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Underwater Noise from Ships, Full Scale Measurements 

 

1. PURPOSE OF THE GUIDELINES 

The purpose of this guideline is to provide 

general procedures and methodologies to be 

used in measuring underwater noise from sur-

face ships. For the purposes of this document 

underwater noise is meant the sound generated 

by a ship as measured in terms of sound pressure 

levels. Current interest in measurement of sur-

face ship underwater noise is driven by recogni-

tion of the importance of anthropogenic (human-

made) noise in the ocean and its environmental 

impact. The reported significance of this envi-

ronmental impact has led to establishment of na-

tional and international rules on acceptable lev-

els of ship-generated underwater noise. The cur-

rent procedures and guidelines only address the 

measurement of underwater ship noise and do 

not comment on the impact of such noise. 

It is noted that the subject of measuring un-

der water ship acoustic signatures is currently 

being examined by many different International 

Committees and a few standards have been is-

sued. Reference to these standards is provided in 

§2. Of particular note in this regard are the pub-

lications issued by the ANSI, ISO and DNV or-

ganizations concerning deep water measure-

ments. Much of the material provided in this 

Procedures and Guidelines is drawn from these 

publications. It is recommended that the current 

Recommended Procedures and Guidelines be 

revisited and updated as necessary when further 

International Standards for this topic are estab-

lished. In the case of shallow water, careful at-

tention must be given to measurements to ac-

count for bottom effects, particularly if such re-

sults are used for predicting performance where 

bottom effects are different.  

To gauge the level of activity in measure-

ment of underwater ship noise within the ITTC 

Organization, a Questionnaire on Full-Scale 

Noise Measurement Methods was sent to all 

ITTC member Organizations. This survey ques-

tionnaire was companion to a Model-Scale 

Noise Measurements questionnaire similarly so-

licited to ITTC member Organizations. A total 

of eleven responses to the Full-Scale Noise 

Measurements Methods questionnaire were re-

ceived from eight countries; France, Germany, 

Italy, Japan (2), Korea (2), Netherlands (2), 

Spain and the United States. The Full-Scale 

Noise Measurements Methods questionnaire so-

licited responses to questions related to five gen-

eral categories; 1) Test site information, 2) Full-

Scale Hull/Propeller, 3) Hydrophone Infor-

mation, 4) Data Acquisition and Processing, and 

5) Correction Methods to Obtain Noise Source 

Levels. These Recommended Procedures and 

Guidelines are drafted from the responses from 

this questionnaire and from various Standards 

and technical reports on this topic. 

2. NORMATIVE REFERENCES 

The following referenced documents are 

used to develop the present guidelines. 

ANSI/ASA, 2009, “Quantities and proce-

dures for description and measurement of under-

water sound from ships, Part 1: General require-

ments”, ANSI/ASA S12.64-2009/Part 1. 
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ISO, 2012, “Acoustics-Quantities and proce-

dures for description and measurement of under-

water sound from ships, Part 1: General require-

ments for measurements in deep water”, 

ISO/PAS 17208-1:2012(E). 

DNV, 2010, “Silent Class Notation”, Det 

Norske Veritas (DNV), Rules for Ships, January 

2010, Pt 6, Ch. 2. 

ISO, 2013, “Ships and marine technology- 

Protecting marine ecosystem from underwater 

radiated noise- Measurement and reporting of 

underwater sound radiated from merchant 

ships”, ISO/CD 16554. 

TNO, 2011, “Standard for measurement and 

monitoring of underwater noise, Part 1: physical 

quantities and their units”, TNO-DV 2011 C235 

Van der Graaf, A.J., Ainslie, M.A., André, 

M., Brensing, K., Dalen, J., Dekeling, R.P.A., 

Robinson, S., Tasker, M.L., Thomsen, F. and 

Werner, S., 2012, European Marine Strategy 

Framework Directive - Good Environmental 

Status (MSFD GES): Report of the Technical 

Subgroup on Underwater noise and other forms 

of energy. 

3. MEASUREMENT REQUIRE-

MENTS AND PROCEDURE  

3.1 Introduction 

Documentation and reporting of information 

regarding the test site where underwater meas-

urements are made are critical to the resulting 

usefulness of the measurements. Once measure-

ments are obtained at a test site there needs to be 

sufficient information to allow appropriate test 

configuration and site/environmental related 

corrections to be made to arrive at noise source 

levels for the ship. This provides test site inde-

pendent noise source levels which are used with 

noise propagation models to estimate ship noise 

impact when the ship is operating at other loca-

tions or in other oceanic environments. The dis-

cussion in other sections of this document ad-

dress issues related to the requisite range correc-

tions.  

