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Foreword

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

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

This part of ISO 17208 was developed to provide a standardized measurement method for the
quantification and qualification of a ship’s underwater radiated noise level. This procedure measures a
sector average for a certain beam aspect. It promotes the consistency of reported sound measurements
from shipping sources. This part of ISO 17208 provides users with the necessary procedure to compare

a ship’s radiated noise level to criteria established by others or to contract specifications.

Reduction of all types of ship emissions, most notably ballast water and engine emissions,

became an

issue in the decade prior to publication of ISO/PAS 17208-1:2012. ISO/PAS 17208-1:2012 was developed

in tsponse to growing international concerns about underwater noise and its impagt
animals.

Excessive underwater noise has the potential to interfere with a marine animal’s ability to

on marine

perform a

varlety of critical life functions, including navigation, communication and findingfood. Becquse of this,

the|environmental impact statements of underwater projects such as pile driving, pipe lay]
exploration now include assessments of underwater noise impact.

Thip part of ISO 17208 converts the PAS to an International Standard and/limits its focus to
grafle of measurement.

ing and oil

A precision
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Underwater acoustics — Quantities and procedures for
description and measurement of underwater sound
from ships —

Part 1:

R
us

1

Thi
for
not

Fquirements for precision measurements iim deep
ed for comparison purposes

Scope

Lthe measurement of underwater sound from ships under a prescribed operating condit
specify or provide guidance on underwater noise criteria or address the potential effe

on fnarine organisms.

The

resulting quantities are based on the root-mean-square sound pressure levels (SPL), i

ater

5 part of ISO 17208 specifies the general measurement system, procedure, and methodology used

on. It does
ts of noise

erein used

synpnymously with sound pressure level or SPL measured in the far field of the ship and pormalized

to 3

distance of 1 m and reported in one-third octavedhands (see 4.3). In this part of ISO

restilt of these measurements is called “radiated noise level”. The underwater sound pre

mes
for

Thi
unr
lim
501

The
effé
refr
this
req

Thd
con
sign
age

Add

isurement is performed in the geometric far field\and then adjusted to the 1 m normaliz¢
1se in comparison with appropriate underwater noise criteria.

5 part of ISO 17208 is applicable to any* and all underway surface vessels, either 1

tation on minimum or maximum shiprsize. It is limited to ships transiting at speedsno g
(n (25,7 m/s).

measurement method smodths the variability caused by Lloyd’s mirror surface image
cts, but does not exclude)a possible influence of propagation effects like bottom
action and absorption{No specific computational adjustments for these effects are g
part of ISO 17208. A specific ocean location is not required to use this part of ISO 172
ilirements for an oCéan test site are provided.

intended uses.of the method described in this part of ISO 17208 are: to show compl
[ract requizéments or criteria, for comparison of one ship to another ship, to enab
ature aSsessments, and for research and development. The intended users include g
hcies;research vessel operators, and commercial ship owners.

17208, the
Ssure level
bd distance

manned or

hanned. It is not applicable to submerged vessels or to aircraft. The method has nfo inherent

reater than

coherence
reflections,
rovided in
08, but the

iance with
e periodic
overnment

ent method

itional post-processing would be required to use the data obtained from this measurem

for determination of the ship source levels to perform iar field noise predictions such as needed for
most environmental impact studies or for creating underwater noise contour maps.

2

Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO

18405:—1), Underwater acoustics — Terminology

1)

To be published.
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[EC 60565, Underwater acoustics — Hydrophones — Calibration in the frequency range 0,01 Hz to 1 MHz

[EC 61260,

3 Term

Electroacoustics — Octave-band and fractional-octave-band filters

s and definitions

For the purposes of this document, the terms and definitions given in ISO 18405 and the following apply.

3.1

background noise

noise from

Note 1 to enftry: See 6.2 for background noise adjustments.

[SOURCE: |
“source un

3.2
beam aspc
direction t

Note 1 to e
and is typic
applied herg

3.3
closest po
CPA

point wher
test to the

Note 1 to en

used in Forpula (1).

34
commencq
COMEX
start test |
position of
data” locat

Note 1 to enjtry: See Figure 3.

3.5

1l Ll odes A | Jos oden o) 4] 4] ya | 1o 1 . - 1 o 1L H
dll' SUUTLES [UIULIL dlTU dUIULIL J ULLITT LA LT SIIP UTCIIT S THITAdS UL T, TTILIUUIITS STITITULIST

Her test” to “ship being measured”.]

pCt

htry: Beam aspect refers to the location of the hydrophone(s) aith respect to the ship under
hlly referred to as port or starboard directions. Another approeach/for hydrophone measurement
) is keel aspect where the hydrophone(s) are below the keelof the ship under test.

nt of approach

e the horizontal distance (during a test run)/from the ship reference point of the ship ur
hydrophone(s) is the smallest

try: The distance to the hydrophone atthe closest point of approach is defined by the symbol dcy

p exercise

fange location
the ship reference‘point of the ship under test at least twice (2x) the distance of the “s
on ahead of the €losest point of approach

data windpw angle

F

angle subt¢nded at the hydrophone, between the start data location and the end data location

SO 11202:2010, 3.17, modified - in the definition, added “(biotic and abiotic)” and changed

b either side of the ship under test perpendicular to the vertical plane‘through the middle of
the ship fr¢m front to back

test
(not

der

A as

fart

Note 1 to entry: The data window angle is expressed as a value in degrees as shown in Figure 3.

