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ABSTRACT  

Underwater radiated noise (URN) measurements are 

typically performed at steady-state speeds. However, 

certain vessels, particularly fishing vessels, undergo 

frequent transient maneuvers rather than constant speed. 

Transient operations introduce rapid variations in propeller 

loading, cavitation behaviour, and ship hydrodynamics that 

change the vessel’s noise levels. Despite their operational 

significance, the contribution of transient conditions to 

overall URN remains insufficiently quantified. 

This study experimentally investigates propeller-induced 

URN under both steady and transient operating conditions 

through full-scale sea trials of a fishing vessel in 

Newfoundland, Canada. For reference, the measurements 

were initially conducted at three constant propulsion 

speeds according to ISO 17208-1 to establish standardized 

steady-state reference levels. Transient trials included 

acceleration tests, straight reverse operations, and 10/10 

and 20/20 zigzag maneuvers.  

Results demonstrate that transient operations significantly 

increase URN levels compared to steady-state conditions. 

Acceleration maneuvers generated broadband levels 1015 

dB higher than corresponding steady-speed emissions. 

Zigzag operations and reverse propulsion also significantly 

amplify the vessel's radiated underwater noise. The study 

shows that conventional steady-state assessments may 

underestimate the acoustic footprint of fishing vessels 

operating under realistic conditions. This study will help to 

develop future measurement standards for vessels with 

inherently dynamic operational profiles. 
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1 INTRODUCTION 

Underwater radiated noise (URN) from ships has been 

proven to be a significant contributor to the ocean ambient 

noise. Over the past several decades, ambient noise levels 

in many coastal and shipping regions have increased 

substantially due to the rise in both the number and size of 

commercial vessels (Kaplan & Solomon 2016). Low-

frequency ship noise propagates over large distances and 

overlaps with the auditory sensitivity of marine mammals, 

fish, and invertebrates, potentially causing communication 

masking, behavioural disturbance, and physiological stress 

(Erbe et al 2019, Khopkar et al 2026). Additionally, ship 

radiated noise influences sonar performance, underwater 

communication systems, and acoustic monitoring 

operations. As a result, accurate quantification and 

characterization of ships’ URN have become a focus of 

underwater noise research. 

Ship radiated noises are conventionally assessed in steady-

state operating conditions, for example, constant speed or 

fixed heading, where the propulsion and hydrodynamic 

sources remain time invariant (Brooker & Humphrey 

2016). Numerous measurement techniques and analysis 

procedures have been developed to estimate ship radiated 

noise in steady conditions in both shallow and deep water 

(MacGillivray et al 2023, Ainslie et al 2022). These 

approaches aim to estimate representative source levels 

and spectral characteristics for vessels operating in 

controlled, quasi-stationary regimes. However, in real 

operation, ships frequently undergo transient maneuvering 

that can change the flow dynamics, propeller loading, and 

hull-fluid interactions (Tadros et al 2025). For example, the 

operational characteristics of fishing vessels are quite 

distinct compared to other types of vessels due to different 

fishing activities. Fishing vessels frequently change course 

and adjust engine power to control fishing gear, respond to 

catch conditions, and maintain stability in varying weather 

and sea states (Han et al 2025). Rapid changes in speed and 

heading make their operation inherently transient and 

dynamic compared to vessels that maintain steady cruising 

speeds, like cargo or container ships. 

  

  

 



Recent studies have examined URN characteristics of 

fishing vessels, though predominantly under steady 

operating conditions. Hovem et al (2015) conducted full-

scale measurements to analyze the URN of fishing vessels 

during controlled straight-line operating conditions. They 

quantified broadband and discrete tonal components 

associated with propeller and machinery and evaluated 

range-dependent transmission loss to guide accurate 

estimation of vessel source levels. Peng et al (2018) studied 

the URN characteristics of a small fishing boat in the 

shallow water of the South China Sea. Broadband noise 

below 30 Hz was dominated by background ambient noise, 

while URN at frequencies below and above 100 Hz was 

dominated by non-cavitation propeller noise and 

mechanical noise, respectively. Kumar et al (2019) 

measured underwater noise emissions from harbour-

operating fishing vessels and demonstrated that vessel 

movements caused a substantial increase in ambient noise 

levels, up to 20 dB, with the dominant contributions 

coming from propeller cavitation and onboard machinery 

below 500 Hz. Amron et al (2021) characterized the URN 

from traditional fishing boats in Cilacap waters, Indonesia, 

to examine the effect of distance on received sound levels. 