In this section on Measurement Require-

ments and Procedures are described: test site re-

quirements, measurement configuration, testing 

configuration and environmental conditions 

such as sea state and associated weather condi-

tions. 

3.2 Test site configurations 

The procedures and methods employed for 

full-scale noise measurements are dictated by 

the objectives and purpose of the measurements 

program; for example whether the measure-

ments are made on commercial, military, or pos-

sibly research vessels. The ANSI and ISO stand-

ards listed in §2 provide measurement standards 

that depend on the quality of measurements 

needed. Specifications for three grades of meas-

urement quality are provided; precision grade, 

engineering grade, or survey grade. As reference, 

of the eleven questionnaire responses, three 

were for sites that predominantly conduct under-

water noise measurements of military ships. 

Testing is generally done using either fixed 

or mobile measurement equipment with the ma-

jority of the sites responding to the questionnaire 

being of the latter, in part due to the intensity and 

cost of fixed facilities. It is noted that the three 

fixed sites also employ mobile equipment and 

were those that predominantly support measure-

ments of military ships. Additionally, five re-

sponding organizations reported using on-board 

measurement equipment, four of which use such 

equipment in addition to fixed and/or mobile 

range equipment. 
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All test sites employ some variation of two 

basic configurations for deploying hydrophones 

used to measure underwater noise; hydro-

phones(s) suspended from a surface buoy, or a 

configuration using a bottom anchor and subsur-

face riser buoy combination onto which the hy-

drophones are attached. Four of the responses to 

the questionnaire used some variation of bottom 

mounting of which three were sites that predom-

inantly support military measurements. Five re-

sponses used a configuration either suspended 

from a ship or a buoy.  

Water depth at a test site is an important is-

sue in terms of the quality of measurements that 

can be obtained and the type of deployment sys-

tem that is used. While preference is naturally 

for deep water test sites, the infrastructure 

needed to make measurements in deep water is 

more complicated and periods of low back-

ground noise (low sea state conditions) are less 

often. 

Acoustically, shallow water conditions are 

regarded as those for which acoustic propaga-

tion is influenced by both the sea surface and the 

sea bottom. The typical depth-to-wavelength ra-

tio defining shallow water is about 10 to 100 for 

long range propagation. However, it is difficult 

to accurately distinguish shallow water from 

deep water since acoustic wave propagation 

strongly depends on the complicated ocean en-

vironment and on the source-receiver configura-

tion.  

The depth of water in which measurements 

should be made depends on the frequencies of 

interest, the noise characteristics of the ship and 

the geo-acoustic characteristics of the bottom. 

To minimize bottom effects the ANSI and ISO 

standards recommend tests be conducted with 

minimum water depth of 300 m or three times 

ship length for the highest grade measurements, 

150 m or 1.5 times ship length for middle grade 

measurements and 75 m or 1 times ship length 

for the lowest grade measurements. 

If shallow water testing is required it is rec-

ommended that information on the geo-acoustic 

characteristics of the floor (bottom) of the test 

site be acquired. This information can then be 

used as input to noise propagation models to cor-

rect measured results for the influence of bottom 

effects. 

Bottom effects on sound propagation can be 

estimated from either measurements (towed 

known source) and/or calculations of transmis-

sion loss. When directly measuring transmission 

loss, the known source should be towed along 

the same path as the target ship, keeping a depth 

nominally the same as the acoustic center of the 

test ship. Either a set of single frequencies or 

broad band noise can be used for the known 

source. Both the sound speed profile of the water 

column and geo-acoustic properties of the bot-

tom are needed for numerically estimating the 

transmission loss. When estimating transmis-

sion loss it is recommended a numerical model 

be used that includes near field effects, espe-

cially if application is for short source-receiver 

configurations. 

