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B. Stage 

Executive Summary: Sea-bottom scattering often makes it difficult for 
the mine hunting sonar operator to distinguish an object from the background. 
This report describee a novel approach to processing information from aea- 
bottom scatterers. It ia shown that by considering the statistical information 
from sea-bottom objects, as the sonar viewing angle changes, it is possible to 
gain additional classification clues for potential targets. For the operator it 
means that the abiity to discriminate between objects and background will 
improve. The technique can be used for long range classification. 
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Abstract: Sector scanning sonar systems image the sea-bottom to detect 
objects that can be distinguished from the background structure of the sea- 
bottom. In current systems images are displayed and discarded as new image 
data become available. In this report a method for improving sonar detection 
by utilizing all images in a sequence is investigated. The proposed method 
requires that sonar data are acquired with a sector scanning sonar in a side- 
looking configuration. It is demonstrated that these data can be used to detect 
observation point dependent changes in sea-bottom backscattering characteris- 
tics. These changes provide additional cues for discrimination that can improve 
the detection of objects on the sea-bottom. Results of applying the method 
to experimental data are presented. Keywords: Detection, Observation point, 
Backscattering. 
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Introduction 

Sector scanning sonar systems are used to image the sea-bottom in order to detect 
man made objects that can be distinguished from the background structure of the 
sea-bottom. Object detection is performed by an operator examining a real time im- 
age of the acoustic backscattering properties of the sea-bottom scene. The objects of 
interest are assumed to have higher backscattering than the sea bottom background 
and the presence of an object is declared when the image amplitude observed at a 
location significantly exceeds the amplitude of the background. The detection ef- 
ficiency is limited by the average image amplitude level of the background as well 
as temporal and spatial fluctuations in image amplitude characteristic of coherent 
imaging systems. 

The classical model used to describe the amplitude fluctuations assumes the bottom 
background signal to arise from the sum of signals returned from a large number of 
point scatterers of comparable scattering amplitude, uniformly distributed on the 
bottom surface [I]-[3]. According to this model the spatial variation in the image 
amplitude of the background is described as a Rayleigh distributed random field. 

Spatial variation in image amplitude that deviates from the Rayleigh distribution 
has been reported [4]-[8]. The deviations reported are in many cases such that the 
probability of obtaining a large amplitude value is higher than predicted by the 
Rayleigh distribution. This type of data has been described by fist  order empirical 
distributions such as exponential, Weibull, chi-square, log-normal, Rice and K [7], 
[9]. Detection of objects on a non Rayleigh distributed background has been studied 
in radar [lo]. If the amplitude of the background has a probability density func- 
tion with thicker tails than the Rayleigh, the detection threshold must be raised 
to avoid an unacceptably high false alarm probability and the decreased detection 
performance has to be accepted. 

As an alternative to raising the detection threshold, more information on the bottom 
characteristics could be acquired to allow discrimination between normal background 
and objects of interest. Instead of basing the discrimination on the amplitude in 
a single image it is suggested that the discrimination be based on a sequence of 
images, acquired while moving the sonar over an area of sea bottom. 

The outline of the report is as follows. First a model of the signal received from 
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a point on the bottom is described with emphasis on the variation in the received 
signal with the position of the sonar i.e grazing angle, bearing angle and range. The 
variation in the received signal with bearing angle is investigated by simulations 
and it is suggested to measure this variation by means of a side looking sector 
s c h g  sonar. A method to discriminate between parts of the sea bottom with 
different variation in the received signal as a function of bearing angle is suggested 
and experimental data is used to demonstrate the utility of the method. 
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Signal characteristics 

A sonar image of the sea-bottom is constituted from samples of the backscattered 
signal fiom the sea-bottom scene. This section discusses the characteristics of these 
samples and the extent to which it is possible to measure the backscattering prop- 
erties independently of the measuring system. 