Fishing vessels emitted noise with broadband frequency, 

where noise signatures differed by vessel size, engine type, 

and operational speeds. Helal et al (2024) conducted 

experimental measurements of URN from a commercial 

fishing vessel under varying propulsion conditions, where 

they found strong low-frequency dominance linked to 

machinery and propeller activity. 

These studies demonstrate that the URN from the fishing 

vessels is dominated by low-frequency broadband and 

discrete tonal components of propeller and machinery 

sources. Additionally, the noise levels are highly 

dependent on vessel size, engine type, operational speed, 

and maneuvering. While published measurements for 

fishing vessels highlight mostly steady state operations, 

transient behaviours produce distinctive, higher-amplitude, 

and more variable underwater noise compared to steady 

state emissions. For example, studies on vessel speed 

changes showed that sharp accelerations and decelerations 

produce transient noise spikes that can exceed steady-

speed levels by 10 dB (Lagrois et al 2022). Additionally, 

motion-induced transient events (e.g., slamming, wake 

turbulence) introduce broadband noise and additional 

variability beyond steady-speed emissions (Parsons et al 

2021, Smith et al 2024). 

Currently, there are no standards internationally accepted 

for measuring, analyzing, and characterizing ship radiated 

noise during transient operations. Experimental 

frameworks for measuring and analyzing transient URN 

remain underdeveloped, although transient maneuvers may 

generate significantly different spectral and temporal noise 

characteristics. A systematic assessment of ship radiated 

noise characteristics during transient operations is essential 

for the development of measurement standards, acoustic 

modelling and mitigation strategies to reflect the realistic 

operating conditions. 

To address the gap and investigate the characteristics of 

URN between steady and transient fishing operations, this 

study experimentally investigates the URN from a fishing 

vessel under different transient operating conditions. A 

full-scale sea trial was conducted to analyze transient 

behaviours of URN, including acceleration tests, 10/10 and 

20/20 zigzag maneuvers, and straight reverse operations. 

Although the selected conditions are standard tests to 

assess vessel stability and responsiveness (Sutulo & Soares 

2021), these maneuvers impose distinct transient 

hydrodynamic conditions that are expected to influence 

propeller loading, wake patterns, and hull-generated noise.  

These tests also provide a structured framework to assess 

how frequent variations in speed and heading influence 

both broadband and tonal noise components that can 

provide insight for future standardization efforts. 

Full-scale steady-state tests were performed at three 

discrete vessel speeds to establish a quantitative reference 

in accordance with ISO 17208-1 (ISO 17208-1: 2016). The 

reference URN enables direct comparison between 

transient and stationary underwater noise signatures. 

Although ISO 17208-1 does not provide procedures for 

transient noise measurements, it offers methodologies for 

deriving different URN metrics and spectral analysis under 

standardized conditions.  

By integrating transient test conditions along with 

standardized steady conditions, this work moves beyond 

conventional URN characterization toward dynamic 

fishing vessel noise emissions. The results provide 

valuable information on the magnitude and spectral 

redistribution of URN during transient operations and 

highlight the limitations of steady-state metrics. Lastly, this 

study contributes to the realistic URN representations and 

design of future guidelines for the inherently transient 

nature of fishing vessel activity. The remainder of the paper 

details the methods (Section 2), results and discussion 

(Section 3), and conclusions (Section 4). 

2. METHODS 

2.1 Target Fishing Vessel 

The transient underwater noise characteristics were 

evaluated for target vessel F/V Petten’s Legacy during the 

experimental trials. It is the largest inshore fishing vessel 

constructed in Newfoundland (NL), Canada, as shown in 

Figure 1. 