Note 2 to entry: The data window angle is +30°.

3.6

data window length

DWL
Ipw

distance between the start data location and end data location

Note 1 to entry: The DWL is defined by the distance at closest point of approach and the data window angle of
+30° as given in Formula (1) and shown in Figure 3.

© ISO 2016 - All rights rese
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3.7
data window period
DWP

tpwp
time it takes the ship under test to travel the data window length at a certain speed

Note 1 to entry: See Formula (2) and Figure 3.

3.8
end data location
position of the ship reference point of the ship under test where data recording is ended

[98)

Note 1 to entry: End data location is one data window length after the start data location. See Figute

3.9
field calibration
method of using known inputs, possibly using physical stimuli (such as a(known, caliprated and
tradeable acoustic or vibration source) or electrical input (charge or voltage signal injection) at the input
(or pther stage) of a measurement system in order to ascertain that the system is, in fact, responding
properly (i.e. within the system’s stated uncertainty) to the known stimulus

3.1
finish exercise

FINEX

end test range location
posjtion of the ship reference point of the ship under testtwice (2x) the distance to the ‘start data”
locdtion past the closest point of approach

Note 1 to entry: See Figure 3.

3.11
frequency response
frequency range a system is able to measure, for a given uncertainty and repeatability, from| the lowest
frequency to the highest stated frequeney

horjzontal distance from the ship under test at which the assumption of source co-location fauses less

hydrophone cable drift angle
angle between the vertical axis and the line created between the fixed support of the hydroghone cable
and the hydrophone

3.14

insert voltage calibration

known, calibrated and traceable input stimulus in the form of an electrical input injected at the input
(or other stage) of a measurement system in order to ascertain that the system is, in fact, responding
properly (i.e. within the system’s stated uncertainty and repeatability) to a known stimulus

3.15
Lloyd’s mirror surface image coherence effects
alteration of radiated noise levels caused by the presence of a free (pressure release) surface

Note 1 to entry: Radiation from the surface image constructively and destructively influences the source’s direct

radiation. For this part of ISO 17208, these effects are considered as part of the source’s radiation, causing it to
exhibit a vertical directivity and necessitating the acquisition angle(s) is defined.

© IS0 2016 - All rights reserved 3
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Note 2 to entry: Lloyd’s mirror effects are reduced but not removed from the final radiated noise level

determined

3.16

herein.

measurement repeatability
expected dispersion of radiated noise levels resulting from successive measurements on the same ship
at the same operating condition, carried out under the same conditions of measurement with the same

equipment

at the same location

Note 1 to entry: Measurement repeatability is stated in decibels and in one-third octave bands.

3.17

measure
data acqui
amplifier(s

peripheralf

3.18
measure
expected

Note 1 to ¢
measureme

nlent system
sition system consisting of, but not limited to, one or more transducer(s), coxditioning

, analogue-to-digital converter(s), digital signal processing computer and, lancil

o]

I;rent uncertainty
i

spersion of the measured radiated noise level values

ntry: Measurement uncertainty is stated in decibels for one-third, octave bands using a g
ht method (averaging time, bandwidth-time product, etc.).

Note 2 to enftry: See Clause 7.

3.19

omni-dire
underwatg
a variation
the measul

3.20
overall sh
longitudin

3.21
radiated i
RNL
LrN

level of thg
root-mean

ctional hydrophone

r sound pressure transducer that responds nearly equally to sound from all directions v
in sensitivity with horizontal direction not exceeding +2 dB within the frequency rang
ements.

p length
] distance between the forward-most and aft-most part of a ship

oise level

square soundpressure, prms(d), at that distance for a specified reference value

Note 1 to enftry: LRN = 20-log10 (prms/po) dB + 20 logio (d/dp) dB.

Note 2 to enftry: Radiated noise level is expressed in decibels (dB).

ary

ven

vith
e of

product of the distance from a ship reference point of a sound source, d, and the far field

1 m.

Note 3 to enftrys The reference value for sound pressure (po) is 1 uPa. The reference value for distance (do) is

: 1L DALL £ 1 - 1 - 1 D
The combinedRNETeferencevatuets POUD IS I It a1,

Note 4 to entry: The resulting level is denoted “LRN, dB re 1 pPa-m”. This designation replaces the past use of

“Lp,dBre 1

uPa @ 1 m”.

Note 5 to entry: RNL varies in both horizontal and vertical aspect in the far field. This procedure determines an
azimuthal sector averaged about the hydrophone position; and vertical-elevation averaged quantity in the beam
aspect about the ship reference point.