Consider the experimental situation shown in Fig. 1. A sample is measured by 
interrogating the sea bottom around a position (x, y) with a narrow band pulse-echo 
sonar system at low grazing angles. The position is determined in a coordinate 
system fixed to the bottom with the xy plane on the mean plane of the bottom 
which is assumed to be flat. The position of the sonar aperture is determined by 
the slant range r ,  the grazing angle 0 with respect to the zy plane and the bearing 
angle $ with respect to the xz plane. 

The signal received by the sonar from a position (x, Y) on the bottom originates 
from scattering structures located within an area correspondmg to the resolution 
cell of the sonar system. In the farfield of the sonar aperture the resolution cell on 
the sea-bottom is approximately rectangular. The range resolution A1 is 

where c is the speed of sound in the medium and rP is the duration of the interro- 
gating pulse, possibly after pulse compression filtering. In the farfield of the sonar 
aperture the bearing resolution Aw is 

where X is the wavelength of the ensonification, D is the size of the aperture, and 
a, is a constant determined by the aperture shading and the choice of beamwidth 
criterion. 

The received signal will depend on both the scattering structures within the res- 
olution cell and the relative position of the sonar. Assuming that only bottom 
backscattering contributes to the received signal and that the propagation medium 
is stable and non dispersive the received narrow band signal represented in terms of 
its complex envelope d(z, y, r, 8, $) can be expressed as 
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The amplitude response function T(r, 8) describes the variation in received signal 
amplitude as a function of the position of the resolution cell relative to the sonar. 
This variation is due to two way aperture directivity and transmission loss. The 
backscattering from the structures within the resolution cell is described by the 
complex backscattering function b(z, y, r, 8,  dl). A qualitative understanding of the 
interaction process can be gained by considering an assembly of point scatterers, each 
returning a scaled replica of the incoming pulse. The backscattering function can 
then be expressed as the coherent sum of the scattering amplitudes of the scatterers 
within the resolution cell. Letting rn be the number of scatterers within the area 
bounded by A1 and Aw, the backscattering function is given by 

.4n 
i(z, 9, r, 8, dl) = C bm eXP(aifm) 

where bm is the scattering amplitude of the mth scatterer located at a distance r, 
from the sonar aperture. 

The normalized envelope amplitude a(z, y, r, 8, dl) is defined as the envelope of the 
received signal normalized with respect to the amplitude response function and the 
ensoniiied area 

The samples of the normahzed envelope amplitude describe a property of a point 
on the sea bottom independent, to the extent possible, of the measuring system and 
the propagation medium. The remaining system dependence is due to the change 
in orientation and size of the resolution cell. 

By d m  a point on the sea-bottom as the centre of the resolution cell of a sonar 
system, the preceedmg discussion has shown that the signal received from this point 
will depend on the position of the sonar system. The normalized envelope amplitude 
measured from this point will vary as the width of the resolution cell changes with 
range, the length of the resolution cell changes with grazing angle and the orientation 
of the resolution cell changes with bearing angle. 
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Signal variation with sonar position 

An important characteristic of the envelope amplitude is the sensitivity to changes 
in range, grazing angle and bearing angle. The sensitivity can be characterized by 
considering the change necessary to produce independent samples. 

The main effect resulting from a change in range is the change in the width Aw 
of the resolution cell as seen from Eq. 2. When the width of the resolution cell is 
changed, scatterers on the sea-bottom bordering the resolution cell are added or 
removed. This will cause a change in the measured value of the sample. However, 
as the scatterers at the centre of the resolution cell and their relative distances to 
the aperture remain unchanged, samples acquired with resolution cells of different 
width, but centered at the same point on the sea-bottom, will be correlated. The 
correlation between two samples acquired at different ranges will decrease as the 
difference of the ranges increases, but will remain finite. 