Figure 1: Target fishing vessel “Petten’s Legacy” 



Although this vessel does not represent the typical fishing 

boats operating in the study area, it is equipped with a 

modern engine room, a bulbous bow, and hinged 

stabilizing fins, making it representative of modern 

engineering practices. The vessel is powered by a 995 HP 

MTU diesel engine, which drives a four-bladed propeller 

through a clutch. It is also equipped with three onboard 

generators, with two units located on the starboard side and 

one unit on the port side of the vessel. The particulars of 

the target vessel are presented in Table 1. 

Table 1: Principal particulars of the target vessel 

Parameters Information 

Length OA (m) 27.1 

Beam (m) 9.75 

Draft (m) 4.9 

Propulsion Diesel Engine 

Gross tonnage 400 

Maximum speed (knot) 11 

Engine MCR rpm (RPM) 1720 

Cruise Speed (knot) 8 

Rated rpm at cruise speed 1440 

Propeller type Right-hand fixed pitch 

Propeller blade number 4 

Fishing Species Crab, Shrimp, Cod 

 

2.2 Study Area and Weather Conditions  

Field experiments were conducted during November 2025 

in the sheltered coastal waters of Conception Bay South 

(CBS), NL, Canada, as shown in Figure 2. The site 

provided favourable conditions for underwater noise 

measurements due to its sheltered geographical settings 

and natural protection from strong winds and swell 

generated in the North Atlantic. 

  

Moreover, there was limited commercial shipping activity 

and relatively low background noise levels to isolate 

radiated noise from the target vessel. The steady and 

transient tests were conducted on the deep water of depth 

220m, where the seabed consisted mainly of muddy 

sediments. Weather conditions during the measurements 

were moderate, with southerly winds of approximately 18 

kt. During the trials, the wave height was about 0.65 m, 

with a dominant wave period of 3s. Water temperature 

decreased from 6.5 °C at the surface to approximately -1.5 

°C at a water depth of 180m. 

2.3 Measurement and Test Conditions 

Ship radiated underwater noise was recorded using a 

vertical array of three hydrophones deployed from a 

drifting buoy in accordance with ISO 17208-1 (ISO 17208-

1:2016). The icListen hydrophones, Model: RB9-ETH, 

were used in the study due to their omnidirectional 

response and flat frequency response. Due to the drifting 

nature of the buoy during the measurements, the ISO 

17208-1 recommended slant angles of 15°, 30°, and 45° for 

deep water (220 m in this case) could not be maintained.  

Consequently, the hydrophones were positioned at depths 

of 32 m, 63 m, and 94 m from the sea surface during the 

trials, as shown in Figure 3. During the trials, the sampling 

frequency was set at 128 kHz. The operating conditions for 

each trial were defined based on engine rpm rather than 

vessel speed, as rpm can be more precisely controlled 

during experiments. The vessel was first tested for the 

steady state conditions for three speeds, following the ISO 

17208-1 standard. The different transient test conditions 

are presented in Table 2. 

Table 2 : Test Conditions 

Test Conditions Speed (RPM) 

Steady test (ISO 17208-1) 972, 1440 and 1720 

Acceleration 0 to top speed 

Reverse  1100 and 1250 

Zigzag (20/20 and 10/10) 1300 

Background noise Engine on (600 rpm) 

Figure 2: Study area, CBS, Canada. Inset: Ship track 

(magenta) and buoy (red) 

Figure 3: Experimental set-up for URN measurements 



The background noise measurements were collected by 

moving the vessel approximately 2 km from the buoy and 

switching off all non-essential onboard sources, while the 

engine was idling at 600 rpm. During the background noise 

measurements, the propeller shaft was declutched. The 

positions of the vessel and buoy were recorded using high-

resolution Garmin GPS units. The GPS data were 

synchronized to accurately determine the closest point of 

approach (CPA) during each measurement. 

2.4 Signal Analysis Procedure 

The data recorded by the hydrophones during the trials 

were extracted, and analyzed to identify and remove any 

corrupted or contaminated segments. Hydrophones 

recorded all acoustic data in 24-bit signed integer format as 

standard WAV files, stored continuously in 1-minute 

segments. Data processing was performed in MATLAB 

using a user-developed program. 