© ISO 2016 - All rights reserved
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3.22

roo

t-mean-square sound pressure level

sound pressure level
SPL

L

p
for a specified reference value, pg, the level of the root-mean-square sound pressure, prms

Note 1 to entry: In formula form, Ly = 20 log10(prms/po) dB, where prms is the root-mean-square sound pressure.

Note 2 to entry: Root-mean-square sound pressure level is expressed in decibels (dB).

Not
Not

Not
ISO

Not
of E
the

3.2
shij
poil

Not
ship

Not
Not

3.2
sla
dist

3.2

F-3T0 entry: 1N underwater acoustics, the relerence value ol root-mean-square sound pressure, p
e 4 to entry: Frequency weighting and time weighting, as applicable, shall be specified.

e 5 to entry: Root-mean-square sound pressure is a field quantity (see ISO 80000-3:2006, C
80000-1:2009, Annex C).

b 6 to entry: The abbreviations “RMS SPL” and “root-mean-square SPL” are deprecdted because in
hglish, these would mean “root-mean-square value of SPL’, which means semething different fr
Foot-mean-square sound pressure”.

B
b reference point
it on the ship from which the distances are defined

b 1 to entry: For the purpose of this part of ISO 17208, the_ship reference point is located transv
centreline, longitudinally a quarter-length forward of the'stern and vertically at the height of the

e 2 to entry: The location for the ship reference point'applies for all frequencies.

e 3 to entry: The ship reference point may also serve as an approximate location for the ship’s aco

trange
ance from the ship reference point'of the ship under test to each hydrophone

D

me
wa

3.2
sta
pos

Not

3.2

sure of the speed of sound in seawater as a function of depth, measured vertically t
er column

sou}nd speed profile

-

D
't data location
tion of the'ship reference point of the ship under test where data recording is started

1 to entry: See Figure 3.

,is 1 pPa.

ause 3 and

normal use
om “level of

brsely at the
sea surface.

Istic centre.

hrough the

y

tes

L S1te

location where the underwater noise measurements are performed
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4 Instrumentation

4.1 General

In order to quantify the underwater sound from a ship, three main instrumentation components
are required: (1) hydrophone and signal conditioning, (2) data acquisition, recording, processing
and display system, and (3) distance measurement system. Detailed specifications of each of the
measurement systems are given below. A summary of the parameters is given in Table 1.

Table 1 — Summary of measurement parameters

Measurement parameter

Value/Quantity

Achievable
(expressed
third octay

expanded measurement uncertainty
as the typical value for applicable one-
e bands)

5dB (10 Hz to 100 Hz one-third octave bands)
3dB (125 Hz to 16 000 Hz one-third octave bands)
4 dB (220 000 Hz one-third octave hands)

Measuremg
value for af

nt repeatability (expressed as the typical
plicable one-third octave bands)

3 dB (10 Hz to 100 Hz one-third octave bands)
1dB (125 Hz to 16 000 Hz oné-third octave bands)
1 dB (=20 000 Hz one-thitd'ectave bands)

Bandwidth|

One-third octave band

Frequency

range, lower one-third octave band

10 Hz

Frequency

range, upper one-third octave band

20 000 Hz (minimum) but up to 50 000 Hz as may be
required by the criteria (see 4.3)

Number of hydrophones Three
Hydrophone geometry See Figure 1
Nominal hyjdrophone angles 15%¢230°, 45° angle

Minimum

Fater depth

Greater of 150 m or 1,5x overall ship length

Nominal di

stance at closest point of approach (CPA)

Greater of 100 m or 1x overall ship length

Tolerance @

f the actual distance at CPA

-10 % to +25 %

Distance rd

nging measurement uncertainty (at CPA)

<10 %

Data windd

w angle (+CPA)

+30°

Data windd

w length, metres

Determined using Formula (1)

Shown in Figure 3

Data windd

w time, seconds

Determined Using Formula (2)

Shown in Figure 3

Data winddw averagjngime One overall sample equal to DWP
Minimum rfumberefirlns per ship condition 4 Total

2 Port

2Starboard

Recommended weather/sea conditions

Wind speed <20 kn (see 5.3)

Portable hydrophone calibration

Laboratory calibration every 12 months

Field calibration, as below, daily during measurements

Fixed hydrophone calibration

Laboratory calibration prior to installation

Confirmation using calibrated sound source or
reference hydrophone every 12 months

Field calibration, as below, daily during measurements

System field calibration

Insert voltage calibration

Auxiliary measurements

Shaft speed, wind speed and direction (see Clause 8 for

other measurements)

© ISO 2016 - All rights reserved
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4.2 Hydrophone and signal conditioning

For the purposes of this part of ISO 17208, the terms hydrophone, underwater electro-acoustic
transducer, or underwater microphone may be used synonymously. Here, the term hydrophone is
used and includes any signal conditioning electronics either within or exterior to the hydrophone. The
hydrophone(s) shall have the sensitivity, bandwidth and dynamic range necessary to measure the ship
under test and meet the performance parameters given in Table 1.

