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Abstract 

There is high demand for noise free acoustic communication because of increasing current human underwater activities. 

Transmission of Signal in the ocean using water as a channel is a challenging task due to some effects like spreading, reverberation 

attenuation, absorption, etc. apart from the contribution of acoustic signals due to ambient noises. There are two types of ambient 

noise sources in the sea that are manmade noises (shipping, aircraft over the sea, motor on the boat, etc.) and natural noises (rain, 

wind, marine fishes, seismic, etc.) The quality of acoustic signal reduces due to underwater ambient noise. Also ambient noise 

disturbs the life of marine mammals. It is essential to detect sounds from acoustic signal and classify it so as to we can remove 

noise from it. This study provides information about work done on research front of denoising ambient noise affecting underwater 

communication.    
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

The science of underwater acoustics began in 1490. Underwater acoustic is the study of sound generated in water and its effects 

on underwater signal processing. In underwater sound is vital fact, marine mammals entirely depend upon sound for their 

communication. Ambient noise is the background noise present in underwater, and it is independent of the means used to measure 

it [1].  Ambient noise is classified into two categories, i.e. Natural sources and anthropogenic sources. 

 Natural Sources 

In natural sources, noise is generated due to some natural phenomena such as current, tide, wind, etc. Detail explanations of these 

noises are given as follow, 

 Hydrodynamic Sources 

Hydrodynamic sources include many noise sources that generate noise due to various Physical phenomena. These are winds, tides, 

currents, etc. 

 Seismic Sources 

This type of noise getting creates during natural activity like earthquake, tectonic, etc. and it happens because of movements of 

land under the sea. It has been noted that the seismic events occur between 2Hz to 20 Hz [2]. 

 Biological Noise 

Noise generated due to marine mammals called biological noise. Noise from such sources shows a broad frequency spectrum from 

10 Hz to 100 kHz. Fish create sounds within a range of 50 to 2000 Hz, most often 100 to 500 Hz that can be a significant component 

of local ambient noise [4]. The cetaceans and species to be found in the SEA 6 area can produce sounds over the range 2-200 kHz 

[2]. 

 Ice Cracking 

Ice cracking is nothing but Shifting and breaking of ice under the water. Noise due to sea ice present over the frequency range of 

10 Hz to 10 kHz.  

 Wind Noise 

Wind waves get formed as a result of the action of the wind on the surface of the water and they having the amount of randomness. 

These waves generate noise like bubble noise, impact noise, and turbulent noise. Underwater ambient noise levels are dependent 

on wind speeds over the frequencies between 500 Hz and 25 kHz [2]. 
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 Anthropogenic Sources of Noise in the Ocean 

The primary activities that are responsible for the generation of anthropogenic noise in the acoustic environment are moving 

vessels, trading, dredging activities, drilling, pile driving, use of explosives, fish finders, sonar, etc. Apart from this primary source 

of anthropogenic noise is shipping traffic. 

 Ocean Traffic 

Shipping and industrial activities are more at the north site of Atlantic as compare to others and may be more than 1000 ships 

underway simultaneously. It contributes to marine ecosystem change in northwest Atlantic Ocean. Man-made noise is most 

dominant over the range of 10 Hz to 1000 Hz. Noise levels depend on shipping density. Pelot and Wootton report that merchant 

traffic in the Halifax Sea Search and Rescue area remains relatively invariable over the course of the year, but that commercial 

fishing and cruise ships are heavily seasonal [3]. Small boats produce a sound that is highest in the mid-frequency (1 to 5 kHz) [4]. 

It includes noises like machinery noise propeller hydrodynamic noise [2]. 

 Seismic Survey 

Seismic reviews are carried out to study the structure and composition of the geological formation of an outer layer of earth and 

detection of a presence of natural resources like hydrocarbon reservoirs [2]. 

