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REZUMAT. La momentul actual, România nu dispune de înregistrări sau analize ale amprentelor acustice ale 
navelor de suprafaţă care pot constitui potenţiale ameninţări (precum ambarcaţiuni rapide deghizate în nave 
de agrement sau pescuit) la adresa obiectivelor aparţinând infrastructurii critice aflate în proximitatea 
litoralului românesc al Mării Negre.  Ţinându-se cont de prevederile Codului Internaţional pentru Securitatea 
Navelor şi a Facilităţilor Portuare - ISPS, adoptat de Organizaţia Maritimă Internaţională - IMO, în cadrul 
proiectului „Sistem pentru detecţie, localizare, urmărire şi identificare a factorilor de risc la adresa obiectivelor 
de importanţă strategică din zone de litoral” – SIROLC, dezvoltat în Programul Naţional de Cercetare 
Dezvoltare Inovare - PN II, echipa de cercetători a realizat un subsistem hidroacustic de determinare a 
amprentelor navelor de suprafaţă. Lucrarea prezintă o parte din rezultatele obţinute pe parcursul stabilirii 
cerinţelor şi configuraţiei acestui subsistem. 

Cuvinte cheie: amprentă acustică, infrastructură critică, Cod ISPS, subsistem hidroacustic, factori risc, nave de 
suprafaţă. 

ABSTRACT. Romania does not currently have recordings or analyses of acoustic signals of surface ships that 
can become potential threats (such as: fast boats disguised as leisure or fishing boats) towards objectives that 
are part of critical infrastructure sited in proximity of the Romanian Black Sea Littoral. Considering the 
provisions of the International Ship and Port Facility Security Code - ISPS, adopted by the International 
Maritime Organization, trough the project „System for detection, localization, tracking, and identification of 
risk factors to strategically significant objectives in coast areas”, project developed within the National 
Research Development and Innovation Program - PN II, the research team has created a hydro-acoustic 
subsystem for determining the signatures of surface ships. This paper presents a part of the results obtained 
during the definition of requirements and configuration of this subsystem.  

Keywords: acoustic signals, critical infrastructure, ISPS Code, hydro-acoustic subsystem, risk factors, surface 
ships. 

1. INTRODUCTION 

The development of counteraction capabilities 
against threats to military and civilian objectives in 
the coast area is based on progress in several areas:  

– knowing the threat; 
– clear definition of mission and requirements; 
– technological level; 
– means of response. 
There are no up-to-date recordings and assess-

ments of acoustic signatures of potential underwater 
targets (divers and divers transport vehicles) of surface 
targets (fast crafts disguised in pleasure or fishing 
boats). This state determines major difficulties in 
designing passive sonar systems: determining target 
strength, the detection probability threshold and 
reduction of false alarms. By establishing a hydro-
acoustic system for determining the signature of poten-
tial threats there is enabled the further development of 
sonar systems in fixed or expandable configuration, for 

ensuring the security of critical objectives such as 
marine platforms, roadstead ships and port access 
channel. 

2. MODELING MARINE NOISE 

Underwater noise may be generated by natural or 
anthropogenic sources. In the past 50 years, there is 
noted a ten-fold increase of the anthropogenic 
component, particularly in coast areas, both in the field 
of low frequencies (<500 Hz) and medium frequencies 
(500 Hz …20 kHz), paralleled by the decrease of the 
biological component contribution to natural noise. 
The increase of environmental noise in coast areas is 
caused by increasing marine traffic, development of 
dredging and harnessing operations, the intensification 
of geological explorations and hydrocarbons ex-
ploitations, the increase of naval exercises and 
recreational activities. 
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From the perspective of sonar system performance 
appreciation, ship protection against detection systems, 
and environment protection, the activity of determining 
the ship generated marine noise is of paramount 
importance. 

One model employed to assess the ship generated 
ambient noise is the RANDI model. This model uses 
as input parameters the ship length and speed (along 
with an empirical model for power computation) to 
determine the ambient noise for a wide band (5-
500 Hz), for various ship classes. 

In order to apply the model a naval database needs 
to be created and updated, which should include the 
ship type and name, its speed, the propulsion system 
characteristics, etc.  

The information sources for this database can be: 
radio and data communications from radar stations, 
with interpolation of each tracking ship’s position 
(every 4 to 5 minutes), AIS systems, etc. 