This part of ISO 17208 requires three hydrophones that should be omni-directional across the required
frequency range of 10 Hz to 20 000 Hz, or higher if required, see Table 1. Directional hydrophones may
be used, as long as the directional characteristics are accounted for in the post-processing (see 6.3). The
hydrophones may or may not have integral cable. However, the required performance shall-He obtained
with the full cable length to be used during the test.

Wh
acc
inst
acc

months in
rmanently

bn portable hydrophones are used, they shall be laboratory calibrated every 12

rdance with IEC 60565 for all required one-third octave bands. When fixéd (i.e. p4
alled underwater) hydrophones are used, they shall be laboratory calibrated before insfallation in
rdance with IEC 60565 for all required one-third octave bands. The fiked hydrophone [calibration
sha]l be confirmed by a comparative measurement utilizing a calibrated underwater soyind source
evely 12 months. Alternatively, the fixed hydrophones and associated-cabling may be lifteld from the
watler every 12 months for maintenance and the hydrophones laboratory calibrated.

The sensitivity and directivity of the hydrophones shall be determined to within +2 dB.

4.3| Data acquisition, recording, processing and display

Thd
rec

data acquisition, recording, processing and display’system shall be capable of accurately acquiring,
brding, processing and displaying data from the hydrophones. Such systems may conjprise tape
recprders, computer-based data acquisition systems or hardware-specific devices (such a§ spectrum
analysers) or combinations of these. The data’acquisition system should have an appropriate sampling
rat} and anti-aliasing filters following Nyquist requirements and appropriate dynamic rangg for either
analogue or digital systems. All frequenéy-domain averaging shall be linear with sampling| consistent
with the data window period (DWP),'see 6.1.

The

be 3
syn|

Thd
wit
Clas

time domain signal from each hydrophone shall be acquired and recorded simultan
ample-accurate for all three'channels. Tracking and time stamp data (see 4.4) shall b
rhronously with the acqustic data to enable reconstruction of the track and data process

broadband processingshall cover the one-third octave bands from 10 Hz to 20 000 Hz in
h [EC 61260, Base 2" (true one-third octaves) or Base 10 (as also called decidecade in I
s 1. ThroughoGtythis International Standard, the use of the term one-third octave can be

pously and
e recorded

ing.
hccordance

50 18405),
considered

equiivalent to thelterm decidecade. If required by a ship’s noise criteria specification (i.e. ICES
onefthird octave band processing up to 50 000 Hz may be necessary.

CRR-209),

4.4) Distance measurement

Distance measurement is required to continuously determine the actual distance between the
hydrophones and the ship reference point of the ship under test.

For measurement with surface-suspended hydrophones, the distance measurement systems shall
determine the horizontal distance from the sea surface position above the hydrophone(s) (i.e. the
device or buoy used to suspend the cable) to the ship reference point of the ship under test. The distance
measurement device may utilize any method (e.g. optical, acoustical, GPS, radar) to achieve the required
accuracy.

For measurement with bottom-suspended hydrophones, the distance measurement systems
shall determine the horizontal distance from the sea surface position above the hydrophone(s)
(corresponding to the point of attachment of the cable on sea bottom) to the ship reference point of the
ship under test.

© ISO 2016 - All rights reserved
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For both types of hydrophones, the distance measurement system shall be accurate to <10 % of the
distance at CPA. The slant range from the ship under test to the hydrophone(s) may be computed during
post-processing of the data in accordance with 6.4. It is not necessary to take into account any drift that
the hydrophones could experience after they are deployed, provided the hydrophone cable drift does
not exceed 5°. If the drift angle does exceed 5°, then it shall either be reduced or the drift angle shall be
taken into account when determining the slant range.

The hydrophone cable drift angle may be estimated by the use of a depth gauge that indicates the depth
of the hydrophones. If the drift angle is believed to exceed 5°, it can be reduced by attaching a weight
to the end of the hydrophone cable or using a larger buoy for bottom-suspended configurations. Use of
a larger b%mummwmammmmmmmmuﬁ the
strum frequencies. Drift angles are usually smaller for free-floating suspensions that do not use @gdata
transmissipn cable (e.g. an acoustic or electromagnetic data link). The uncertainty of the estimgted
slant rangd between the hydrophones and the ship reference point shall not exceed 10 %.

Other megns than the cable drift angle can be used to determine accurately the-actual dist3
between thie hydrophones and the ship reference point of the ship under test (e.g. usé)of Doppler ef
on a know1 single frequency signal emitted from the hull, or the use of acoustic transponders or pif
systems).

nce
fect
ger

5 Measurement requirements and procedure

5.1 General

Il be
and

In order td
addressed
proper ope

perform an accurate measurement of a ship’s underwater sound, several factors shal
correctly, e.g. selection of an appropriate test site;“proper deployment of hydrophones
ration of the ship under test. These factors are\given below.