 Oil and Gas Exploration 

Noise generates during all stages of oil and gas production. A large portion of the Scotian Shelf has been used for oil and gas 

exploration, and many areas are under license with active extraction taking place centered in the Sable Island area [3]. Due to oil 

exploration into the water and high levels of activity, seismic exploration is responsible for generating underwater ambient noise 

in various ocean basins including the North and South Atlantic, the North Sea, the Gulf of Mexico, etc. [4]. 

 Military Operations 

Military operations are becoming an important source of underwater noise.  Also, experiments conducted by naval forces and test 

fire their equipment gadgets, etc., explosives used for military tests and exercises can be a considered as source of undesirable 

noise with typical source levels in the frequency band of 1 to 7 kHz. 

 Frequency Ranges of Different Anthropogenic sources 

 Propeller blade, shaft rates, seismic survey sources, explosives, aircraft sonic booms:  <10 Hz 

 Explosives, Distant ships, seismic survey sources, construction, industrial activities:  10 – 100 Hz 

 All the sources of the frequency 10-100 Hz band plus nearby ships capitation, launches and other small craft and seismic air 

gun arrays, low-frequency active sonar:  100 Hz - 1,000 Hz 

 Shipping sources (close range), plus outboard 

powered boats, military tactical sonar’s, seafloor profilers, depth sounders:  1000 Hz - 10,000 Hz 

 Mine-hunting sonar, fish finders, and some other hydrographic survey systems: 10,000 Hz - 100,000 Hz [5]. 

II. OVERVIEW OF STUDY IN THE WORLD 

This section brings out significant results of various studies, which were helpful in analysis and denoising of the acoustic noisy 

signal. 

    In the region of Australia, shipping density is variable from region to region. Also, traffic noise varies in a large amount as a 

consequence of shipping density. Measurement of ambient noise is not an easy task; care should be taken during measurement so 

as to prevent the addition of system noise. So ambient noise is measured using buoyed drifting systems. The best way of 

characterizing noise is to separate out ambient noise component. Wind noise can be achieved by correlation of noise with wind 

speed. Wind noise component is established by regression plot [6].       

    Scotian Shelf is well developed and an active area which efficiently uses its natural resources. The area is the contributor to 

noise, and also, the economy of Canada and Nova Scotia with the marine industries includes commercial fisheries, aquaculture, 

fish processing, oil and gas exploration, water transportation and support activities, tourism, marine construction, ship building 

and boat building, and government services including research and defense. All these things are using specific technology which 

emits noise into ocean environment [3]. 

    A Recent measurement of ambient noise in the Northeast Pacific illustrates an increase in ambient noise over past decades. 

Measurements carried out during 2003-2004, and 1964–1966 in the west of San Nicolas Island, California. Measured ambient 

noise levels at frequency 30 Hz–50 Hz were 10–12 decibel higher in 2003–2004 than that of measured during 1964–1966, It 

suggest that rate of increasing noise is 2.5–3 decibel per decade.  Above frequency 50 Hz the noise level differences between 

recording periods gradually diminished to only 1–3 decibel at 100–300 Hz. Above frequency 300 Hz the 1964–1966 noise levels 

during 1964–1966 were higher than during 2003–2004 [7]. 

    To fulfill their energy needs, many countries or merchants group of ship sailining together to transit the Indian Ocean region 

(IOR). Now, it’s time to aware about controlling this situation IOR. Ambient noise is the main fact that is responsible for degrading 

the performance of sound of navigation and ranging (SONAR) as well as underwater transmission. There are many signal 

processing algorithms are available today that will be helpful to reduce this noise. These algorithms become ineffective at some 

oceanographic location where noise is present. Signal processing algorithms are adaptive so that it can alter by an operator at the 
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time of deployment. A collection of data under the water and their mapping is not an easy task, so academic institutes should have 

participated in such experiment with their analysis capabilities [8]. 

    John A. Hildebrand explored about ambient noise and types of noise contribute to underwater ambient noise. Different noise 

sources are dominant in three frequency bands that are low-frequency band from 10 Hertz to 500 Hertz, the medium frequency 

band from 500 Hz to 25 kHz and high-frequency band which is >25 kHz. The low-frequency band is dominated by commercial 

shipping noise and seismic exploration. Over the past time, the ship noise contribution to ambient noise has increased by 12 

decibels, this happened due to increase in a number of vessels and also oil exploration and construction activities have moved deep 

into the water. [4]. 

