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Abstract—Natural and anthropogenic disturbances are causing degrada-
tion and loss of seagrass cover, often in the form of bare patches (potholes)
and propeller-scaring from vessels. Degradation of seagrass habitat has
increased significantly in recent years with losses totaling some 110 km?
per year. With seagrass habitat disappearing at historically unprecedented
rates, development of new tools for mapping these disturbances is critical
to understanding habitat distribution and seagrass abundance. Current
methods for mapping seagrass coverage rely on appropriate meteorological
conditions (satellite imagery), are high in cost (aerial photography), or lack
resolution (in situ point surveys). All of these methods require low turbidity,
and none is capable of automatically detecting bare patches (potholes) in
seagrass habitat. Sonar-based methods for mapping seagrass can function
in high turbidity, and are not affected by meteorological conditions. Here,
we present an automatic method for detecting and quantifying potholes in
sidescan sonar images collected in a very shallow, highly disturbed seagrass
bed. Acoustic studies of shallow seagrass beds (<2 m) are scarce due to
traditional approaches being limited by reduced horizontal swath in these
depth ranges. The main challenges associated with these sidescan sonar
images are random ambient noise and uneven backscatter intensity across
the image. Our method combines adaptive histogram equalization and top-
hat mathematical morphology transformation to remove image noises and
irregularities. Then, boundaries of potholes are detected using optimum bi-
narization as well as closing and erosion mathematical morphology filters.
This method was applied to several sonar images taken from the Lower
Laguna Madre in Texas at less than 2-m depth. Experimental results in
comparison with ground-truthing demonstrated the effectiveness method
by identifying potholes with 97 % accuracy.

Index Terms—Image analysis, image segmentation, morphological oper-
ations, sea floor, sonar.

1. INTRODUCTION

XTENSIVE degradation of seagrass beds is taking place in
E coastal areas around the globe because of natural and human-
induced disturbances. These negative impacts affect approximately
65% of the original seagrass communities, mainly in Europe, North
America, and Australia [1]. While large seagrass meadows can be ob-
served from satellite imagery and aerial methods these approaches can
be limited by high turbidity, poor meteorological conditions, or low
resolution. Mapping of seagrass degradation due to natural and human
disturbances such as potholes and propeller scars is essential to esti-
mating overall abundance, disturbance regimes, and the overall health

Manuscript received October 3, 2016; revised May 12, 2017 and September
7, 2017; accepted December 1, 2017. A short and early version of this paper
was previously published in Proc. SPIE, vol. 9844, Automatic Target Recogni-
tion XX VI, 98440C, May 12, 2016; doi: 10.1117/12.2224191. (Corresponding
author: Maryam Rahnemoonfar.)

Associate Editor: J. Cobb.

M. Rahnemoonfar is with the Computer Vision and Remote Sensing
Laboratory, School of Engineering and Computing Sciences, Texas A&M
University-Corpus Christi, Corpus Christi, TX 78412 USA (e-mail: maryam.
rahnemoonfar @tamucc.edu).

A. F. Rahman, R. J. Kline, and A. Greene are with the Coastal Studies
Laboratory, School of Earth, Environmental, and Marine Sciences, Univer-
sity of Texas Rio Grande Valley, Brownsville, TX 78520 USA (e-mail: abdul-
lah.rahman @utrgv.edu; richard kline @utrgv.edu; AustinLG @Hawaii.edu.

Digital Object Identifier 10.1109/JOE.2017.2780707

of related marine systems. Since the early 1990s, various remote sens-
ing techniques have been exploited for seagrass mapping [2]-[9] and
all have their limitations. For both aerial and satellite optical remote
sensing techniques, it is difficult to detect seagrass disturbances under
water. For optical remote sensing, light is attenuated as it passes through
the water column and reflects back from the benthos causing errors in
calculations. The attenuation is not only the function of depth of the wa-
ter column but also the sediment load, microalgae and organic matters
in the water column. As water depth increases, increased attenuation
makes optical imagery even more difficult to capture. Furthermore,
shallow coastal waters can be turbid due to wind and wave action, boat
traffic, coastal constructions, and other human activities—all of which
create limitations in seagrass and disturbance mapping effectiveness
using optical sensors. Methods typically used to categorize and map
terrestrial vegetation based on spectral reflectance of vegetation such as
normalized difference vegetation index do not function well in seagrass
habitats due to the reflective and refractive properties of the water col-
umn above the seagrass. These conditions limit most seagrass imagery
to simple visual analysis, where the effects of disturbance cannot be
accurately quantified. Only the visible bands of multispectral satellite
sensors are generally used to map seagrass occurrence and boundaries
in coastal shallow waters.

