The background noise (3.6.1.5) levels should be measured and reported.

y: The behavioural hearing threshold is referred to as an “unmasked behavioural hearing thres
n the background noise does not result in a change to the behaviouralhearing threshold.

ry: If the background noise is high enough to raise the behavioliral hearing threshold aboy
bhavioural hearing threshold, the behavioural hearing threshold is referred to as a “m

behavioural hearing threshold”.

Note 7 to ent

Note 8 to ent
recommends
occurin atle

Note 9 to ent
to be duplica
sensitive to 4

'y: The method for threshold estimation shall be specified.

I'y: The pure-tone behavioural hearing threshold measurement procedure prescribed in ISO 8
that the behavioural hearing threshold be defined as the lowest input level at which resp
hst 50 % of a series of ascending trials.

ry: The description of the measurement/geometry and conditions shall be sufficient for the rg
ted. The geometry is especially impertant if the subject’s hearing is known or suspected
quantity other than that being reported. For example, if a fish is sensitive to sound particle ve

(3.1.2.10) andl its hearing threshold is reported.in terms of sound pressure (3.1.2.1), the information would|

to be sufficig
sound partic]

3.7.2.2
electrophy
electrophy
minimum l¢g
electrophys
geometry

Note 1 to ent

ntly detailed to permit the r&construction of the sound field, with the same sound pressur
e velocity at the fish locatien.as in the original measurement.

siological hearing threshold

siological thresheld of hearing

vel of a specified signal (3.1.5.8) that is capable of evoking a detectable and reprody
ological response, for a specific subject and for specified conditions, including measure

Fy:Electrophysiological hearing threshold is expressed in decibels (dB).

e (see
all be

hold”

e the
hsked

P53-1
bnses

sults
to be
locity
need
b and

cible
ment

Note 2 to entry: The type of level, e.g. mean-square sound pressure level (3.2.1.1) or mean-square sound-particle
velocity level, and its reference value shall be specified.

Note 3 to entry: As electrophysiological responses are sensitive to signal structure [e.g. tone pip, click, pure tone
(see ANSI/ASA S3.20)], the characteristics of the signal and the manner in which it is presented to the subject
shall be specified.

Note 4 to entry: Both the background noise (3.6.1.5) and the background electrophysiological noise should be
reported. Electrophysiological noise is the non-acoustic self-noise (3.6.1.6) consisting of myogenic and neurogenic
sources plus any artefact caused by non-biological electrical interference.

Note 5 to entry: The electrophysiological hearing threshold is referred as an “unmasked electrophysiological
hearing threshold” if a decrease in the background noise does not result in a change to the electrophysiological
hearing threshold.
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Note 6 to entry: If the background noise is high enough to raise the electrophysiological hearing threshold above
the unmasked electrophysiological hearing threshold, the electrophysiological hearing threshold is referred to
as a “masked electrophysiological hearing threshold”.

Note 7 to entry: Objective, statistically-based and subjective analyses can be used for detecting the presence
of an electrophysiological response to an acoustic stimulus. Similarly, threshold estimation can be determined
through various means, each of which carries with it associated errors and assumptions. The method for
threshold estimation shall be specified.

Note 8 to entry: Electrophysiological hearing threshold estimates can be determined from different physiological
processes (e.g. auditory brainstem response, cortical evoked responses and microphonic potentials), which
characterize auditory processing at different levels of the auditory system. Electrophysiological methods are not

equivyalent to psychophysical procedures and electrophysiological hearing thresholds will differ itoin behavioural
hearipng thresholds (3.7.2.1), which provide an integrated, whole organism response to signal detectjon.

Note |9 to entry: The description of the measurement geometry and conditions shall be sufficient fpr the results
to be| duplicated. The geometry is especially important if the subject’s hearing is knewh or sugpected to be
sensifive to a quantity other than that being reported. For example, if a fish is sensitivedo sound pdfrticle velocity
(3.1.4.10) and its hearing threshold is reported in terms of sound pressure, the infermation would need to be
suffidiently detailed to permit the reconstruction of the sound field, with the same sound pressufe and sound
partifle velocity at the fish location as in the original measurement.

3.7.2.3

audipgram

graph or table of behavioural hearing threshold (3.7.2.1) or electyophysiological hearing threshold (3.7.2.2)
as a function of frequency

Note|l to entry: Frequency is the centre frequency of the spegified signal.

Note[2 to entry: It shall be stated whether the audiogram is for a behavioural hearing threshold or an
electrophysiological hearing threshold.

