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Abstract 
Accurate measurement of underwater radiated noise is a challenging task due to the 
complexity of ocean environment. This article gives an overview of the measurement of 
ship radiated noise by introducing the main steps of measurement and analyzing the 
potential errors. The procedure of measurement includes data acquisition, data 
preprocessing and source level restoration. During the procedure of data acquisition, 
measurement equipment, ocean environment and ship particulars should be considered. 
Data preprocessing is mainly concerned about the extraction of effective data. Source 
level restoration under different measuring conditions is also discussed. 
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1. Introduction 

With the further development and utilization of marine resources, it is of great significance to assess 
the impact of man-made noise on the overall ocean environment as well as the long-term trends of 
ocean ambient noise level for the protection of marine ecology. An increasing number of ships are 
now sailing at the sea due to the development of maritime traffic[1], which has a great impact on the 
characteristics of ocean ambient noise. The measurement of ship radiated noise, which is the main 
contributor of low-frequency ocean ambient noise[2], is the basis of low-frequency ocean ambient 
noise prediction. As a result, the measurement of ship radiated noise has achieved great researching 
interest. Ship radiated noise is measured in different ocean environment and the requirements for 
measuring accuracy is also different, which leads to different data acquisition methods and source 
level restoration methods. Based on existing research results of ship radiated noise measurement, data 
acquisition methods and the factors that have great influence on the measurement are summarized. 
Then, data preprocessing methods are provided. Finally, methods of restoring ship radiated noise 
source level under different measuring conditions are analyzed. 

2. Data Acquisition 

Accurate collection of data using hydrophones is an important step in ship radiated noise 
measurement. In this chapter, data acquisition methods are summarized and possible influencing 
factors that affect the accuracy of ship radiated noise measurement are analyzed. 

2.1 Measuring Equipment 

In case of low accuracy requirements, a single hydrophone is sufficient. In case of higher accuracy 
requirements, three hydrophones are recommended, whose geometry is showed in figure 1[3]. 
Hydrophone array should be used if the radiated noise level of measured target is so low that the 
received signal-to-noise ratio is insufficient. 
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Figure 1. Hydrophone Geometry 

 

The precondition for accurate measurement of ship radiated noise is that the hydrophone itself is 
accurate. Under this condition, the influence of external factors on the measurement accuracy is 
considered. The carrier of hydrophones, such as tripod and rope, may generate self-noise, so various 
parts of the carrier need to be firmly fixed. Affected by the current, the real position of the hydrophone 
may be different from the position recorded on the sea surface, the error brought by which should not 
be ignored. If the hydrophone array is used, the inaccuracy of array manifold should be considered. 
The number of hydrophones will also affect the measuring accuracy. 

2.2 Ocean Environment 

Ocean Environment affect the measurement of ship radiated noise in two aspects, including ocean 
ambient noise and ocean waveguide. The ambient noise in the ocean will affect the signal-to-noise 
ratio of the received signal and affect the accuracy of source level restoration. The sources of ambient 
noise that need to be considered include wind generated noise, remote shipping noise and biological 
noise. Wind generated noise, which is closely related to wind speed and sea state, is an important 
component of the ocean ambient noise at frequencies between 100Hz and 25kHz[2]. Therefore, the 
measurement of ship radiated noise should be carried out under the condition of low wind speed or 
low sea conditions. Other ships nearby will significantly increase the background noise, so it is 
required that there are no ships nearby during measurement. The noise emitted by marine life will 
also interfere with the ambient noise to a certain extent, so the measurement should be far away from 
the marine ranching. 

Ocean waveguide has a great impact on sound propagation, which affects the restoration of source 
level greatly. It’s more convenience to restore the source level if the measurement is carried out in an 
area with simpler waveguide environment. Considering that both the sound speed profile and the 
depth of water changes with time, sound speed profile should be measured frequently during the 
measurement of ship radiated noise. When measuring in shallow water, it is necessary to know 
sediment characteristic, because geoacoustics parameters affect sound propagation significantly. 
Moreover, the roughness of bottom and surface also affects sound propagation, the impact of which 
should be considered in high precision measurement. 