Underwater acoustic techniques have allowed many advances in the
field of remote sensing and these techniques can be used to produce
a high-definition, 2-D sonar image of seagrass ecosystems [10]. How-
ever, several studies have shown the inefficiency of operating traditional
acoustic instruments such as sidescan or multibeam sonar in shallow
conditions [11]-[15]. Recent work by Greene [16] has extended oper-
ational sidescan surveys of seagrass ecosystems into shallow seagrass
beds at depths of 2 m or less. Shallow habitats such as these have re-
mained largely understudied in acoustic surveys of submerged aquatic
vegetation. However, these advancements are largely due to a reduc-
tion in transducer beam angle and as such traditional techniques to
normalize backscatter-intensity [such as time variable gain (TVG)]
demonstrate limited effectiveness. The acoustic profile of this benthic
ecosystem is created when sound waves are emitted, reflected back,
and received by the transducer of a sonar device. The intensity and
contours of the image are determined by the position and amount of
time a sound wave takes to return to the transducer. In this paper,
we use sonar imagery as a tool to recognize disturbance patterns in
seagrass beds. Previous literature regarding sonar image pattern recog-
nition has mainly focused on searching for solid objects on a sandy
sea floor [17]-[24]. A Markovian segmentation algorithm was used by
Mignotte et al. [17] to segment the sonar image. Additionally, they used
an unsupervised hierarchical Markov random field model [18] to seg-
ment the image into two kinds of regions: 1) shadow and 2) sea-bottom
reverberation. Even though they obtained good results for simple con-
crete objects with regular shape on a sandy sea floor, their particular
method would be complicated and computationally expensive to apply
on seagrass images with irregular and complex patterns. Furthermore,
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another sonar segmentation method was described by Lianantonakis
et al. [19]. Their particular method focused on the binary segmentation
of high-resolution sonar images. The first step was to extract texture
features from a sidescan image containing two distinct regions. Then,
a region based active contour model was applied to the vector valued
images extracted from the original data. An automatic image analysis
program for the detection and identification of stationary targets, such
as meter-sized concrete artificial reefs on the sea floor was proposed
by Tian et al. [20]. In this algorithm, features were extracted using
grey level cooccurrence matrix and then classified by a Bayesian clas-
sifier. Another sonar image segmentation method was created by Ye
et al. [21]. Their method first involved the extraction of local texture
features of sonar images based on Gauss—Markov random field model
and integrated into the level-set energy functions. Even though the
sidescan sonar has been used for benthic mapping, there is no prevail-
ing method that automatically detects the extent of seagrass beds or
automatically identifies and maps its disturbance. To the best of our
knowledge, this research is the first of its kind on automated seagrass
disturbance identification using sidescan sonar imagery. Sonar images
are notorious for having random ambient noise and low signal-to-
noise ratio, which makes the segmentation of targets, such as seagrass,
difficult to accomplish. Additionally, brightness levels throughout the
image can be nonuniform, potentially making segmentation of natural
and man-made disturbances within seagrass difficult. Moreover, distur-
bance presents complex patterns in images causing most segmentation
techniques to fail. We collected sonar images in Lower Laguna Madre
of South Texas, which contains vast seagrass beds situated behind a
barrier island. To detect disturbances in seagrass structure, we describe
here, a novel technique based on mathematical morphology and adap-
tive histogram equalization for recognition of potholes within shallow
seagrass structure in sidescan sonar images.
The following are the contributions of this work.
1) A novel approach for automated seagrass disturbance identifica-
tion is presented.
2) Our method is robust to noise, uneven backscatter intensity, and
complex seagrass pothole patterns.
3) Seagrass and pothole map are generated automatically for the
first time.
4) Testing and development of sidescan sonar for shallow water.

II. METHODOLOGY

Our approach consisted of two major steps, as shown in Fig. 1. In the
first step, we performed uneven backscatter intensity reduction, and the
image was enhanced based on adaptive histogram equalization, top-hat
transformation, and Gaussian adaptive thresholding. In the second step,
we identified seagrass blowouts (or potholes, a disturbance regime)
by applying, Otsu binarization, closing, and erosion morphological
operators [25], [26].

A. Image Enhancement

While capturing the data, the sidescan sonar transmits a high-
frequency acoustic signal in the water using two parallel transducers.
There were substantial variations in brightness found in the sides-
can sonar images because the objects closer to the transducer created
brighter reflections. Fig. 2 shows a sonar image in which the brightness
values vary across the image. In the central portion of the image, there
is a higher intensity of reflection, which makes the image look brighter;
whereas in both sides of the image the reflection is of lower intensity
and the image looks darker. The bright line in the middle of the image
is the first echo return of the sonar at the seafloor underneath the boat.
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Fig. 1. Flowchart of overall methodology.

Potholes are visible on the image, scattered irregularly and shown as
depressions in the seagrass bed.