5.2 Testsite requirements

The mininj th,

whichever

um water depth shall be 150 m or'one and one-half times (1,5x) the overall ship len
is greater.

94e]

rement test site need not use.a’specific ocean location. It is up to the test organization and
'ner’s representative (ship owner, shipyard, etc.) to determine the suitability of the propdsed
I the intended measuréments. Other factors to consider are background noise, ship trafffic,
bhy, bottom type, localweather, ship manoeuvrability and safety.

The measu
the ship ow
test site fo
oceanogra

The backgt
under test
correction

There are

ound noise shouldbe low enough to permit measurement of the underwater sound of the
over the frequency range of interest. Where the background noise limits the measuremse
5 shall be applied (see 6.2).

hip
nts,

Circunistances where the problem of background noise limiting the measurable frequen

cies

is insurmountable. In such cases where measured levels are background-limited and no correctign is
possible (seé-6.2), these data shall either be designated as background-limited or not presented.

5.3 Sea surface conditions

The sea surface conditions during testing are of concern, since rough seas may add background noise
and cause instability of the ship under test and its propulsion system. For example, rougher surface
conditions can increase the background noise in the water as well as contribute to measurement array
excitation thereby creating limitations because of signal-to-noise adjustments (see 6.2). Of concern
in this respect is the repeatability of the surface ship’s radiated noise level in various sea surface
conditions. For example, wave heights can cause the propulsor to come out of the water causing
significant radiated noise level differences between low vs. high surface wave conditions.

The limiting surface conditions affecting the radiated noise levels are a function of numerous variables
(wave height, period, direction relative to ship course, ship seakeeping characteristics, source depth,
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etc.). As a generality, smaller length ships require lower wave heights to attain consistent radiated
noise level measurements. The recommended wind speed limitation of <20 kn (10,28 m/s) provides a
nominal value for ships greater than 100 m. Smaller ships could require more benign surface conditions
while larger ships can tolerate rougher surface conditions.

5.4 Hydrophone deployment

The hydrophones shall be located so as to measure the beam aspect of the ship under test. The three
hydrophones shall be positioned vertically in the water column at depths that result from nominal 15°,
30° and 45° angles from the sea surface at a distance equal to the nominal distance at CPA (Figure 1).
Thehydrophomedeptoymrent rethodshoutdemsure thatany diprthe-hydrophome’sdirectiyity should
be quch that the orientation of the hydrophone is directed towards the seabed.

, |

1 |[ship under test dy dcpa tan(15°)
2 |distance, dcpay at closest point of approach dy dcpatan(30°)
3 |hydrophorre d3 dcpa tan(45°)
4 |15%@angle between surface and shallowest hydrophone
5
6

30%angle between surface and middle hydrophone

45° angle between surface and deepest hydrophone

NOTE dcpa = 100 m or one overall ship length, whichever is the greater.
Figure 1 — Hydrophone geometry

Provisions shall be made to mitigate the effects of cable strum and sea surface effects on the
measurements. Figure 2 shows potential deployment approaches, but other solutions are allowed
as long as the physical locations of Figure 1 and requirements with respect to the measurement
uncertainty are fulfilled.
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1
—— 2
— ~_ M3 10
3 10
4
/
4 /
/
1
A
a) Ship-deployed b) Bottom-anchored c) Remote-transmitted
Key
1  supporf vessel 7  stbsurface buoy
2 surface|buoy 8.\ bottom anchor
3 suspension device 9 signal lines to shore
4  hydrophone 10 ocean surface
5 weight 11 ocean bottom
6  surfacelbuoy (optional)
NOTE Figure not to scale. See/5:2 .and 5.4 for hydrophone arrangement details.
Figure 2/— Typical hydrophone deployment configurations
5.5 Testicoursé.and ship operation
The run cdnfiguration is shown in Figure 3. The ship under test shall transit a straight line coursg to
achieve therequired distance at CPA_The starting point of the run (or the COMEX) is at least twicelthe

data window length (DWL) before the CPA. The ending point of the run (or the FINEX) is at least twice
the DWL after CPA. At COMEX, the ship under test shall have achieved the required run conditions.
Unless otherwise required by the ship’s test plan, the ship under test shall maintain constant speed,
fixed machinery conditions and minimum use of helm to maintain course through FINEX.
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10 38 9
7 7
5 6 4
S VA
/11 . ;
-~ i : —
{ '\ : i 7\
h L i IP \l_— —— -
2 ! AL
3 i 12
a) Port approach
9 8 10
7 7
/11
'
{ N\
N - -
b)-Starboard approach
Key
1 |ship under test 7 2xDWL
2 |distance, dCPA, at closest point of approach (CPA) 8  CPA point
3 |hydrophone(s) 9 COMEX
4 |start data 10 FINEX
5 |end data 11 Williamson curve
6 |DWL 12 +30° (total = 60°)
NOTE1 dpw'= 2dcpa tan(30°), where dcpa = 100 m or one overall ship length, whichever is the gredter.
NO E 2 pwp — [IDW]’ whorovictho chip'c cpnnr" in ml/c

