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Abstract 

Sonars (Sound Navigation and Ranging) are used extensively for underwater sensing on Autonomous Underwater Vehicles 

(AUV). The images received from the sonar tend to be noisy. So, it is very difficult to extract the information about the target. 

Hence before going to the display system post-processing is required. This paper describes an attempt to reduce the noisy 

problems of sonar images. The results are compared visually as well as in terms of SNR.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

The term “SONAR” is defined by Winder as the method or equipment for determining by underwater sound the presence, 

location or nature of objects in the sea. It is an acronym for Sound Navigation and Ranging. There are two classes of sonar, 

namely passive and active sonar. In both classes of sonar the conversion from acoustic to electrical energy, and in the case of 

active sonar transmission, from electrical to acoustic, is done by devices called transducers. These are similar to antennas found 

in electromagnetic and as such also have a specific directivity, as indicated by their beam pattern. Depending on the application, 

a single transducer or an array of transducers may be used for both transmission and reception. 
The sonar output is a set of intensity values, that is a representation of the amount of reflected energy from a specific direction 

at increasing range units. This data is used to create a bitmap image of the surveyed area. Due to the noises like thermal noise, 

noise from the sea, vessel noise these images are very noisy. Therefore, it is very difficult for the analysis of target present in the 

image. The focus of the paper is the post-processing required to enable the use of the output images for automated navigation. 

II. BASIC SONAR SYSTEM 

 
Fig. 1:  Basic Sonar System 

In active sonar a pulse is transmitted in to water and the reflected echo is processes for detection as shown in figure1. The basic 

functional blocks in active sonar are, transducer array, transmitter, receiver and display. The transmitter and receiver array can be 

the same or different. If same array is used, T/R switch connects the array to the transmitter during transmission and connects the 

array to the receiver during reception. An array used only for transmission is a projector array, and that used only for reception is 

called a hydrophone array. The shape of array can be circular, cylindrical, linear or conformal to the platform shape. 

During reception, (FIGURE 2)T/R switch connects array to receivers through front end system. FE performs signal 

conditioning which includes pre-amplification, AGC, filtering and digitizing and the digital output is fed as the input to signal 

processing subsystems.In the signal processor the target information is extracted from the received echo. The main functions of 

the receiver processor are beamforming, filtering, detection, track and audio processing. Several beams are formed by the 

receiver in different directions and the energy in each of the beams is estimated matching to the transmitted signal. From this 

information the direction of arrival of echo can be estimated. The time taken for receiving the echo will give an estimate of the 
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range of target also. The range will be given by ½*t*v where t is the time taken and v is the velocity of sound in water. The 

display and data processing is done in the information processor which is presented to the operator in user friendly formats. 

 
Fig. 2:  Functional Block Diagram Of Sonar 

The images received from the sonar tend to be noisy. Different types of normalization schemes are available for this like two-

pass mean (TPM), the order truncated average(OTA),the split three-pass mean( S3PM),the split average exclude average(SAXA) 

normalizers etc. These techniques are not work well for real world data. So this work introduces a new post-processing 

technique. 

 SIMULATION OF SONAR IMAGE

For checking the proper working of post-processing techniques, sonar image is necessary. Figure 3 shows block diagram of 

simulation of sonar data. This data is used as the input for the techniques. 

First step is to create a zero matrix and add signal to any one of the beam of the matrix. This matrix is passed through a 

Lowpass filter, that results in a smoothened output. Second step is to create a noise matrix and pass it through a Lowpass filter. 

After that both these matrix are summed to obtain sonar image. 

 
Fig. 3: Block Diagram of Simulation of Sonar Data 

IV. POST-PROCESSING TECHNIQUES 

The images received from the sonar are very noisy; hence before going to the display system post-processing is necessary. This 

paper describes following post-processing techniques. 

 Average Filtering: 

An averaging filter is a linear spatial filter[1]. The output of the filter is the weighted average of the pixel under the mask. It is 

also commonly referred to as a smoothing or low pass filter, referring to the blurring or smudging effect of the filter. It is for this 

reason that this type of filter is commonly used to reduce certain types of noise, which manifests as sudden changes in intensity. 

This does however have a detrimental effect on any sharp edges that the image may contain, which commonly sets a limitation 

on the size of the kernel. Apart from noise, the filter can also be used to get rid of false contours or image artifacts.  

 Median Filtering: 

The median filter is the most common implementation of order-statistic filters, which rely on the order or ranking of the pixels in 

the encompassed image area[1]. The median is calculated by sorting the values from largest to smallest, or vice-versa, and 

picking the middle value. As such it is a nonlinear filter, and cannot be described by simple summation. Median filters are very 

effective at reducing impulse or salt-and-pepper noise that cause intensity spikes, without the blurring caused by linear 

smoothing filters. As such this filter is very popular and in most cases produces better results than simpler linear filters. It does 
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however tend to have greater computational complexity than linear spatial filters and as such require careful implementation 

when efficiency is of concern. 

 Highpass Filtering: 

Non-uniform illumination is a problem commonly found in image processing, resulting from environmental factors or the 

imaging process [1]. It should be possible to gain a reduction of the background by simply high-pass filtering the image. The 

effect of high-pass filtering is the increasing suppression of the lower frequencies. That is, image sharpening can be achieved in 

the frequency domain by highpass filtering process, which attenuates the low-frequency components without disturbing high 

frequency information in the fourier transform[3]. Butterwort highpass filtering is used here. 

 Minimum value Estimation: 

One of the methods for suppressing or completely removing the background from an image is to calculate some estimate of the 

background from the data contained in the image[1]. The type of method used greatly depends on the expected intensity. The 

minimum value estimation method divides the image into equally sized windows and then finds the minimum value from each of 

these. This results in a smaller image of the local minima contained in the original. When the sub-sampling procedure is 

completed, this data is used as the seed values for linear interpolation. This results in an image with the same size as the original 

image, and with the same contour as the minimum sampled image. This background estimate can now be used to remove the 

background by subtracting it from the original. 

V. RESULTS AND CONCLUSION 

The paper deals with development of an efficient post-processing algorithm for improving the sonar images. The techniques are 

based upon different image processing techniques. Image processing methods like averaging filtering, median filtering, high pass 

filtering, minimum value estimation are used here. The results obtained during various techniques are included here and 

evaluated the performance by visually as well as in terms of SNR. Initially each technique was applied on simulated input. Then 

compare the results by finding the SNR. Finally, target is detected from that by thesholding process. Threshold value is taken by 

plotting Probability Density Function. 

 
Fig. 4: (a): Average filtering, (b): Median filtering ,(c): Highpass filtering, (d): Minimum value estimation 
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Fig. 5: Results after thresholding (a): Average filtering, (b): Median filtering, (c): Highpass filtering, (d): Minimum value estimation 

Table - 1 

SNR comparison of techniques for input SNR 20.7614 dB 

Techniques SNR(dB) 

Average filtering 19.1325 

Median filtering 21.6730 

Highpass filtring 22.8440 

Minimum value estimation 21.2651 
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