Measurement Configuration 

Underwater acoustic measurements are 

made using hydrophones either singularly or 

multiple hydrophones comprising an array. If 

hydrophone arrays are employed they may be 

used individually to provide spatially distributed 

sampling of a ship’s acoustic signature or may 

be coherently summed in some fashion to pro-

vide spatial discrimination, such as against am-

bient noise. The former approach is used most 

often to aid in correction for propagation issues 

such as due to surface reflections (Lloyd mirror) 

and/or possibly bottom bounce for shallow wa-

ter sites. Further discussions on hydrophones 

and data acquisition are provided below. 
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Sufficient supporting information regarding 

the manner in which the hydrophones, and pos-

sibly on-board equipment, are used to measure 

underwater noise should be provided to allow 

the measurements to be properly corrected to 

yield range-independent estimates of ship un-

derwater noise source levels and also confidence 

levels for the estimates. Such information in-

cludes, in part: manner by which hydrophone(s) 

are deployed and maintained in position; dis-

tance of each hydrophone from the surface and 

the bottom; manner of determining and main-

taining position of hydrophone(s); hydrophone 

signal telemetry and recording procedures; 

method of determining position of the test ship 

relative to the hydrophones during entire period 

for which measurements are made; and, signal 

conditioning, processing and analysis proce-

dures used to arrive at measured underwater 

noise levels. 

The testing sequence for measurements of 

underwater noise entails the test vessel sailing 

along a straight course past a sea surface refer-

ence point that is indexed to the location where 

the measurement hydrophones are deployed. 

During the passage, the ship maintains a prede-

termined speed and equipment line-up. Data 

from the hydrophones are continuously obtained 

during the period of vessel passage from a pre-

determined comex (start) to finex (end) of a test 

run (see Figure 1). The comex and finex posi-

tions of the ship along its track are set to provide 

the measurements needed to properly report, as 

described below, underwater noise levels. 

 

Figure 1 Path of ship during double run 

For commercial vessels, speed and power 

(S/P) trials are carried out at various engine 

powers before delivery of the vessel. During the 

S/P trials, at least four double runs including 

EEDI (Energy Efficiency Design Index as for-

mulated by IMO) power are to be performed. So, 

it is recommended that measurements of under-

water noise are to be performed during S/P trials 

at Contract and EEDI power. In case of series 

ship, measurement results of the first vessel rep-

resent noise performance of the other vessels.  

The track of the vessel is such that it passes 

the array with a closest point of approach (CPA) 

that is selected to meet specific test requirements. 

CPA is the closest horizontal distance the test 

vessel passes to the array index location as 

measured from the ship ‘acoustic center’. Ship 

acoustic center is a defined reference position on 

the ship which is meant to represent the location 

from which all underwater noise originates as if 

ship acoustic radiation is from a single point 

source. While specifically defining the acoustic 

center to be at the location where most acoustic 

radiation originates is helpful in later analysis, it 

is not critical and any corrections for source lo-

cation versus defined acoustic center that may 

be needed are straight forward. 

Due in part to the significant impact of the 

air-water interface at the sea surface has on 

propagation characteristics of underwater ship 

noise, it is important that special attention be 

given to positioning of measurement hydro-

phone(s) relative to the sea surface. The deploy-

ment arrangement for hydrophones recom-

mended in the ANSI and ISO standards depends 

on the grade of measurement needed. For the 

two higher grades it is recommended that a ver-

tical string of three hydrophones be deployed at 

depths such that when the test ship is at CPA, the 

geometrical configuration of ship-to-hydro-



 

ITTC – Recommended 

Procedures and Guidelines 

7.5– 04 

04-01 

Page 6 of 14 

Underwater Noise from Ships, Full 

Scale Measurements 

Effective Date 

2014 

Revi-

sion 

00 

 

  

phones be such that the hydrophones are at an-

gles of 15, 30 and 45, from the ship as meas-

ured from the sea surface. Measurements from a 

single hydrophone positioned at the 45 depth 

can be used for the lowest grade measurements. 

For the higher grade measurements using multi-

ple hydrophones, measurements from the indi-

vidual hydrophones are power summed, as de-

scribed later, to reduce the influence of the sea 

surface (Lloyd mirror) effects. It is recom-

mended that the ship track provide a minimum 

CPA of 100 m or one ship length. Signal propa-

gation losses and possible resulting reductions in 

signal-to-noise need to be considered if very 

long CPA tracks are run. 

3.3 Testing Configuration 

The manner and procedures followed for 

measuring underwater noise can vary amongst 

measurement sites due to site-specific require-

ments/restrictions, test objectives, and customer 

requirements. As such, information regarding 

testing procedures should be documented. Of 

particular importance is a clear description of 

the manner in which measurements were ob-

tained as related to the ship track relative to the 

hydrophone(s).  