An independent sample can be acquired by changing the bearing or gazing angle 
in order that the two way path length to the sonar changes by more than half a 
wavelength for the dominant scatterers within the resolution cell. As the positions 
of the scatterers are unknown it is required that the average two-way path length 
change within the resolution cell is half a wavelength. This is equivalent to requiring 
the two-way path length difference between the outermost positions in the resolution 
cell to be one wavelength. 

By adopting this criterion the following condition is found for the change in bearing 
angle A$: 

2 Aw [sin($ + A$) - sin($)] > X (6) 
Using the small angle approximation sin4 x $ and substituting Aw from (2) 

This condition is equivalent to the requirement that the sonar aperture is translated 
D/(2%) to obtain an independent measurement. Typically, the value of D l ( 2 ~ )  
for a detection sonar is from a quarter to half a meter. 

The condition found for the change in grazing angle A0 is: 

2 Al [cos(0) - cos(8 + AB)] > X . 

NATO U NCLASSlFlED 

Report no. changed (Mar 2006): SM-293-UU



NATO UNCLASSIFIED 

Inserting A1 from Eq. 1 gives 

X A0 > cos-I [( 1 - -) cos 01 - 0 
=TP 

Typically, X/ (c rp )  will be around 0.1. Thus, for zero grazing angle the required in- 
crement in grazing angle to obtain an independent sample is A0 = 11.2'. Therefore, 
only a few independent samples can be obtained by changing the grazing angle. 

The above discussion is a qualitative indication that only small changes in bearing 
angle are required to obtain independent samples of the envelope amplitude whereas 
large changes in range and grazing angle are required to obtain the same result. The 
characteristics of the local backscattering function can thus be obtained by studying 
the variation of the normalized envelope amplitude with bearing angle independent 
of range and grazing angle within comparatively wide intervals. 
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Signal variation with bearing angle 

The variation of the normalized envelope with bearing angle depends on the position 
and scattering amplitude of the structures within the resolution cell. No generally 
valid assumptions can be made regarding the bottom structures but some insight in 
the behaviour of the envelope amplitude can be gained by considering a few examples 
using the point scatterer model. 

In the simplest case the sea bottom is flat and the bottom backscattering function 
is well described as the sum of the contributions from a large number of scatterers 
uniformly distributed on a plane. With known scatterer positions and amplitudes the 
backscattering function can be determined from Eq. 4 and the normalized envelope 
from Eq. 5. 

Consider as an example 120 point scatterers distributed uniformly inside a rectan- 
gular region of 80 by 8 wavelength, as shown in Fig. 2a. The scattering amplitudes 
are uniformly distributed and the amplitude response function is unity. The vari- 
ation of the envelope amplitude with bearing angle measured with respect to the 
z axis within an interval of 90' is shown in Fig. 2b. The range of fluctuation of 
the envelope amplitude is independent of bearing angle. The histogram of envelope 
amplitudes in Fig. 2c appears smooth and unimodal. The angular correlation of the 
envelope amplitude as determined from the autocovariance in Fig. 2d is in qualita- 
tive agreement with the condition in Eq. 6. The above example is well described 
by the classical first order statistical model where the backscattering function is as- 
sumed to be a stationary circular complex zero mean Gaussian process with variance 
ut . The envelope amplitude A is then described by the Rayleigh probability density 
function [ll]. 

The process is described by a single parameter us. The mean value is Jir ub and 
the variance is (2 - ir) a;. 