The raw 24-bit integer time series was first converted into 

a digital voltage signal by scaling the integer range to [-1, 

1] and multiplying by the system’s reference voltage (3V), 

as shown in Equation (1). 

𝑉ADC(𝑡) = 3 × 𝐼𝑛𝑡(𝑡)  (1) 

Where 𝐼𝑛𝑡(𝑡) = recorded integer time series. The acoustic 

pressure waveform was then obtained by applying the 

hydrophone sensitivity correction, given in Equation (2). 

𝑝(𝑡) =
𝑉ADC(𝑡)

10
𝑆

20

  (2) 

Where 𝑆 = −177 dB re 1V/μPa  is the calibrated 

hydrophone sensitivity. The calibrated pressure signal was 

then preprocessed through three steps: i) mean removal to 

eliminate DC offset, ii) linear de-trending to suppress low-

frequency drift, and iii) application of a 4th-order zero-

phase Butterworth high-pass filter with a cutoff frequency 

of 5 Hz to attenuate low-frequency noise while preserving 

the phase characteristics of the waveform. 

A MATLAB program was developed to process the 

received time-series signals from each trial. Time–

frequency representations were obtained by computing 

spectrograms over the 10 Hz–20 kHz frequency range 

using a Hanning window with 50% overlap. The temporal 

variation of acoustic energy observed in the spectrograms 

was used to identify changes in broadband and tonal energy 

associated with the transient operational conditions, as 

shown in Figure 4. The relevant time segments were 

isolated and cropped from the original signals. The 

segments were synchronized with the experimental log, 

vessel speed and GPS information to estimate the CPA 

distances during trials. 

The cropped signals were further post-processed to 

compute power spectral densities (PSD) using the Welch 

method. The resulting PSDs were the receive noise levels 

(SPL) for each operational condition. The SPL was 

adjusted for background noise in 1/3 octave bands using 

Equation (3) to (5) in accordance with ISO 17208-1. 

𝐿ps+n
= 10 𝑙𝑜𝑔10 (

𝑝s+n
2

𝑝ref
2 )   (3) 

∆𝐿 = 𝐿ps+n
− 𝐿pn

= 10 𝑙𝑜𝑔10 (
𝑝s+n

2

𝑝n
2 )  (4) 

𝐿p = 10 𝑙𝑜𝑔10 [10
(

𝐿ps+n
10 𝑑𝐵

)
− 10

(
𝐿pn

10 𝑑𝐵
)
]  𝑑𝐵  

(5) 

Where 𝐿ps+n
 and 𝐿pn

 are receive noise level during the 

trials and background noise test, respectively. The signals 

were discarded when the signal to noise difference (∆𝐿) 

was less than 3 dB. Background noise adjustment was 

applied only when the difference between the signal and 

background noise lay between 3 and 10 dB using Equation 

(5). No corrections were applied for ∆𝐿 exceeding 10 dB. 

The adjusted SPL (symbol: 𝐿p ) levels were then post-

processed to evaluate radiated noise level (RNL, symbol: 

LRN) using the following Equations (6) and (7). 

𝐿RN = 𝐿p + 20 𝑙𝑜𝑔10 (
𝑑T

𝑑ref
) 

(6) 

𝑑T = √𝐶𝑃𝐴2 + 𝑑h
2    

(7) 

Where 𝑑T  = slant range; 𝑑ref  = reference distance (1m); 

and 𝑑h  = hydrophone depth. The power average of the 

radiated noise level from all three hydrophones (h1, h2 and 

h3) was estimated for each trial using Equation (8). 