[SOURCE: ANSI/ASA S3.20-2015, 4.01, modified]

3.7.2.4

audifory masking

auditory process by which the behavioural hearing threshold (3.7.2.1) or electrophysiological hearing
threshold (3.7.2.2) for a sound (the'signal) is raised by the presence of another sound (the npise)

Note

Note

1 to entry: The masking.phe€nomenon can also be related to thresholds of discrimination and 1

2 to entry: The sound-whose presence results in the raised threshold for detecting the signal

ecognition.

s known as a

«

masking sound”. See4§0/8253-1:2010, 3.16.

3.7.2.5

audifory critical band

critiral band

band offrequencies on either side of a specified frequency within which the presence o
second®requency will interfere with the detection of sound at the specified frequency

r sound at a

Note 1 to entry: An auditory critical band can be defined for various measures of sound perception that involve
frequency, including but not limited to audibility, loudness, and annoyance.

Note 2 to entry: In mammals, the auditory critical band is one of a number of contiguous bands of frequency into
which the audio-frequency range may be notionally divided, such that sounds in different frequency bands are
heard independently of one another, without mutual interference.

Note 3 to entry: The auditory critical band was originally examined by comparing the degree of masking of a
pure tone by white noise (see ANSI/ASA S1.1-2013, 2.37) of progressively narrower bandwidth. It is also possible
to demonstrate the critical band by comparing the degree of masking brought about by exposure to tones at
different frequencies or to narrow bands of noise centred at different frequencies.

[SOURCE: Reference [35].]
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itical bandwidth

bandwidth of a specified auditory critical band (3.7.2.5)

Note 1 to entry: Auditory critical bandwidth is expressed in hertz (Hz).

3.7.2.7

critical ratio

CR

mean-square sound pressure (3.1.3.1) of the signal (3.1.5.8) divided by the mean-square sound pressure
spectral density (3.1.3.13) of the noise (3.1.5.9), for a just detectable pure tone signal masked by white noise

Note 1 to ent

Note 2 to e
postulated tH
auditory criti
the auditory d

Fy: Critical ratio is expressed in hertz (Hz).

try: Critical ratio has dimensions of bandwidth. See Reference [40]. In Reference [31], i
at when white noise (see ANSI/ASA S1.1-2013, 2.37) just masks a tone, the power of#he noise
ral band (3.7.2.5) is equal to the power in the tone, in which case the critical ratiowould be eq
ritical bandwidth (3.7.2.6). However, in Reference [40], it was showed that the cfitical ratio obt

from noise-nasked tone studies, with both human and nonhuman animal subjects, is_nota good indica

critical bandjy

Note 3 to ent]

bandwidth, d

pressure frof
Note 4 to ent}

Note 5 to ent
independent

3.7.2.8
critical sig

vidth.

ry: The mean-square sound pressure spectral density, [pz ] , of white noise is independent
f

f, in the formula [pzj = 5p2 / &f , where 6p2 is the contribution to the mean-square s
f

h a given frequency band, and &fis the bandwidth of thabfrequency band.

y: Critical ratio can be defined in terms of sound particle velocity (3.1.3.7) instead of sound pres

Iy: The duration of the tone signal is assumedto be sufficiently long for the hearing threshold
pf that duration.

al-to-noise ratio level

critical rat?o level

CRL
Lcr

ten times the logarithm to the base 10 of the ratio of the critical ratio (3.7.2.7), R, to the sped

reference v4
Note 1 to ent
Note 2 to ent

Note 3 to ent

lue, (R)o, in decibels
Fy: In formulaform, Lcr = 10log1o(Rc / (Rc)o) dB.

"y Criticalsatio level is expressed in decibels (dB).

Fy: Thereference value for critical ratio level, (R.)o, is 1 Hz. The reference value shall be specif

was
n the
hal to
hined
for of

bf the

ound

sure.

to be

ified

ed.

hdaring

threshold (3.7.2. 1) at the tonal frequency and the mean- square sound pressure spectral denszty Ievel (3 2.1.10) of
the noise at the same frequency.

3.7.29

hearing threshold shift

threshold s

hift

change in the behavioural hearing threshold (3.7.2.1) or electrophysiological hearing threshold (3.7.2.2)

Note 1 to entry: Hearing threshold shift is expressed in decibels (dB).

Note 2 to entry: An increase in behavioural hearing threshold or electrophysiological hearing threshold
corresponds to a decrease in hearing sensitivity.

[SOURCE: ANSI/ASA S3.20-2015, 4.63, modified]
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