1%

Figure 3 — Test course configuration, (a) port and (b) starboard approaches

5.6 Testsequence

When all aspects of the underwater noise survey are in place, steps a) through j) shall be performed
for each test run. Four (4) runs comprising two (2) runs for each side of the ship (alternating port and
starboard aspect) shall be performed for each ship condition to be tested.

a) The ship captain, master or owner’s representative shall confirm that the necessary propulsion
machinery line-up and auxiliary machinery conditions are set as required.
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b) Acoustictest personnel operating the measurement instrumentation shall confirm all measurement
systems are operational.

c) Initially, the ship under test shall move to a position at least 2 km from the hydrophones and
come to a quiet condition. All ship systems including diesel generators shall remain operating.
When in position, the ship under test shall notify the acoustic test personnel. Background noise
measurements may be performed at this time.

d) When background noise measurements are completed, acoustic test personnel shall notify the ship
under test to proceed toward the hydrophones at the required ship operating conditions and speed.

e) When Fing
conditjons (speed, machinery configurations) shall remain unchanged until end test range locafion
(FINEX) is reached. See Figure 3 for a diagram of the two locations.

f) Measufement systems may be started at COMEX, but shall be started before the start.data winflow
locatidn.

g) The diftance at CPA shall be measured and recorded.

h) When the DWP is completed, the acoustic test personnel shall announcethat the end data locafion
has bden reached. The ship under test shall continue course to thé& FINEX before making [any
changgs in ship operation, direction or speed.

i) At FINEX, the ship under test shall perform the reverse course’ manoeuvre shown in Figure 8 so
as to run back through the test range on the opposite side and repeat steps €) to h) inclusive. This
procesds shall be repeated four times, two with starboard approaches and two with port approaches.

j)  Background noise measurements, steps c) and d), shall'be taken at the beginning and end of gach
test pgriod (e.g. half-day or day of measurements).ilf weather or traffic conditions significahtly
changg (i.e. changes in wind greater than 5 kn [2,6'111/s], sea state, ship population, or precipitation),
the sufvey shall be suspended and measurements shall be taken to determine background npise
levels ind confirm that background noise requirements are still met.

6 Post-processing

6.1 General

When the festing, as given in(Glause 5, has been completed, post-processing will be required to ad£USt
sound pre$sure level spectra for background noise conditions and sensitivity adjustments, and to
normalize fhe data for distance differences. The next step will be to combine multiple hydrophonesjand
multiple ryns.

The data windowsangle shall be +30° from the CPA as shown in Figure 3. The distance at CPA shalll be
the greatel
CPA shall n

distance travelled by the Shlp under test w1th1n the +30° wmdow as given in Formula (1)

Ipw = 2dcp, tan (0) (1)
where

dcpa is the measured distance at the CPA for each run, in metres;

0 is equal to 30°; tan(30°) is 0,577 3.
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The DWP (tpwp), expressed in seconds, shall be the time to travel the data window length as a function
of ship speed, as given in Formula (2).

IDW

towp = {
v

|

where

Ipbw is the DWL, in metres;

(2)

The
con

6.2

Sin

bac
med
med

adjyst discrete frequency (tonal) data have usually led to undesirable results and are not recq

ra—tl 1o - 4 L q T lodaiao il pn L AP | |
IS HIHT SHIP SPTTU, TINHTITLTI TS /5SCTLUIIU. TU UULAIIT LITT SPTTU TIT I/ S, TITUILIPIy SPTTUl

or nautical miles/hour by 0,514 44.

|4

DWP shall be reported as one overall sample over which the resulting radiated noise le
puted.

Background noise adjustments

e unexpected changes in background noise often occur (e.g. a passing ship or a rain
kground noise shall be assessed as described in 5.6 c). With the-/ship stationary, a b
isurement (at least 30 s average) is made when the ship is 2-km from the hydrophor
isured SPL needs to be modified, the adjustments are madé/to one-third octave data. A

in knots

el shall be

squall) the
ackground
e(s). If the
ttempts to
mmended.

A bpckground noise data set shall be assigned to each\measurement run in order to cqmpare the
megsured level of the ship under test to the background noise at the approximate time of the test. The
signal-plus-noise-to-noise level difference, or AL, is\defined in Formula (3).
p 2
_ _ _ s+n
AL = Lszrn Lpn 10 log,, ) dB 3)
Py
whgre
AL  isthe signal-plus-noise-to-noise level difference computed using Formula (3) for epch one-
third octave band;
Ds+n 1S the root-meanysquare sound pressure at the hydrophone in pPa. This value inclydes both
the desired.$ignal and undesired background noise;
pn  is the roof-mean-square sound pressure of the background noise at the hydrophorle in pPa;
Lps+n is¢hg root-mean-square sound pressure level in decibels with ship under test present for
each run;
Lyp * is the background root-mean-square sound pressure level with the ship under tes{ not

— T lueTcing the measurenment (at 2 K fronT iydropiones) imdB:

If AL is greater than 10 dB, no adjustments are necessary. If AL is between 3 dB and 10 dB and if the
background noise is stable (i.e. no changes in environmental conditions, sea state, vessel traffic at the
site), then adjustments to the measurements are required using Formula (4). It shall be clearly identified
in the report that such corrections have been applied. If AL is less than 3 dB then the data shall be so
noted or discarded.