    A. Das et al. have focused on the analysis of noise show that the correlation between the noise level and wind speed was good 

in the frequency range between 0.0 Hz and 6400 Hz. The shallow water ambient noise is more affected by surface winds, so 

analysis is useful for the improvement of signal to noise ratio of acoustic instruments [9]. A. Das has also focused on the study of 

characterization of distant shipping, a component of ambient noise in shallow water helps in the design of passive surveillance 

algorithm and efficient signature analysis of marine vessels. A large diurnal variation is shown by the ambient noise in the shallow 

waters. It is important to clear that these variations in ambient noise are site specific to the location [10]. 

A.  Denoising Techniques 

   Signal processing tasks always disturbed by noise and it becomes a major problem. When a signal travels through a medium, it 

gets added with background noise. Therefore, it results in signal quality degradation. Once a signal is polluted, it is very difficult 

to remove it without altering the original signal. Hence, the main task in signal processing is denoising of signals. There are many 

techniques available to denoise the signal. 

 Fourier Transform (FT) 

The easiest method for removing the noise is filter based Fourier transform, but such filtering methods are successful only when 

removing high-frequency noise from low-frequency signals. This method also alters the original signal characteristics and fails to 

give satisfactory results under real scenarios i.e. for non-stationary signals [11]. Fourier transform provides data related to 

frequencies existing in the signal, but it does not show which frequency contents that are present in the signal at a particular interval. 

FT is not good for a non-stationary signal when time-frequency information of the signal is required [12]. 

 Short Time Fourier Transform (STFT)  

STFT overcomes drawbacks of Fourier Transform, as it gives the frequency content of signal at a particular interval. In STFT, the 

signal gets divided into small segments, where it is assumed that segment is stationary. For this work, the window function is 

selected in such a manner that length of each segment of the signal must be equal to the width of the window. STFT is nothing but 

FT multiplied by the window function. For getting a stationary part, the window should be narrow. The narrow window gives good 

time resolution & poor frequency resolution while wide window violates the condition of stationarity. STFT gives fixed resolution. 

[16]. Wavelet transforms avoid the STFT drawback by using short and wide windows for higher frequencies for lower frequencies 

making them as a useful tool in removing noise from signals. Transform is an alternative to the Fourier transform and STFT with 

better time-frequency localization. To smooth out or to remove the coefficients of wavelet transform sub-signals of the measured 

signal, thresholding is applied in the wavelet domain [13].  

 Least Mean Square (LMS) 

LMS algorithm is linear adaptive filtering algorithm and consists of two processes: Filtering process and the Adaptive process. In 

Modified LMS Algorithm, the equation of new LMS is modified [14]. 

 Discrete Wavelet Transform (DWT) 

A new wavelet denoising technology is proposed with the modification in the threshold estimation methods and the thresholding 

methods. Signal to noise ratio of the denoised signal improves with this. Estimated root mean square error values show that the 

error is reduced in the denoised signal when comparing to the noisy signal. The analysis considers the wavelet families: Debauchies, 

Biorthogonal, Coiflet, and Symlet. Results show that sym4 is best suited to increase Signal to noise ratio [15]. 

 Empirical Mode Decomposition (EMD) 

Aashish Sharma et al. compared two denoising schemes namely EMD and Wavelet. The technique based on EMD is independent 

of any previous basis functions; it acts according to the given data. The DWT approach is better than other classical techniques 

because it consider the sharp features of the signal at the time of decomposing as well as reconstructing the signal. The performance 

can be further improved if EEMD (Ensemble Empirical Mode Decomposition) and Gabor Transform is applied to the Underwater 

Acoustic Signal at various thresholds [16]. 