Depending on the type of ship and associated 

noise mechanisms, the frequency range of un-

derwater noise being measured, characteristics 

of the test site, and due to the air-water sea inter-

face (free surface), measured underwater noise 

can vary depending on the aspect to the ship for 

which it is measured.  As a result, underwater 

noise may be measured and reported as a func-

tion of ship aspect for the range of ship operating 

conditions (speed, machinery line-up, etc.) of in-

terest. Here ship aspect refers to the azimuthal 

location where measurements are made relative 

to the ship with bow, starboard-beam, port-

beam, and stern being cardinal aspects. In addi-

tion to azimuthal aspects, for some ships meas-

urements for a keel aspect may also be made. 

While there is consensus on what is meant by 

beam aspect, which is the most common aspect 

reported, there is a lack of common definition 

for what is meant by keel, bow or stern aspects. 

Much of this ambiguity is due not only to indi-

vidual testing objectives but also to capability 

limitations at a given test site. Thus a clear de-

scription of test configurations should be pro-

vided if aspects other than beam are reported. 

Beam aspect levels are defined as the aver-

age noise levels measured over the time period 

for which the ship tract is ±30 of CPA. If high 

accuracy estimates are needed, the continuous 

noise measurements over the ±30 sector should 

be subdivided into short time intervals (typically 

1 second) and individually corrected for propa-

gation effects and then power averaged over the 

±30 sector to arrive at the estimate for beam as-

pect levels. Lower grade estimates can be made 

based on a simple time average of levels cover-

ing the full period over which the ship is sailing 

the ±30 sector.  

It is recommended that for each operating 

condition of interest, a minimum of two sets of 

measurements be acquired for both port and 

starboard aspects to allow for averaging and de-

termination of any possible port-starboard 

asymmetry that needs to be accounted for. For 

high grade measurements, as defined in the 

ANSI and ISO standards, it is recommended that 

three runs for each aspect and condition be ob-

tained. Whether port and starboard levels are av-

eraged to provide a single beam aspect level de-

pends in part on the similarity of levels between 

the two sides.   
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3.4 Environmental Conditions 

Environmental conditions at the time of un-

derwater noise measurements can significantly 

influence not only the understanding of, but also 

the quality of results obtained and thus need to 

be well documented. For example: information 

regarding water quality and characteristics may 

be needed to make proper range corrections; 

wind speed and direction may have an influence 

on ship hydrodynamic performance, and hence 

acoustic performance, and must be considered 

during a measurement regime; and, ambient un-

derwater noise, which sets a noise floor for ship 

underwater noise measurements, is a function of 

wind speed and wave height. It is recommended 

that the following environmental conditions be 

monitored during measurements of underwater 

noise and reported as considered necessary. 

Probably the most important environmental 

parameter to monitor is background noise. It is 

recommended that whenever possible, back-

ground noise be monitored during the conduct of 

all underwater noise measurements and that all 

reported underwater noise measurements be ac-

companied with a statement of the background 

noise levels that existed at the time the measure-

ments were made. This statement is usually 

given in terms of a signal-to-noise (SNR) esti-

mate expressed as the number of dB the ship 

noise levels were above ambient levels. It is 

noted that background noise levels are also com-

monly reported in terms of noise levels for 

equivalent Sea State levels (or, in terms of 

equivalent Beaufort levels). That is for example, 

ambient noise levels were Sea State 3. 

Wind direction and velocity, and wave 

height and direction should be monitored and re-

ported as considered important to having poten-

tially impacted underwater noise measurements. 

Often limitations due to elevated background 

noise levels occur prior to limitations resulting 

from wind/wave issues. Depending on location 

and situation of the test site, it may be necessary 

to monitor and report water current at both the 

surface and at the hydrophone(s) location. Water 

depth should be monitored and to the extent it is 

not constant, reported along with the reporting 

of underwater noise levels. 

The final set of environmental parameters 

that are recommended to be monitored and re-

ported as necessary are, water temperature and 

density as a function of depth, and air tempera-

ture. Water temperature and density profiles are 

potentially needed for purposes of range correct-

ing underwater noise measurements. 

In addition to the environmental considera-

tions it is recommended that a maintenance in-

spection be made of the conditions of the below 

water-line hull and propeller(s), as close in time 

to the testing period as possible, and preferably 

prior to testing to allow for any possible correc-

tive actions that may be determined to be 

needed.  Particular attention should be given to 

the conditions of the propeller(s) and the possi-

bility of excessive marine growth.  Results of 

this inspection should be included in the final re-

porting. 