(L 10 dB) (L. /10dB)
L) =10log 4|10 s [0 10 ' / dB )

where
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7

L

is the background noise adjusted root-mean-square sound pressure level of the ship
under test, computed in one-third octave bands.

Formula (4) is only used if AL is greater than or equal to 3 dB and less than 10 dB.

6.3 Sensitivity adjustments

Additional adjustments to the L’ value given in 6.2 shall be made for any miscellaneous adjustments
such as directivity, cable sensitivity, or amplifier gain. Sensitivity adjustments shall be made as given in
Formula (5). These adjustments shall remain constant throughout the ship survey.

" o_
Lp—L

where

"

L'p

ASEN

All sensitiv
by the user

NOTE |
characteriz

applying a d
of interest t

6.4 Dist

The final a
distance. T
or 100 m, Y
vary by #1
point is kn

Depending
the hydrop
reference
each hydr

dTotal

where

P

b T Asen

is the unweighted root-mean-square sound pressure level after backgriound adjustme

is the adjustment for miscellaneous hydrophone sensitivities.

ity adjustments are made to one-third octave band data. Such adjustments may be measy
or provided by the instrumentation vendors.

"»is the unweighted sound pressure level. L’ is a weighted sodidpressure level, where the weigh
s the frequency response of the hydrophone and processingchain. This weighting is corrected fq
orrection Asgn in each one-third octave band. If the frequency response is flat in the frequency r3
hen Asgn = 0 dB and L, is equal to L'y, and both are equalto the unweighted sound pressure leve]

hnce normalization

Hjustment of the sensitivity-adjusted measured sound pressure level, ”p, is normalizatior]
he typical distance from the movingsship to the measurement transducer is one ship ler
vhichever is greater. However, because of the effects of current and seas this distance 1
D %, which is acceptable provided the distance from the hydrophones to the ship refere
bwn.

on measurement technolegy used (e.g. GPS, sonar or laser), the distance from the shi
hone may need to be-eomputed using two separate distances: (1) horizontally from the

oint to the sea suftface above the hydrophones; and (2) vertically from the sea surfac
hone. The totalidistance from the ship to each hydrophone is determined using Formula

2
Vert

- JdZ  wdZ, . (h)

6)

nt;

red

ting
r by
nge

for
gth
may
nce

b to
hip
e to

(6).
(6)

dTotal

dl—[orz

dVert

14

1s the total distance at CPA to be used In the distance normalization Formula (/) below;

is the horizontal distance from the ship reference point of the ship under test to the
surface buoy supporting the hydrophones at CPA. This distance would be that

determined by the distance ranging system (i.e. GPS system, sonar or laser range finder),

cor-rections to the centreline, waterline, and ship reference point for the measured
ranging value could be needed;

is the depth of each hydrophone, h (h; represents a shallow hydrophone, h; a middle
hydrophone and h3 a deep hydrophone).

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=5cfbe71dcb46da826ab776c798f8d018

1ISO 17208-1:2016(E)

The underwater radiated noise level for each run and each hydrophone is determined by Formula (7).

dB

ref

d
Lpy (rh) = Lg +20 log, [ ;Otal

where

Thi
is c
asp

6.5

Thd

asp
dat
to ¢

The

Formula (8).
1OLRN(r,h1)/1O 4B, oLrn (rh,)/10 dB + 105N (rh3)/10 dB
Lpn () =10 log 3 dB
whére
Lrn(r) is the power-averaged underwater radiated noise level for three hydrophone

The

Lrn(rh) is the underwater radiated noise level, as a function of run number, r, and hydrophone

(7)

location h (hj represents a shallow hydrophone, h; a middle hydrophone and h3 a deep

hydrophone);

reference distance of 1 m.

bnsidered as part of the source and the underwater sound pressure level (s, specific fo
bct at elevation angles between 15° and 45°).