As a second example, consider the signals returned from a strongly scattering smooth 
compact object on a flat bottom. This situation is modelled by introducing one 
strong point scatterer at the center of the background scatterers considered previ- 
ously as illustrated in Fig. 3a. The scattering amplitude of the strong scatterer is 
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100 times larger than the average scattering amplitude of the background scatterers. 
The variation of envelope amplitude with bearing angle shown in Fig. 3b can also in 
this case be described as a stationary random process. The histogram of envelope 
amplitudes in Fig. 3c is smooth and nnimodal, and the width of the autocovariance 
function in Fig. 3d is comparable to the width of the autocovariance function for 
the Rayleigh case in Fig. 2d. The backscattering function is the sum of a a station- 
ary circular complex zero mean Gaussian process with variance a; and a signal of 
constant phase with amplitude b. The samples of the envelope amplitude follow a 
Rice distribution [ll] with a probability density function given by 

where lo(-) is the modified Bessel function of order zero. When the amplitude of 
the constant signal is much smaller than the standard deviation of the random 
component b << ub the Rice distribution converges to the Rayleigh distribution. 
At the other extreme when the amplitude of the constant signal is much greater 
than the standard deviation of the random component b >> ub the large argument 
approximation [12] I,(q) z (2?rq)-'/' exp q gives 

In this case the probability density function is approximately Gaussian distributed 
with mean b and variance a;. The Rice process is completely described by two 
parameters. 

Consider next the signal returned from an object with two strong scattering centers 
on a flat bottom. In Fig. 4a the position of the point scatterers considered previ- 
ously are shown with two strong point scatterer of equal amplitude 4 wavelengths 
apart. The scattering amplitudes of the strong point scatterers are equal and 50 
times larger than the average scattering amplitude of background scatterers. In ad- 
dition to random uncorrelated fluctuations the envelope amplitude shown in Fig. 4b 
exhibits a periodic variation with bearing angle. This blinking is caused by interfer- 
ence between the two dominant scatterers. Compared to the examples considered 
previously, the histogram of envelope amplitudes in Fig. 4c shows a larger relative 
spread and the mode is displaced towards higher values. The autocovariance func- 
tion in Fig. 4d is wider than that of the previous examples. The variation of the 
envelope amplitude can be characterized by three parameters: the amplitude of the 
periodic variation, the frequency of the variation and the standard deviation of the 
background. The process is not described completely by a first order probability 
density function as this would contain no information on the angular correlation. 
Further complexity could be added by introducing unequal scattering amplitudes 
and more dominant scatterers. The probability density functio~s for these cases can 
be determined numerically [13]. The inverse problem of estimating the parameters 
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of the generating process from a limited number of noisy samples of the envelope 
amplitude becomes ditEcult even for a small number of dominant point scatterers. In 
the limit where the number of strong scatterers becomes large and no single scatterer 
is dominant the process will converge to the Rayleigh process. 

In the above examples the positions of the scattering structures was assumed to be 
random. In practice the features of the sea bottom will exhibit some spatial ordering 
such as objects with facets larger than the wavelength or ripples on the sea bottom. 
A simple form of spatial ordering is scatterers randomly distributed on a segment of a 
straight line. The positions of the point scatterers considered previously are shown in 
Fig. 5a. In addition 120 point scatterers are distributed uniformly on a line segment. 
The backscattering amplitude distribution of the scatterers on the line is identical to 
that of the background scatterers. The envelope amplitude variation with bearing 
angle in Fig. 5b resembles the Rayleigh process except for an interval with a g h t  
where the sonar line of sight is perpendicular to the line of scatterers. The histogram 
of envelope amplitudes shown in Fig. 5c resembles a Rayleigh probability density 
function except for some high values due to the glint. The autocovariance function 
in Fig. 5d is wider than in the case of a Rayleigh process. The variation of the 
envelope amplitude can be characterized by four parameters: the glint amplitude, 
the glint width, the angular position and the standard deviation of the background. 
The process is non stationary and cannot be completely described by a first order 
statistical model. 

The general variation oi the envelope amplitude with bearing angle can be expected 
to be at least as complicated as any combination of the above examples. The pro- 
cess can be expected to be non stationary and the samples can be expected to be 
correlated. A complete description of the process will require a large number of 
parameters. A first order statistical model will not be a complete description. 