2.3 Ship Particulars 

The radiated noise characteristics of ships of different types, sizes and working conditions vary 
greatly. Due to the development of noise reduction technology, the overall source level of new ships 
is lower than that of old ships. The characteristics of radiated noise of the same ship also differ 
considerably under different speed and working conditions. At high speed, the main source of ship 
radiated noise is propeller cavitation noise. When the speed is relatively low, the main source of ship 
radiated noise is mechanical noise. For a normally sailing ship in the seaway, whose source level is 
relatively large, it is easy to obtain data with high signal-to-noise ratio. For quiet targets with small 
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source level, vertical hydrophone array measurement is needed to improve the signal-to-noise ratio. 
In addition, whether a ship radiated noise source can be regarded as a point source depends on the 
size of the ship and the distance between the ship and the receiving point. In conclusion, ship 
particulars affect the measurement accuracy and should be taken into consideration when measuring 
ship radiated noise. 

3. Data Preprocessing 

The purpose of data preprocessing is to extract effective data collected by hydrophone. As is showed 
in figure 2, the ISO 17208-1:2016 standard[3] defines the data window and fixes data window angle 
to ±30°. The signal-to-noise ratio can be estimated from the time-varying diagram of broadband 
noise level. The ambient noise level should be much lower than the ship noise level measured by the 
hydrophones, otherwise the results must be corrected. If the signal-to-noise ratio is larger than 10dB, 
no correction shall be made. If signal-to-noise ratio is between 3dB and 10dB, it should be applied 
the background noise correction. However, if the signal-to-noise ratio is less than 3dB, the results 
must be discarded. 

 

 
Figure 2. Definition of the data window in ISO 17208-1:2016 standard 

4. Source Level Restoration Methods 

Source level restoration is a process of converting the received noise level to the ship radiated source 
level, which is the key step of ship radiated noise measurement. Generally, the source level is equal 
to the difference between the received level and sound transmission loss. Transmission loss 
estimating methods for different measuring conditions are discussed below. 

4.1 Free Field 

Under the assumption of free field, spherical spreading transmission loss is applied[4]. However, the 
ocean waveguide cannot be regarded as a free field. Restoration of source level using spherical 
spreading transmission loss is inaccurate, especially at low frequency. 

4.2 Deep Water 

Under the condition of deep water and close range, only the influence of surface reflection on sound 
propagation, that is, Lloyd mirror, needs to be considered. The source depth, which is a parameter of 
Lloyd’s mirror interference pattern[5], can be estimated by an empirical equation proposed by Gray 
and Greeley[6]. However, it is found that the Lloyd’s mirror interference pattern of a point source 
cannot eliminate the interference structure completely. Therefore, the Lloyd's mirror interference 
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pattern of vertically distributed sources is proposed to restore the sound source level[7], which 
achieves better source level restoration results. 

4.3 Shallow Water 

In shallow water measuring, the influence of surface and bottom are considered. Sound propagation 
model, such as Waveguide Integration[8], Normal Modes[9] and Parabolic Equations[10], are used 
to calculate the transmission loss and restore the source level of ship radiated noise. For the purpose 
of eliminating the influence of interference, spatial directivity of vertical array, vector hydrophone 
and vector hydrophone array are used to filter the reflected wave. Virtual time reversal mirror 
technology can also be used to restore the source level of ship radiated noise. 

All the methods mentioned above require accurate waveguide parameters and source position. The 
sound speed profile and the water depth are easy to obtain. The error of horizontal distance converted 
form GPS and AIS data cannot be ignored. Although source depth can be estimated by empirical 
equation if ship draft and ship length is known[6], the estimated result is not accurate enough. What’s 
more, geoacoustics parameters are usually unknown. In shallow water, sound propagation is greatly 
affected by waveguide parameters and source position. Inaccurate parameters will lead to great source 
restoration error. To obtain accurate geoacoustics parameters, Scrimger conducted an additional 
geoacoustics parameters inversion experiment[10] and Simard proposed a method that inverts the 
geoacoustics parameters with the ship noise data that has been measured[8]. As for the inaccurate 
position of source position, Xiang correct the horizontal distance and source depth by means of 
Match-Field Processing. 

4.4 Complex Ocean Environment 

In complex ocean environment, simple sound propagation model cannot give an accurate estimation 
of transmission loss. It is a feasible scheme that measures the transmission loss on site by transmitting 
tones of known source levels and recording the received signal[11], although this is expensive. 

5. Conclusion 

To ensure the quality of measured data, it is necessary to comply with the measuring standards since 
the measurement of ship radiated noise is affected by various factors. Corrections should be made, if 
necessary, to ensure the accuracy of source level restoration. All the measurement methods of ship 
radiated noise mentioned above have their own advantages and disadvantages. To choose a suitable 
method, characteristics of the measured target, measuring accuracy and measurement cost should be 
considered. 
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