Hydrophone and run combination post-processing

ect (port and starboard). The port and starboard aspect runs shall be kept separate. The
h sets shall be adjusted and normalized according t6<622 through 6.4. This subclause des

Lrn(rh1) is theunderwater radiated noise level for the shallow (h1) hydrophone for ru
Lrn(r;h2)_Sisthe underwater radiated noise level for the middle (hz) hydrophone for run

Lrn(h3) is the underwater radiated noise level for the deep (h3) hydrophone for run, 7

dTotal is the total distance from the ship under test to each hydrophone (metres);idyef]

5 normalization assumes that the ship is a directive source at the surface (i.e. the sun

resulting data set from measurements performed in Clause 5 shall be one-third octave bal
noige levels relative to 1 pPa m in decibels (dB) from 10 Hz to{20 000 Hz, or higher if re
Table 1. Such data sets shall be prepared for three hydrophones.and for four measurement ru

first step in the post-processing is to determine the power average of the radiated noisq
all three hydrophones (h1, h and h3) that results in the radiated noise level for each run, L

run

as glven 1n Frormula L‘jJ
r=k
> Len (1)
L.o—=r=t
RN k

where
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uired, see
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se multiple
cribes how
pmbine the 12 data sets for each condition into onézset of values in one-third octave band}s.

level from
N(7), using

(8)

for run, r;

Kruns of data are then arithmetically averaged to determine the final sound source Valr.le for each

)
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LRN

Lrn(7)

k

is the radiated noise level for, k, runs as computed in Formula (9);

is the power-averaged underwater radiated noise level for three hydrophones for run,
as determined by Formula (8);

is the total number of runs: for k = 4 or 2 (for port- and starboard-only computations).

r

For each ship condition, Lry should be determined separately for each side of the ship (i.e. port aspect
and starboard aspect) and then for both sides together. Lry is the resulting radiated noise level for
each ship operating condition. It is a function of one-third octave bands and shall be the values that are

reported, ¢

ompared to limits or compared to other data sets

7 Meas

The combi
is given in
uncertaint
mid freque
one-third ¢
bands. The
which desq
measurem

urement uncertainty

hed expanded measurement uncertainty of the resulting radiated noise levéls(RNL) va
Table 1. The combined uncertainty is divided into low, mid and high frequercy ranges.
y values are 5 dB for the low frequency (10 Hz to 100 Hz) one-third octaye'bands, 3 dB for
ncy (125 Hzto 16 000 Hz) one-third octave bands and 4 dB for the highHfrequency (=20 000
ctave bands. These values are expressed as the typical value for applicable one-third ocf
combined measurement uncertainty has been evaluated from accombination of compone
ribe random errors and errors caused by effects that may introduce systematic bias into
bnts. The usual evaluation of uncertainty (defined in ISOAEC Guide 98-3 as “Type A”) |

ues
The
the
Hz)
ave
nts,
the

Dy a

statistical
component
uncertaint

hjor
and

hnalysis of a large quantity of observations is not possiblefor RNL measurements. The m
s of RNL uncertainty are the source conditions, uncértainty in the SPL measurement
 of the RNL computation. A discussion of each follows:

Variations|in the ship’s acoustic source condition will affect the repeatability and reproducibilitly of
SPL and RNL measurements. These variations are highly case specific. Some conditions (machirnery
settings and propeller r/min, draught) can potentially\be controlled by the use of rigorous measurenpent
procedures. Environmental effects are mainly relevant for reproducibility, they may affect repeatabllity
as well, for example, speed differences at courses with and against the current and due to weather
variations.| However, the measurement process provided in this part of ISO 17208 will compensate
for such issues and repeatability of prior‘methods given in ANSI/ASA S12.64-2009/Part 1 has Heen
reported 1151,0 dB. The same level of xepeatability is used for the mid and high frequency one-third

octave banlds and a 3 dB repeatability-isused for the low frequency bands.
The SPL m

easurement uncertainty depends on the quality of the equipment and processing. If high
quality insfrumentation is used-and specified calibration protocols are followed, a combined uncertajnty
for hydrophone sensitivitycamplifier gain and analogue-to-digital conversion is nominally 1 dB forfthe
low and mid frequency ofie3third octave bands, and 3 dB for the high frequency one-third octave bahds.
The uncerfainty in the processing (conversion to frequency spectrum) is frequency dependent anld is
mainly of ihterest fernarrowband analysis or for the lowest one-third octave bands. For example, in|the
10 Hz one-third oetave band, the uncertainty is about 0,5 dB and all higher frequency bands would have
a lower valueof\uincertainty. To be conservative, a 0,5 dB uncertainty has been used for all one-third
octave bands:

The averaging time will affect the SPL measurement, because the distance between ship and
hydrophones varies during a run. The received sound pressure will vary with time because the lengths
of the direct and surface reflected sound paths vary. It can be shown that the associated uncertainty
is of the order of 1 dB for all one-third octave bands or less if the track length over which the ship sails
during the averaging time is smaller than the horizontal distance between ship and hydrophone at CPA.

This part of ISO 17208 requires a correction for background noise if the SPL of signal plus background
noise (AL) is 3 dB to 10 dB larger than the SPL of the background noise, as given in 6.2. If AL is larger
than 10 dB, the correction is unnecessary. If AL is smaller than 3 dB, the data should be discarded as
the background correction will be unreliable. For the cases where the AL is between 3 dB to 10 dB, the
uncertainty of the background correction will be compensated for resulting in 0 dB uncertainty. For
the cases where the AL is greater than 10 dB, the uncertainty of the background correction will be no
more than -0,4 dB.
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