For the prognosis of noise level, the RANDI 
(ver.3.1) model divides the ships based on their length, 
in 7 classes: 

– L1: length ≤ 10 m; 
– L2: 10 m > length ≤ 25 m; 
– L3: 25 m > length ≤ 50 m; 
– L4: 50 m > length ≤ 100 m; 
– L5: 100 m > length ≤ 200 m; 
– L6: 200 m > length ≤ 290 m; 
– L7: length > 290 m. 
For the computation of spectral density level  

(dB re 1 μPa/√Hz @1m) for each ship, RANDI 
employs the following relationship (derived from Ross 
classic model of power law): 
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where: 
– cv and cL are weighting coefficients (expressed in 

units of spectrum level) for speed and length, 
respectively. The absolute values of these coefficients 
are: cv= 6 and cL= 2, 

– v0 is the reference speed: 12 Nd; 
– l0 is the reference length: 100 m;  
– Ls0 denotes a reference average spectral power, 
– g(f, l) is a supplementary correction as compared 

to Ross model, which depends on the ship’s length. 
If for relatively large ships there are equations to 

asses the maximum level of the marine radiated noise, 
for small fast crafts or autonomous divers there have 
not been identified any such models.  

The existing models do not supply any details 
regarding hydro-acoustic signatures of such potential 
targets so that, through the analysis of received signals, 
high precision identification of threats would be 
possible.  

3. MEASUREMENT OF MARINE NOISE 

Separated determinations of maximum levels of 
noise spectral density for several ship classes, vary 
from 195 dB ref. µPa2/Hz @1m for marine tanks 
moving at high speed, up to 140 dB ref. μPa2/Hz @ 1 
m for small fishing ships. Small ships do not have a 
major contribution to global background noise. But 
they can significant local noise sources. A recent study 
(Bartlett & Wilson, 2002) of noise level generated by 
small ships in shallow waters indicate for the frequency 
range 35-1200 Hz the spectral density peak value in the 
range 145 - 150 dB ref. 1 μPa2/Hz @ 1 m. 

One major requirement for noise measurement 
systems is related to following the standard established 
methodology, instruments, procedures, parameter 
definitions, methods of interpretation and presentation 
of measurement results. 

STANAG 1136/ Ed3 (promulgated) „Standards for 
use when measuring and reporting radiated noise 
characteristics of surface ships, submarines, helicopters 
etc. in relation to sonar detection and torpedo acqui-
sition risk” is the unique standard which describes in 
details noise measurement methodologies and con-
figurations, and is specific to the military area. 

The standard establishes a set of principles and 
methods for measuring and reporting the noise level 
radiated in the marine environment by surface ships, 
submarines, helicopters, etc., for NATO member states 
which have accepted and implemented this standard, in 
order to achieve interoperability in determining the 
possibility of detection of their own sonar systems and 
determining the torpedoes and naval mines related 
risks to which specialized platforms are subjected. 

Reports according to STANAG 1136 supply the 
following information: 

– information on various characteristics of the ship 
radiated noise in a state that can be used in the sonar 
equation, and also its characteristics as target detectable 
by torpedo-mounted sonar and guidance devices. 

– the possibility to compare the noise characteristics 
radiated by same-class ships and thus to transmit to 
corresponding authority level the signal regarding the 
noise characteristics deviations, to determine the 
degree of emergency of the imposed reparations, and 
the determining cause. 

– detailed recordings of noise characteristics as 
technical reference, especially regarding the further-
ships design.  

Major components of a system according to 
STANAG 1136 requirements and some relevant 
characteristics are: 

– the support ship; 
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– hydrophones (one „T” track hydrophone, placed 
on the ship track – for the detailed study of the noise 
radiated in the frequency range: 10 Hz …1200 Hz and 
one „B” band hydrophone, placed at minimum 100 
meters from the ship track - for the detailed study of 
the noise radiated in the frequency range: 10 Hz 
…80.000 Hz; 

– data acquisition and processing system ensuring 
the recording of signals of maximum frequency 
100 kHz, on the two channels to which the hydro-
phones are coupled. The system enables the analysis in 
ranges 1/1 and 1/3 octaves so that there can be deter-
mined the propeller cavitation start speed, details on 
the incidence and magnitude of large bandwidth noise 
modulation due to periodic signal generated by blades. 

Hydrophone B shall be placed at depth between 9 
and 36 meters, and the track hydrophone shall be 
placed at depth larger than 20 meters. If water depth is 
in the range of 20 to 60 meters, hydrophone T must be 
placed on the sea bottom; if local water depth is larger 
than 60 meters, the sensor depth shall be one third the 
water depth. 

In the civilian area there are only standards in the 
process of elaboration or field regulation documents 
(reports, recommendations): 

– ISO/PAS 17208: 2012 – „Acoustics - Quantities 
and procedures for description and measurement of 
underwater sound from ships”; 

– ICES – Cooperative Research Report No. 
209/1995 – „Underwater Noise of Research Vessels 
Review and Recommendations” ; 

– ANSI/ASA S12.64-2009/Part 1,2 – „Quantities 
and Procedures for Description and Measurement of 
Underwater Noise from Ships”; 

– NPL Good Practice Guide No. 133/2014 – „Good 
Practice Guide for Underwater Noise Measurement”. 

Besides from these general regulations, there have 
been issued guides for noise measurements for types of 
anthropogenic sources. 