4. DATA ACQUISITION AND PRO-

CESSING 

4.1 Introduction 

During the underwater noise measurements, 

accurate data acquisition, recording, processing, 

and displaying data from the hydrophone(s) is of 

great importance. Such systems may comprise 

tape recorders, self-recording hydrophone(s), 

computer-based data acquisition systems or 

hardware-specific devices or combinations of 

these. Apart from these functions, the sound data 

processing system shall have a capability to es-

timate background noise levels so that products 

such as background noise adjusted levels and 
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distance (range) normalized levels can be pro-

vided, as well as assessments of data quality and 

accuracy. 

4.2 Data Acquisition 

4.2.1 Frequency range 

The measurement system should be capable 

of covering at least the frequency range of 10 Hz 

to 20 kHz with an appropriate sampling rate fol-

lowing Nyquist requirements. Resolution shall 

be at least 16 bits in the dynamic range of ana-

logue-to-digital data sampling. 

4.2.2 Hydrophone information 

The hydrophone(s) should have the band-

width, sensitivity and dynamic range necessary 

to measure underwater noise from the ship under 

test. Usually, commercially available hydro-

phones of piezoelectric type are used for meas-

urement of underwater sound pressure levels. 

Hydrophone(s) should be omnidirectional 

across the required frequency range. The usable 

frequency range starts from about a few Hz or 

even less and the upper limit is usually of about 

100 kHz. The maximum operating pressure 

ranges between 40 atm and 100 atm, with the 

latter allowing measurements down to 1000 m 

ocean depth. A built-in preamplifier can be of 

great importance to provide signal conditioning, 

particularly for transmission over long underwa-

ter cable.  

The sensitivity should be as high as possible 

and consistent with the usable frequency range. 

Typical values range between –165 to –215 dB 

re: 1 V/μPa. 

The number of hydrophones employed for 

ship noise measurements varies depending on 

the application and typically range between 1 

and 10. As discussed above, for example the 

ANSI and ISO standards recommend the use of 

3 hydrophones for the array configuration for 

higher grade measurements. 

4.2.3 Calibration of instrument 

System calibration can be undertaken either 

as a full system calibration, or a calibration of 

individual components. For full system calibra-

tion, the complete measurement chain (hydro-

phone, amplifiers, cabling, filters, signal condi-

tioning equipment, and analogue-to-digital con-

verter (ADC)) should be tested before deploy-

ment to ensure that the equipment fulfils speci-

fications using known electrical input signals 

and/or a hydrophone-calibrator. For calibration 

of individual components, the instruments 

should be tested using known electrical input 

signal and a hydrophone-calibrator. The calibra-

tion should cover the full frequency range of use 

and be compliant to national or international 

standards such as IEC 60565 (2006) or ANSI 

S1.20-2012. 

Electronic filters should be used for: anti-ali-

asing purposes, to reduce influence of very low 

frequency parasitic signals, signal equalization 

across the frequency range, and might also be 

used after amplification to condition the signal 

before digitization. Filters must be characterized 

over the full operating frequency range of the 

system. 

4.2.4 System self-noise 

The system self-noise, or electrical noise, is 

a crucial parameter when measuring underwater 

noise. The noise equivalent pressure level may 

be calculated from the system electrical noise 

using the system sensitivity. To achieve accepta-

ble signal-to-noise ratios when measuring 

acoustic signals, the system self-noise equiva-

lent sound pressure level should be at least 
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10 dB below the lowest noise level to be meas-

ured in the frequency range of interest. 

4.2.5 Dynamic range 

The system dynamic range should ideally be 

sufficient to enable both the highest and the low-

est expected sound pressure levels to be rec-

orded faithfully without distortion or saturation. 

It is usually assessed as a function of SNR. The 

resolution of the recording should be at least 16-

bit, but if possible 24-bit. 

4.2.6 Sensitivity 

The calibration of the hydrophone and re-

corder should be done with an overall uncer-

tainty of about 1 dB (expressed at a 95 % confi-

dence level). The calibration should be taken 

both before and after the measurements. It is not 

necessary to specify the required sensitivity to 

within a narrow tolerance band, as long as it is 

accurately known. Considering the required 

noise performance and dynamic range, and the 

performance range of available electronic com-

ponents, the system sensitivity is recommended 

to be in the range –165 to –185 dB re: 1 V/μPa. 

4.2.7 Background noise measurements and 

auxiliary data 

Background noise measurements must be 

performed with the same instrumentation and 

acquisition system used for ship noise measure-

ments and with the ship sufficiently far from the 

hydrophone (typically more than 2 km) and in 

stationary condition so as not to contaminate the 

background noise measurements. All vessel sys-

tems including diesel generators remain in oper-

ation.  