𝐿RN = 10 𝑙𝑜𝑔10 [
10

𝐿RN(ℎ1)
10 𝑑𝐵 + 10

𝐿RN(ℎ2)
10 𝑑𝐵 + 10

𝐿RN(ℎ3)
10 𝑑𝐵

3
] 

(8) 

3 RESULTS AND DISCUSSIONS 

3.1 Steady State Analysis  

Figure 5 shows the RNL of the vessel at three steady test 

speeds, 972 rpm, 1440 rpm, and 1720 rpm, compared to the 

background noise. The noise levels for the vessel were 

Figure 4: Transient signal analysis procedure 



dominated by low-frequency sound due to the increasing 

propeller speed, as reported in (Smith et al 2024). There 

was also a consistent increase in broadband noise spectra 

at higher frequencies above 1 kHz, attributed to the flow 

noise, cavitation, and machinery noises (Tanttari & 

Hynninen 2022). RNL increases with the speeds and is 

consistently higher than the background noise across the 

frequency range, indicating that the vessel is a dominant 

source of underwater acoustic emissions. At higher speeds, 

the overall noise levels increase across the spectrum. This 

increase is consistent with high propeller loading and 

cavitation at higher rotational speeds, as observed in 

previous studies (Picciulin et al 2022). 

Across all speeds, a pronounced spectral peak is observed 

in the mid-frequency range (200-400 Hz), which is likely 

related to the propeller loading (McIntyre et al 2021, Smith 

et al 2025). However, as the speed increases, the dominant 

spectral energy shifts from 200 Hz at 972 rpm to 400 Hz at 

1440 rpm, due to the redistribution of acoustic energy. At 

frequencies above 1 kHz, the spectra for different speeds 

converge and exhibit relatively small variation in 

amplitude, which indicates that noise levels above 1 kHz 

were less sensitive to changes in vessel speed. Similar 

high-frequency characteristics have been commonly 

reported for fishing vessels in previous studies (Helal et al 

2024). 

3.2 URN during Acceleration Test 

Figure 6 compares the radiated noise during transient 

acceleration phases (Initial, Transition, Peak Load, Rated 

Speed) with the steady-state condition at 1720 rpm. The 

time-domain signal was segmented according to 

propulsion state to isolate distinct operating regimes during 

the acceleration event. The results show a significant rise 

in broadband noise levels during unsteady operation 

relative to the steady-state condition. 

The observed differences are due to the transient propeller 

loading and inflow conditions. During acceleration from 

rest, the vessel's advance speed was initially low relative to 

propeller speed, resulting in a reduced advance coefficient. 

Lower advance speed increases thrust coefficient and blade 

loading. This increased blade loading enhances suction-

side pressure deficits and causes early cavitation (Viitanen 

et al 2020). Therefore, the transition and peak load phases 

exhibit higher acoustic radiation. In contrast, during steady 

operation at 1720 rpm, the vessel speed and wake field 

produce a higher advance coefficient and reduced blade 

loading, thereby limiting cavitation intensity and 

associated broadband noise. 

During acceleration, the increased noise is not due to an 

absence of inflow, but rather to low advance velocity 

relative to rotational speed, which yields a low advance 

ratio and high thrust demand. Additionally, the transient 

engine torque and shaft torsional response during rapid 

load increase may contribute to low-frequency structural 

excitation (Fragasso & Moro 2022). The results 

demonstrate that transient accelerations generate 10-15 dB 

higher URN than the hydrodynamic steady operation. 

Comparable trends have also been reported during 

acceleration and deceleration trials of a ferry vessel 

(Lagrois et al 2022). This highlights the need to account for 

transient operations when assessing vessel radiated noise, 

especially for fishing vessels with frequent speed changes. 

3.3 URN during Zigzag Test 

Figure 7 shows that the 20/20 and 10/10 zigzag maneuvers 

conducted at 1300 rpm generate higher broadband levels 

than the steady 1720 rpm, particularly in the low frequency 

region. It indicates that hydrodynamic loading and non-

uniform inflow dominate over speed in radiated noise 

behaviour during zigzag maneuvers. 

During zigzag maneuvers, the vessel experiences varying 

yaw motion and rudder deflection. Larger rudder angles 

produce asymmetric wake upstream of the propeller (Hu et 

al 2024). Such a non-uniform inflow increases blade 

loading and modifies pressure distributions on the suction 

side. Therefore, this distorted inflow may increase the 

thrust coefficient and increase unsteady blade forces even 

at low speeds (Abbas et al. 2015). Since a larger rudder 

increases unsteady blade loading and broadband noise 

Figure 5: Radiated noise levels at three steady test speeds 

following ISO 17208-1 

Figure 6: Variation of RNL during acceleration compared to 

the steady speed of 1720 rpm 



radiation, a 20/20 zigzag produces more noise compared to 

a 10/10 zigzag, as shown in Figure 7. 