The spatial variation of the envelope amplitude for a fixed position of the sonar can 
be understood by considering a resolution cell with a behaviour as discussed above 
to be associated with each independent spatial position. A complete description of 
the spatial variation will thus require the specification of a process and associated 
process parameters at each spatial position. 
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Noise 

Experiments indicate that variation in the envelope amplitude of signals received 
from the sea-bottom for a fixed sonar position is non neghgible [14]. The varia- 
tion can be caused by ambient noise, volume scattering from moving scatterers and 
instabilities in the medium. 

When volume scattering and ambient noise can be considered the sum of many 
independent events of comparable s i 6 c a n c e  an adequate model is a circular com- 
plex zero mean Gaussian process G(r) with range dependent variance. The received 
signal can then be expressed as 

Measurements of the envelope amplitude for a fixed sonar position in the presence 
of volume scattering and ambient noise can be considered samples from a Rice 
distribution. If noise is dominant, the samples will be Rayleigh distributed. If the 
contribution from bottom backscatter is dominant the samples will be approximately 
Gaussian distributed. 

If the medium between the sonar aperture and the point being interrogated is un- 
stable in the sense that it contains spatial and temporal fluctuations in temperature 
and salinity, the arrival time of signals from different locations within the resolution 
cell will fluctuate. This can be interpreted as an uncontrolled timevarying move- 
ment and distortion of the resolution cell on the bottom. The characteristics of the 
variation of the measured samples will, therefore, depend on the structures within 
the resolution cell as well as the time scale of the variation. Further assumptions 
as to the contents of the resolution cell and the nature of the instabilities are nec- 
essary to describe the measured samples in terms of a probability distribution. The 
variation due to medium instabilities will increase with range. 
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Methods of data acquisition 

An area of sea bottom can be examined by moving a sector scanning sonar along 
a line at constant height above the bottom. The sector scanning sonar can be 
mounted in two different ways. Either forward or side looking with respect to the 
line of translation. Each of these acquisition modes has its own advantage. 

In the side looking mode range, grazing angle and bearing angle will vary for the 
samples corresponding to a particular position on the bottom. Due to the insensi- 
tivity of the bottom backscattering function to variations in range and grazing angle 
an appropriate model of the envelope amplitude is a function of bearing angle only. 
When noise and medium instabilities are negligible this mode of acquisition is suited 
for examination of the variation of bottom backscattering with bearing angle. 

In the forward loolung mode only range and grazing angle will vary in the middle 
of the sector. The bottom Eackscattering function corresponding to eat-i spatial 
position can therefore be considered approximately constant. The variation in the 
samples at each spatial position will be due to noise and instabilities of the medium. 
This mode of acquisition is well suited to examining the bottom backscattering 
function when noise and instabilities of the medium are dominant. For samples 
acquired at angular positions off the middle of the sector the bearing angle will vary 
as well. Different models are therefore required for the data acquired at different 
positions of the sector in this mode of acquisition. 

The side loolung configuration is attractive as this configuration will provide infor- 
mation on the bottom backscattering function with bearing angle. Also, the data 
can be interpreted using the same model irrespective of which part of the sector was 
used in data acquisition. In the following the side looking mode will be examined 
in more detail. 
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Information extraction 

The variation in envelope amplitude observed when a sidelooking sector scanning 
sonar is passed over a particular point on the bottom will be due to variation in 
the bottom backscattering function as well as noise and instabilities in the medium. 
The interpretation of this variation depends on the model chosen to represent the 
data. The primary requirement of the model is that it can accurately represent the 
variation in the data but also practical considerations such as processing load, mem- 
ory requirements and communication of the extracted information to an operator 
are of importance in the selection. 

If the variation of the envelope amplitude is modelled as a single stationary random 
process the result wil l  be a complicated, possibly multimodal probability distribu- 
tion with a large variance. The model is simple but unable to represent systematic 
variation in the data. Another approach is to use a nonstationary model to repre- 
sent variation in envelope amplitude with bearing angle. This could describe the 
variation in the data but is not simple. A compromise between the stationary and 
non stationary models is a piecewise stationary random process within intervals of 
bearing angle. This approach, which is adopted here, is both simple and capable of 
describing a systematic variation of the envelope amplitude with bearing angle. 