To the extent possible, background noise 

levels should be periodically monitored and at a 

minimum background noise measurements 

should be taken and documented at the begin-

ning and the end of each test period (typically 

day or half-day of measurements) unless traffic 

or weather conditions (wind, sea state) signifi-

cantly change (e.g. wind variation >5 Knots). 

When weather conditions or background noise 

levels sensibly change, but not such as to pre-

vent the execution of measurements, new back-

ground noise measurements need to be obtained.  

Acceptable sea state levels for which ship noise 

measurements can be made are generally set as 

requiring that ship noise levels be a specified 

number of dB higher than background noise lev-

els (see §4.3.1). 

To avoid signal contamination from noise 

due to the moorings, or local pressure fluctua-

tions from turbulence due to interaction of the 

water flow with the measuring system, careful 

design of the deployment system is necessary. It 

is suggested to measure the acceleration of the 

hydrophone mount structure to assess the influ-

ence of vibrations on measured underwater 

noise. In general, it is recommended to record 

any auxiliary data that may be relevant, as de-

scribed in the summary table of section 4.4, so 

that these may be correlated with the measured 

noise levels during analysis. 

4.3 Data Processing 

Measured underwater noise radiated from a 

test vessel shall be processed to adjust for back-

ground noise contamination and distance nor-

malization to equivalent levels measured at 1 m 

from the acoustic center. The processing should 

be conducted by narrow band (typically 1 Hz) 

analysis in the frequency range between 20 Hz 

to 2 kHz and one-third octave band throughout 

the 20 Hz to 20 kHz frequency range. Back-

ground noise pressure, 𝑝n, shall be determined 

as described in §4.2.7, following the same anal-

ysis procedures and in the same bandwidths as 

the underwater noise.  Other corrections that are 
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usually made are for bottom and free surface ef-

fects.  

For reference, it is noted that in the context 

of noise assessment, the sound pressure level (in 

dB) is the fundamental quantity of sound pres-

sure, and it is defined in terms of a pressure ratio 

as follows: 

𝐿𝑝 = 10 log
10

(
�̅�𝑟𝑚𝑠

2

𝑝𝑟𝑒𝑓
2 ) (4.1) 

where 𝐿𝑝 is the sound pressure level in dB, 

�̅�rms is the root-mean-square of the acoustic 
pressure, and 𝑝ref is the reference pressure set 

normally to 1 μPa for water. 

Calculation of the power sum of levels from 

individual hydrophones, when the levels from 

the individual hydrophones are expressed in dB, 

is given as: 

𝐿sum = 10 log
10

[∑ 10(𝐿𝑖 10⁄ )𝑁
𝑖=1 ]   (4.2) 

where, 𝐿sum, is the power sum in dB, 𝐿𝑖  is the 

level given in dB for the 𝑖-th hydrophone, and 𝑁 

is the number of hydrophones to be summed.  If 

a power averaged value is wanted, the sum in-

side the [] bracket should be divided by 𝑁. 

4.3.1 Correction for background noise 

Background noise corrected radiated noise, 

𝐿𝑝
′ , shall be calculated from the measured under-

water sound pressure levels radiated from the 

test ship, 𝐿𝑝s+n
, which are a sum of both ship 

sound plus contaminating background noise, 

𝐿𝑝n
. Calculations of background noise corrected 

noise levels are made by the following equation:  

   s n n
/10 /10'

1010 log 10 10
p pL L

pL   
  

  (4.3) 

where: 

𝐿𝑝
′ :  Underwater sound pressure level (dB) 

of the test ship after background noise adjust-

ment 

𝐿𝑝s+n
:  Underwater sound pressure level (dB) 

including background noise obtained at meas-

urement for the test ship 

𝐿𝑝n
:  Underwater background noise level (dB) 

As a measure of background noise contami-

nation, the difference in level, ∆𝐿 (expressed in 

dB), between measured underwater sound pres-

sure levels for the test ship and background un-

derwater sound pressure levels should be calcu-

lated for each measurement frequency band as:  

∆𝐿 = 𝐿𝑝s+n
− 𝐿𝑝n

= 10 log
10

(
𝑝s+n

2

𝑝n
2 ) (4.4) 

If the value of ∆𝐿 is less than 3 dB, the back-

ground noise is considered too large in compar-

ison with the measured sound pressure level and 

the measurement for the test ship should be re-

garded as “less quality”. On the contrary, if ∆𝐿 

is greater than 10 dB then no adjustments are 

necessary. Finally if 3 dB ≤  ∆𝐿 <10 dB, adjust-

ment if measurements, following eq. (4.1), are 

required. 