Moreover, the non-uniform inflow and yaw-induced wake 

distortion increase pressure pulse amplitudes. The 

propeller cavitation depends on blade loading and 

cavitation number, not solely on shaft speed. 

Consequently, a maneuvering propeller at 1300 rpm can 

radiate more noise than a hydrodynamically stabilized 

propeller at 1720 rpm. Furthermore, zigzag maneuvers can 

generate low-frequency excitation from hull-rudder 

interaction and increased fluctuating propulsion loads and 

structural response that may elevate radiated noise levels. 

3.4 URN during Straight Reverse Test 

Figure 8 shows the URN spectra obtained during reversing 

maneuvers at 1100 rpm and 1250 rpm, and their 

comparison with a steady ahead condition at 1720 rpm. 

Both reverse cases exceed the loudest noise generated 

during the steady speed condition, which was 1720 rpm. 

The results are expected since the reverse operation of a 

fixed-pitch propeller (FPP) represents a fundamentally off-

design condition. Propeller blades are designed for ahead 

inflow, with camber and pitch distribution arranged to 

generate thrust efficiently when the inflow direction 

matches the design condition. During backward rotation, 

the pressure-suction side roles of the blade sections are 

reversed. This leads to increased turbulence intensity and 

unfavourable pressure gradients over the blade surface. 

Therefore, the reversing operation produces significantly 

higher unsteady turbulence and more intense cavitation 

than steady forward headings (Jang & Mahesh 2013). 

Reverse propulsion produces a higher URN compared to 

steady-state forward headings. 

There is an interesting behaviour observed in the spectrum 

between 1100 rpm and 1250 rpm. At frequencies below 

500 Hz, the 1250 rpm reverse exhibits higher levels 

compared to 1100 rpm. However, above 500 Hz, the URN 

at 1100 rpm exceeds that at 1250 rpm. This spectral 

crossover requires further investigation to understand the 

physical mechanisms responsible for the differences. 

4 CONCLUSIONS 

This study presents a systematic experimental 

investigation of URN from a fishing vessel under transient 

maneuvering conditions and compares the results with 

standardized steady-state measurements by following ISO 

17208-1. The primary objective was to investigate the 

magnitude and spectral variability of URN generated 

during realistic dynamic operations of fishing vessels. 

The results showed that transient operations produce 

higher noise emissions relative to steady-state conditions. 

During acceleration, the broadband noise levels increased 

by 10–15 dB compared to the steady-speed reference level 

due to enhanced propeller loading and changes in inflow 

conditions. Similarly, zigzag maneuvers and reverse 

operations produced consistently higher URN compared to 

steady operation. Expectedly, reverse operations generated 

higher URN among all tested conditions due to intense 

cavitation and highly unsteady wake structures during 

astern propulsion. 

The results confirm that transient maneuvers introduce 

spectral and temporal variability in vessel noise emissions. 

The increase in URN level further indicates that steady-

state assessments derived from ISO 17208-1 underestimate 

the URN of fishing vessels operating under realistic 

conditions. Although steady state assessments reproduce 

reference URN levels, they do not effectively capture 

short-duration high-amplitude acoustic events associated 

with dynamic propulsion. 

Since fishing vessels frequently undergo dynamic 

maneuvering like acceleration, course alterations, and 

reversing during fishing operations, it is important to assess 

URN during transient conditions. The results will help to 

extend current measurement standards to account for 

dynamic characterization to better represent operational 

reality. Additionally, this study will improve acoustic 

impact assessments and future regulatory guidelines for 

vessels whose operations are transient in nature. 

Figure 7: Comparison of noise spectra for 20/20 and 10/10 

zigzag maneuvers at 1300 rpm and steady-state operation at 

1720 rpm. 

Figure 8: Comparison of noise spectra for straight reverse at 

1250 rpm and 1100 rpm, and steady-state operation at 1720 

rpm. 
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