A procedure for data acquisition and information extraction based on a piecewise 
stationary model can be outlined as follows. The sector scanning sonar is moved in a 
side looking configuration during data acquisition. The data from each transmission 
is normalized, registered to a ground fixed coordinate system and interpolated into a 
sector image. The sector is divided into a number of subsectors each correspondmg 
to a interval of bearing angle. When the sonar has passed an area of sea bottom 
a number of samples of the envelope amplitude in a number of subsectors will be 
available at each point on the ground. 

The samples at a point in each subsector are assumed realizations of independent 
identically distributed random variables A1, A2, . . . , AN. In order to characterize 
a distribution at least as complicated as the Rice distribution two parameters are 
required. The two parameters selected here to represent the information on the dis- 
tribution are the sample mean and the sample standard deviation. The population 
distribution function is assumed to have mean p, variance a2 and existing moments 
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up to fourth order. The sample mean is determined by 

and the sample standard deviation by 

The estimates will be jointly distributed with variances and covariance approxi- 
mately given by [15] 

Here p3 and p4 are the third and fourth order central moments of the population 
distribution. In order to co~npute the estimates ji and & it is only necessary to 
store N , C An and C A: at each point. This has the advantage of reducing storage 
requirements. 

The interpretation of a pair of values (fi,&) is illustrated in Fig. 6. A reference 
representing a background distribution must be established either by specifying a 
joint distribution and associated parameters or by determining the characteristics of 
the background empirically from the spatial distribution of data in a reference region. 
The center of the background is given by the mean values of the estimates ji and 6. 
For the purposemf illustration the background in Fig. 6 is assumed to be Rayleigh 
distributed. For a sufticiently large number of samples the sample mean and sample 
standard deviation can in general be assumed jointly normal. The ellipse represents 
a confidence level of a jointly normal distribution with parameters given by Eqs. 14- 
18. With the characteristics of the background established it can be tested whether 
a pair of (fi, 6) belongs to the background. If the pair is located outside the region 
occupied by the background a further characterization of the data is possible based 
on the position of the pair relative to the center of the background distribution. 
Lines of location of the pair (fi, 6)  indicated for a number of important situations 
in Fig. 6. The line marked Rice has been drawn using Eq. 11. It describes the 
location of a pair (ji, &) resulting from a process typical of a strong scatterer on the 
background of a large number of weaker scatterers. The lines marked Rayleigh and 
Shadow describe procesi :s with a Rayleigh distribution but with means different 
from the background. Both Lines have been drawn on the basis of Eq. 10. Processes 
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with a large variance relative to the mean are indicated with the lines marked Blinks 
and Glint. Blinks represent situations where a few closely spaced scatterers cause 
rapid changes in amplitude. Glints represent situations with isolated spikes in the 
amplitude such as specular reflections. The processes are uniquely described by the 
length and angle of a line from the center of the background region to the pair of 
estimates. 

For each point on the sea bottom the procedure described above will generate in- 
formation describing the process within each bearing angle interval. In order to 
communicate this information to an operator the following procedure is suggested. 
For each bearing angle interval a ground registered image is generated. If the esti- 
mated pair ( j r ,  i) at a position is inside the background region the pixel in the image 
is assigned a grey value proportional to ji. If it is outside the pixel is assigned a 
color value indicating the position of the pair (ji, &) in the diagram in Fig. 6. This 
procedure will generate a number of images equal to the number of bearing angle 
intervals that are displayed to the operator as an animated sequence. 