4.3.2 Correction for propagation loss 

Propagation loss from the sources (or from 

1 m reference distance) to the measurement 

point should be measured. If such measurements 

are not possible, distance normalization can be 

applied assuming spherical spreading. For 

spherical spreading underwater sound radiated 

noise level 𝐿s can be calculated according to the 

following equation: 

𝐿s = 𝐿𝑝
′ + 20 log

10
[

𝑑

𝑑𝑟𝑒𝑓
]   (4.5) 
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where 𝑑ref  is the reference distance of 1 m 

and 𝑑 (in meters) is the distance between the test 

ship acoustic center and the locations of the hy-

drophone(s). 

The location of the acoustical source center 

depends on applications but is generally placed 

either at the propeller shaft center, at 0.7R above 

the shaft center, halfway between engine room 

and propeller, or at the ship acoustic center. 

4.3.3 Correction for bottom and free surface 

effects 

For hydrophones deployed from the sea bot-

tom in a fixture with hydrophone height above 

the bottom less than 0.2 m, reflections could af-

fect measurements. In this case the suggested 

correction factor, arising from the assumption 

that all incident energy is scattered and redistrib-

uted into the water with no transmission into the 

bottom, is to reduce levels by 5 dB (Jensen et al., 

2011, Urick, 1983).  

Measurements of underwater noise from sur-

face ships need to be interpreted with recogni-

tion of the influence of the sea surface which 

acts as reflecting plane with the acoustic signal 

reflecting from the sea surface being out of 

phase with the primary acoustic signal. The 

acoustic pressure measured by a hydrophone ex-

hibits the spatially-dependent constructive/de-

structive pattern (Lloyd mirror) resulting from 

the coherent sum of the two signals. The com-

plex interference pattern that forms is a function 

of both source and receiver locations and the 

conditions of the sea surface, all of which are 

difficult to fully and accurately account for dur-

ing field measurements. 

To minimize the influence of sea surface re-

flections it is recommended that reported ship 

noise levels be calculated as the power average 

of the range corrected 𝐿𝑠  levels measured at 

each of the three hydrophones in the vertical ar-

ray of hydrophones described in §3. This pro-

vides a spatial averaging that greatly reduces 

constructive/destructive effects. 

4.4 Uncertainty analysis 

4.4.1 Sources of uncertainty or error 

There are three primary sources of uncer-

tainty in determining the underwater acoustic 

signature of a ship: errors in the data acquisition 

and processing system; variations in, or im-

proper accounting for source-to-receiver trans-

mission issues (bottom and surface effects); and, 

repeatability of the ship signature itself.  In re-

porting ship signature levels, attention should be 

given to providing some quantification, or 

bounding, of the magnitude of each of these un-

certainties or errors.  It is noted that many of the 

earlier recommendations and procedures were 

made to minimize these types of uncertainties. 

4.4.2 Quantification and minimization of er-

rors 

Following the recommendations and proce-

dures in §4 estimates of error resulting from the 

data acquisition and processing system can be 

made using standard procedures such as those 

provided by the ISO documents listed at the end 

of this section.  Adopting modern data acquisi-

tion procedures, dedicating particular attention 

to system maintenance, and performing sched-

uled calibrations should result in these errors be-

ing of marginal concern.   

As discussed in §3, measurements of under-

water ship signatures are greatly influenced by 

on-range environmental conditions which in-

clude both the effects on source-to-receiver 

propagation characteristics (transmission) of the 

sea surface and ocean bottom and the contami-

nation effects of background ocean noise.  To 
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minimize propagation-related errors, range 

propagation characteristics should be well doc-

umented based on dedicated acoustic calibra-

tions such as those from towed known source 

calibrations.  Results of calibrations of this type 

should be included in any reporting of underwa-

ter ship noise measurements to allow the cus-

tomer to estimate the impact of this error when 

using the reported ship noise measurements.  

Procedures for accounting for background noise 

were provided in §4.3.  To minimize this error, 

careful attention should be given to monitoring 

background noise and ensuring that for each un-

derwater noise measurement there is a measure-

ment of background noise representative of what 

existed during the ship noise measurement.  It is 

also offered that if possible, the conduct of test 

runs be modified during the testing period so 

that if testing of specific ship conditions are ex-

pected to result in lower underwater noise levels, 

these test be conducted during period of low 

background noise. 