    Analysis of Ultrasonic signal is done using two methods: Harr Wavelet Transform and Savitzky - Golay filter. Among all wavelet 

transforms, Harr wavelet is the best suitable wavelet for noise reduction in ultrasonic signals because of the peak signal to noise 

ratio (PSNR) value being high among all the wavelets used [17]. 

B.   Denoising using Discrete Wavelet Transform 

The wavelet transform is nothing but decomposition of the input signal into different frequency component. So it is possible to 

study each frequency component individually. 
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 Wavelet Transform:  

Wavelet is relying on the idea that the energy of the signal is concentrated in its few coefficients in the wavelet domain. Wavelet 

has a property of finer decomposition and reconstruction. Many algorithms are available, but they are only suitable for stationary 

signals, where wavelet transform is suitable for non-stationary signals. Techniques like Fourier transform, Wiener filtering are 

linear, and wavelet transform is nonlinear technique [15]. 

 Thresholding:  

In thresholding wavelet coefficients are compared with thresholding value and set to zero if it is having the magnitude less than 

the threshold. Thresholding differentiates the coefficient due to noise and coefficient containing valuable information. Choice of 

thresholding is an important task because it plays a significant role in signal denoising. Donho and Johnston proposed a threshold 

defined in (1), 

λ = 𝜎√2 log 𝑁                                                                                          (1) 

where, λ = Threshold value 

             𝜎 = Estimator 

             N = Length of data 

a) Hard Thresholding:  

In hard thresholding wavelet coefficient below given value setted to zero, shown in (2) and (3), 

Y = X     if │X│ > λ                                                                                    (2) 

Y = 0      if │X│ < λ                                                                                    (3)  

b) Soft Thresholding:  

In this method wavelet, the coefficient is reduced be a quantity to the threshold value. Shown in (4) 

Y = sign (X) (│X│- λ)                                                                                (4) 

Where,  λ = Threshold value 

              X = Input signal, 

              Y = Signal after threshold 

 Noisy Signal:   

After adding white Gaussian noise in the original signal, we get a noisy signal as shown in Fig. 1. 

 
Fig. 1: Noisy Signal 

 Decomposition of Noisy Signal:  

After applying eight level decomposition on the noisy signal using discrete wavelet transform function, we get approximate and 

detail part of the signal as shown in Fig. 2 

 
Fig. 2: Decomposed Signal 
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The left part of Figure 2 shows approximate coefficient for Haar wavelet and right sided part shows detail coefficient. 

 Denoised Signal: 

Following Figure 3, shows denoised signal by using two types of thresholding methods that are heuristic sure and fixed form 

threshold. 

 
Fig. 3: Denoised Signal 

III. SUMMARY 

Transmitting signal through water as the medium is Called underwater communication.  Because of Ocean environment is highly 

variable, acoustic signal transmission is affected by ambient noise. Electromagnetic signals and sound both get attenuate in water 

but sound is less attenuated. Hence, it is the most reliable and versatile means of communication in underwater. The acoustic 

signals can be deteriorated by ambient noise during transmission. Ambient noise is the background noise that is contributed by 

many noise sources. Hence, the classification and reduction of ambient noise are the essential part of underwater signal processing. 

The literature survey elaborates an overview of the work done on the research of ambient noise affecting acoustic signals. Different 

denoising techniques are available for signal denoising. i.e. Fourier transform, Short-time Fourier Transform, wavelet transform, 

Least Mean Square algorithm, Empirical mode decomposition, etc. from these methods Discrete Wavelet Transform is explained 

here. With Discrete Wavelet Transform we get improved signal to noise ratio, Power Spectral Density and lower Root Mean Square 

Error for noise data Once the basic wavelet is selected, the same has to be used to analyze all the data, so it is non adaptive in 

nature, where empirical mode decomposition is adaptive technique. 

    Here MATLAB is used for simulation. Obtained value of Signal to noise ratio is 3.345602 decibel, a value of peak signal to 

noise ratio is 12.836211 decibel and mean squared error is 0.004470. Here means squared error value is lower where signal to 

noise ratio is high. Also, we can calculate this parameter by using other types of wavelet function. 
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