This display technique will deemphasize areas of the sea bottom with characteristics 
similar to the selected background by representing these areas in grey values and 
displaying the sample mean which has a smaller variance than each of the samples. 
Areas of the sea bottom with characteristics different &om the the background will 
be emphasized by representing these areas in color. The color of an area is an 
indication of the type of process at the location. In addition, changes in the process 
with bearing angle can be observed in an animated sequence of images corresponding 
to the bearing angle intervals. 
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Experiment 

To demonstrate the feasibility of the technique outlined in the previous section a 
simple experiment was performed. An underwater scene was constructed by placing 
a target in the form of a concrete cylinder with a diameter of 0.5 m and a length 
of 1.5 m on a nominally flat featureless sandbottom. The scene was examined by 
moving a sonar mounted side looking past the scene at a nominal altitude of 5 m and 
with a range setting of 25 m. The sonar was a SEABAT 6012 from Reson System 
A/S operating at 455 kHz. The angular bearing -3 dB resolution is 1.5' and the 
range resolution is 0.05 m. The sonar data consist of the unnormalized envelope 
amplitude from 60 beams in a 90' sector interpolated into raster format. The sonar 
images were recorded with a 20 dB dynamic range setting on a S-VHS video recorder 
during the experiment and later digitized using a video frame grabber. The digitized 
images were 512 by 480 pixel with 8 bits resolution. 

The digitized images were slant range corrected assuming a flat bottom and resam- 
pled in square pixels with a side length of 68 mm. The system amplitude transfer 
function and amplitude variation with range were unknown. In order to obtain the 
normalized envelope amplitude as stated by Eq. 5, assumptions as to the variation in 
range due to the system, propagation medium and resolution cell size are necessary. 
The assumption used here is that the effects are multiplicative and varying slowly 
with range. At any given range the standard deviation of the data was found to 
be approximately proportional to the mean value. An approximate normalization 
of the images was obtained by logarithmically transforming the data followed by 
a subtraction of a 24 by 24 pixel neighbourhood mean at each location. The re- 
sult was exponentially transformed. The change in the statistics of the samples by 
subtracting a sample mean based on a large number of samples is neghgible. 

The image sequence was registered manually. In images where the cylinder was 
visible the boundary of the cylinder highhght was determined and used to estimate 
the centroid position of the cylinder. A linear least squares fit to the centroid position 
estimates was used to determine the relative position of all images in the sequence. 

The 90' sector was divided into 18 bearing angle intervals of 5'. The data in all 
images corresponding to a bearing angle interval were used to estimate the sample 
mean and sample standard deviation at all ground positions where data were avail- 
able. The sample mean images for two subsectors are shown on top in Fig. 7 and 8. 
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The target highlight and shadow are clearly seen and some random fluctuations with 
high sample mean at long ranges. The increased image contrast obtained when the 
background variance is reduced by averaging is illustrated in Fig. 9. In both images 
the cylinder target is seen as a highhght with shadow. The averaged image is the 
sample mean in a 5' subsector based on 30 samples on average at each location. 

Fig. 10 shows the two dimensional histogram [16] of sample mean and sample stan- 
dard deviation of the image shown on top in Fig. 7. This histogram can be compared 
with Fig. 6. The central region is occupied by the background. The samples with low 
sample mean and low sample standard deviation correspond to the target shadow 
and the samples with high sample mean and low sample standard deviation corre- 
spond to the target highlight. The samples with high sample mean and high sample 
standard deviation are due to random fluctuations in the return from featureless ar- 
eas. The spatial density of these fluctuations increase with range and is attributed to 
incomplete normalization due to variation in signal-to-noise ratio with range. From 
this histogram it can be concluded that discrimination between Merent regions will 
be possible with these data. 