ANSI/ASA S12.64-2009 is the first official 
document of civilian use that describes the general 
systems of measurement, procedures and methodolo-
gies for measuring the noise generated by surface ships 
in the underwater environment.  

Further regulations regarding the definition of the 
representative standard parameter (the ambient noise 
level or the source equivalent level) and the issue of 
measurement and analysis procedures which can be 
used in shallow waters and in deep waters are still 
under debate within international work groups. 

In Table 1 there are presented the performance 
requirements for sensors and the measuring 
methodology of underwater noise generated by a 
surface ship, according to previsions of ANSI/ASA 
S12.64-2009/Part I and ISO/PAS 17208, 2012/Part I. 

3. CONCLUSIONS 

Along time, lists have been filled (that need con-
tinuous analysis and updating), on issues emerging 
from the design and production of protection systems 
against asymmetric threats.  

 
Table 1. Performance requirements for measuring underwater noise  

generated by a surface ship based on method complexity 
 

Complexity degree A B C 

   Method
Requirement 

Accurate method Engineer’s method Surveillance method

Wide frequency range 10 - 50000 Hz 10 - 25000 Hz 50 - 10000 Hz

Wide range resolution 1/3 ovtave

Narrow frequency range 10 - 5000 Hz on neccesity on neccesity

Number of hydrophones  3 3 1 

Hydrophones placement Vertically, athwart from the ship course, at one ship length distance

Hydrophones placement depth 15°, 30°, 45° from the ship’s alignment 15° from the ship’s 
alignment

Minimal water depth > 200 meters or 2 x the ship’s 
length 

> 150 meters or 1.5 x the 
ship’s length 

> 50 meters or 0.5 x the 
ship’s length 

Closest point of approach > 100 meters or 1 x the ship’s length 

Angular range of data recording (± CPA) ±30°

System sensitivity ≤3 dB below the accepted value of the sea state 0 (Knudsen) 

Number of passes 4 in total, 2 in the port side and 2 in the starboard side 4 in total, at least one in 
each side

Sea state ≤ 2

Supplementary measurements Engine revolution speed, wind 
speed and direction, sound 

velocity profile

Engine revolution speed, 
wind speed and direction 

Engine revolution speed, 
wind speed and direction
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Some difficulties maintaining their actuality, which 
have a major impact on the global performance of the 
protection system are:  

– inexact knowledge of all data that completely 
characterize the threat (specific signatures, evolution 
parameters, destructive potential) with direct implica-
tions on establishing the technical and operational 
characteristics: the surveillance area dimension, the 
type of employed sensors, angular and range reso-
lution, etc.; 

– difficult estimation of characteristics of the 
sources employed for threat control: counter-action 
type, effective type, reaction time, striking means; 

– the necessity of precise evaluation of general and 
specific environment conditions in some locations, in 
order to establish the type of sensors used, the 
detection performance, the need to employ redundant 
systems; 

– the necessity of processes automation for 
surveillance, detection, tracking and identification, 
imposed by the activity continuity and significance. 

Sufficiently rigorous modeling of the radiated 
signal in the marine environment by large classes of 
potential threats (ships, small fast crafts, divers, etc.) is 
extremely difficult.  

In this case, it is much more useful to perform 
measurements of hydro-acoustic signatures of such 
targets, and based on the measurements’ results, to 
design algorithms for threat detection and identi-
fication.  

At the moment of this analysis, there were not 
identified any unitary regulations regarding metho-
dologies and configurations for the measurement of 
underwater noise generated by various sources which 
can be asymmetrical threats against significant 
objectives in the coast area.  

At the same time, for surface ships there have been 
identified regulations assisting in performing re-
cordings of ship hydro-acoustic signature, there are no 
such documents for other types of threats (divers, 
underwater vehicles, etc.). 

At the current time, we consider that system of 
recording the hydro-acoustic signature of surface and 
underwater threats (ships, small crafts, autonomous 
divers and their vehicles, etc.) against littoral objectives 
must be attained by combining the previsions of 
STANAG 1136 and ANSI/ASA S12.64-2009/Part 1, 
2, including: 

– the support ship; 
– hydrophones (one track hydrophone of narrow 

range – 10 ÷1200 Hz, and 1÷3 hydrophones, vertically 

placed at various depths, of minimal frequency range 
10 – 80 kHz); 

– a data acquisition and processing system; 
– recording procedures. 
If in the case of system hardware components, the 

technical requirements are clear (minimum 2 hydro-
phones with frequency range below 50 kHz, etc.), in 
the case of measurement procedures there must be 
performed an intense activity for procedures validation.  

It is therefore imposed that in similar conditions 
(sea state, underway speed of the ship being tested, 
etc.), several sets of measurements to be performed in 
conditions specified by STANAG 1136 and 
ANSI/ASA S12.64, and the optimal method of deter-
mining targets acoustic signature to be established by 
means of statistical analysis of the measured data and 
comparative analysis between groups of data.  
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