The third source of error is that of repeatabil-

ity. Repeatability issues arise predominantly 

from either variations in the ship signature or 

variations in conduct of the test.  Ship signature 

variations may occur due to unrealized changes 

in ship operations (equipment line-up, speed, 

etc.) or due to variations resulting from changes 

in seaway conditions (currents, wave action, 

etc.).  Errors due to ship operations are mini-

mized by careful attention to ship conditions and 

indoctrination of ship’s crew as to the impact of 

ship operations on the signature.  There is little 

control over errors resulting from seaway condi-

tions other than conducting tests only during fa-

vorable weather conditions, which is generally 

not possible.  Careful documentation should be 

made of both weather and seaway conditions for 

all ship signature measurements so that the pos-

sible influence of this error can be assessed. To 

minimize seaway-related errors it is recom-

mended that multiple sets of measurements be 

made for each condition with the reported signa-

ture being an average of these individual results. 

§3.4 provides a discussion of the multiple sets 

recommended by both the ISO and ANSI stand-

ards. 

4.4.3 Uncertainty Analysis Regulations and 

Recommendations 

Customers should be informed of the uncer-

tainty assessment methodology that will be used 

and which uncertainties can be expected for the 

underwater noise measurements. The uncer-

tainty assessment methodology should inform 

about the magnitude of the following errors and 

how they are accounted for in the reported ship 

signature levels: 

1) System calibration (hydrophone through to 

A/D system) 

2) Random and bias errors associated with sig-

nal processing (narrowband, one-third-oc-

tave analysis, etc.) 

3) Source-to-receiver transmission errors/vari-

ability (typically given as ± dB) 

4) Signal-to-Noise levels for reported ship sig-

natures 

5) Error bounds based on analysis of repeata-

bility (typically given as maximum and min-

imum levels bounding reported level), and 

6) Where possible, both random and bias error 

estimates should be provided. 

The uncertainty analysis should be done in 

accordance with the following regulations/rec-

ommendations: 

ISO, 1992, “Measurement Uncertainty,” 

ISO/TC 69/SC 6. 

ISO, 1993a, “Guide to the Expression of Uncer-

tainty in Measurement,” ISO, First edition, 

ISBN 92-67-10188-9. 
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ISO, 1993b, “International Vocabulary of Basic 

and General Terms in Metrology,” ISO, Second 

edition, ISBN 92-67-01075-1. 

5. REQUIRED AND RECOMMENDED 

DATA 

In addition to the recommendations provided 

in §3, particulars of the test ship, measurement 

system, graphic of the measurement results and 

environmental condition shall be considered 

during noise measurements. 

The particulars can be categorized into "re-

quired data " and in "recommended data ". If the 

latter are considered, the reliability and the qual-

ity of the measurements will considerably be im-

proved. Required and recommended data are il-

lustrated in Table 1 
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Table 1; Required and recommended data 

 Required Recommended 

General infor-

mation 

(Ship, propel-

ler operating 

conditions) 

 Type of ship 

 Engine power, RPM and ship speed 

for each run 

 Propeller main particulars  

 Shaft immersion and number of 

shafts 

 Tip clearance 

 Known problems or concerns that 

may affect underwater sound levels 

 IMO number 

 Classification 

 Year of construction 

 Ship main particulars 

 Propeller geometry data (Section, 

Pitch, Chord distribution, etc.) 

 Propeller design conditions 

 Drawing of stern shape including 

arrangement of appendages  

Position and 

time of the 

measurements 

 GPS-coordinates of the measurement 

system and the test ship positions 

 Depth of water 

 Distance to coast 

 Sea bottom type/sediment type 

 Date and time of measurement at 

each run 

Environmental 

conditions 

 Water temperature 

 Weather and sea-state 

 Background noise level 

 Hull and propeller(s) inspection 

 Salinity of the water 

 Wind speed and rate of rainfall 

 Vessel traffic 

Design of 

measurement 

system 

 

 Deployment of the system 

 Number of hydrophone(s) 

 Position of hydrophone(s) 

 Depth of hydrophone(s) deployment 

 Hydrophone manufacture, model 

number and sensitivity 

 

Instrumenta-

tion 

 

 Review of data acquisition system 

 Type, frequency range, directionality, 

sensitivity 

 Data sampling rate 

 Type and settings of amplifier and fil-

ters 

 Field calibration method and re-

sults 

 Factory calibration data 

Measured re-

sults and anal-

ysis 

 Measuring period 

 Underwater sound pressures 

 1/3 octave band 

 Narrowband 

 Source levels 

 Vibration characteristics of ship 

hull 

 Operating machineries 

 Time series 

 