The characteristics of the background were determined empirically by constructing 
the two dimensional histogram of sample mean and sample standard deviation from 
the data within a reference region. The estimates within the region were based on 
30 samples on average. The size of the region was 51  by 51 pixels on the ground 
and data from all 18 bearing angle intervals were used. The region used for the 
background is indicated with a rectangle in the uppermost images in Fig. 7 and 8. 
The cell size of the histogram was chosen to be 0.25 times the sample standard 
deviation of the estimates. The cells were thresholded by setting all cells to zero 
except cells with a count greater than one. The size of the background region in 
the histogram was adjusted by convolving with a 3 by 3 unity mask followed by a 
greater than zero threshold operation. The region occupied by the background in the 
two dimensional histogram of sample mean and sample standard deviation is shown 
in Fig. 11 as the middle grey area. In addition, the colors used to code samples 
outside the background region are shown. A systematic variation of covariance in 
the histogram of the background between subsectors was noted. It was nevertheless 
decided to use all subsector images in defining a common background as the variation 
was due to the system and not to the sea bottom. 

The color coded images are shown at the lower part of Fig. 7 and 8. The back- 
ground is displayed as the sample mean grey values. All samples deviating from 
the background are displayed in color. The target highlight and shadow are clearly 
discriminated. The background corresponding to the same range as the background 
reference region is effectively suppressed. At longer ranges some random fluctu- 
ations in featureless areas are not suppressed but can be discriminated from the 
target highlight by a Merent color. Comparison of the two images shows that the 
target is consistently seen in both images whereas the random fluctuations are not. 
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The result was essentially the same for all 18 subsector images. 
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Conclusion 

The traditional characterization of the sea bottom background in a sonar image by 
a first order statistical model is unable to describe the background completely when 
the bottom backscattering function varies systematically with the position of the 
sonar. A model capable of representing the variation in the backscattering function 
with sonar position will provide more information on bottom characteristics. The 
change in sonar position required to obtain an independent sample is smaller for 
changes in bearing angle than for changes in range and grazing angle. A sequence 
of images acquired with a side looking sector scanning sonar is therefore well suited 
to extracting information on the variation of the bottom characteristics with sonar 
position. 

A first order statistical model, piecewise stationary within limited intervals of bearing 
angle is capable of representing much of the variation in the envelope amplitude. 
Within each bearing interval .r point on the sea bottom can be characterized by 
the sample mean and sample standard deviation of the samples of the envelope 
amplitude. The sample mean and the sample standard deviation can be used as 
features to discriminate between parts of the bottom which are normal background 
and parts which are not. Points which cannot be considered normal background 
can be further characterized on the basis of the sample mean and sample standard 
deviation. The extracted information can be displayed to an operator as an animated 
image sequence. 

The feasibility of the method has been tested on data from an underwater scene 
consisting of a cylindrical object on a flat featureless sand bottom. The results 
demonstrate the improvement in image contrast obtainable by displaying the sam- 
ple mean. The data allowed clear discrimination of an object from the background. 
The discrimination was consistently successful in all bearing angle intervals. The 
difficulty in performing a system-independent measurement of sea-bottom charac- 
teristics has also been demonstrated. 

By providing the operator with a higher image contrast and information on the 
variation of backscat tering characteristics of the scene with observation point, the 
ability of a sonar system to discriminate between objects and background will be 
improved. 
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Figure 1: Geometry of experiment. 
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Figure 2: Background of uniformly distributed scatterers. 
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Figure 3: Background and one strong scatterer. 
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Figure 4: Background and two strong scatterers. 
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Figure 5: Background and scat terers along line. 
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Sample mean [-] 

Figure 6: Interpretation of the location of mean and standard deviation estimates. 
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Figure 7: Bearing angle interval 4. Top: Sample mean image. Bottom: Color coded 
image. 
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Figure 8: Bearing angle interval 8. Top: Sample mean image. Bottom: Color coded 
image. 
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Figure 9: Comparison of raw image and image of sample mean. 
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Figure 10: Two dimensional histogram of sample mean and sample standard devia- 
tion. 
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I 
Sample mean 

Figure 11: Two dimensional color coding scheme. 
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