Uneven backscatter intensity at this shallow recording depth and
very low grazing angle creates a real challenge for automatic detection
of potholes in seagrass. Normalization of the images could not be
accomplished with commonly used methods such as TVG or beam
angle correction. Here, we explain that how we mitigated this issue.
From Fig. 2, it is clear that there are mainly three partitions that include
a bright partition in the middle and two relatively dark partitions in the
sides. We performed horizontal line by line scan from both directions.
The idea was to find two locations (b; and b, ) within the line to divide
it into three different sections, namely two darker portions on the sides
and one bright portion in the middle. Locations b; and b, were selected
such that the bright portion is between b; and b,. We used histogram
interpretation to select the threshold value (77) that we used for each line
to select b; and b, . In Fig. 3, we plotted a histogram of the highlighted
subset, where the expected break point lies. The peak of the histogram
in Fig. 3 was 0.4, so a threshold (7") of 0.4 was set to identify the
breakpoints b, and b, for each line.

The boundaries between darker and brighter partition is defined as a
set, BB, of all the break points. Mathematically, B can be expressed as

B = {(b17b2,l)|0 <i< Tl,bl = Fl(i7T)7bQ = FQ(laT)} (1)

where n is the number of horizontal pixel lines in the image, 7' is
a predefined threshold parameter, and F; and F5 are the functions
returning the length of the first run of pixels in 7th line whose intensity
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Fig. 2. Example of a sidescan sonar image with uneven backscatter intensity
across the image.

value is greater or equal to I'. F returns the length starting from first
pixel while scanning in the forward direction and F, returns the length
starting from the last pixel while scanning in a backward direction.
We then applied an adaptive histogram equalization separately on each
partition for adjusting image intensities to enhance contrast. Each row
of the image was partitioned into three sections using partition points
by and bs, as described in (1). The histogram equalization [27] is an
effective image enhancing technique, summarized as follows: Let X =
{X (i,7)} be an image where {X (¢, j)} denote gray value at location
(7, 7). If the total number of pixels is N, and image intensity is digitized
to L, levels are then VX (4, j) € {Xo, X1,...,X,_1}. Suppose ny, is
the total number of pixels with gray value X then, the probability
density of the X, will be

p(Xk) = nk/Na

and its cumulative distribution function can be defined as

k=0,1,...,L—1 )

k

o(Xp) =Y p(Xp),

i=0

k=0,1,...,L—1. A3)

The transformation function can be defined as

f(Xk):XU+(XL_1—XU)C(XA;)7 ]{7:07177.[/—1
“)

If Y = {Y(i,7)} is defined as an equalized image, then
Y = f(X) = {F(X(i,5) VX (i,j) € X}. ®)

After applying the adaptive histogram equalization, we used a
Top-hat mathematical morphology filter to further remove the un-
even backscatter intensity defects in the image. top-hat filtering
computes the morphological opening of the image and then sub-
tracts the result from the original image. It uses the structuring el-
ement. Top-hat transformation is defined as the function minus its
opening [26]

That(f) = f = (fob) ©)

where f is the original image, b is the structure element, and o is the
opening morphological operator. Opening of A by B is the erosion of
A by B followed by dilation of the result by B [28]. With A and B as
sets in Z2, the erosion of A by B, denoted by ACB is defined as

A6 B ={z|(B). N A° = 0) !

and the dilation of A by B can be defined as
A
A® B={z|(B)nA#0}. 8)

Structure elements are small sets or subimages used to probe an
image under study. Here, the structure element used was a circle with
a radius of 15 pixels. The goal of top-hat transformation is to extract
the uniform background image. Therefore, all objects including pot-
holes must be removed during the erosion stage of top-hat. Since the
maximum size of a pothole is around 130 cm by 130 cm and the res-
olution of image is around 10 cm per pixel, a structure element of
size 15 pixels will remove all objects and only give us the background
image.

To further enhance the image, we applied the Gaussian adaptive
thresholding technique. In this method, a variable threshold was cal-
culated at every point, (x,y) based on the properties computed in a
neighborhood of (x,y). In Gaussian adaptive thresholding, the thresh-
old value is a weighted sum of the small neighborhood around each
pixel. The neighborhood windows were chosen small enough so that
the backscatter intensity of each is approximately uniform. A threshold
is calculated for each pixel based on the convolution of the image with
Gaussian function as follows [26]:

a b
T(x,y) =Y Gls,0)f(x—ky—1) ©)
k l=-b

where G is the Gaussian function of two variables and has the basic
form of

1 7:r2+y

202 (10)

G(z,y) =

= ——¢€
2102

where o is the standard deviation.

B. Seagrass Pattern Identification

After enhancing the image and removing the effect of nonuni-
form backscatter intensity, the process of extracting potholes from
the sonar images was conducted. The image was binarized using an
optimum Otsu threshold [29]. If the threshold to binarize the image
is ¢, then optimal threshold can be defined as maximum of o (t)
as follows:

op(t) = max {o}(t)} (11)

0<t<L-1

where 0% (t) is class variance and L is total number of gray levels in

the image. 0% (t) can be defined as follows:
o (t) = wo () [k (t) — pr]* + w1 () (t) — pr)?

where pp =" P, wo (1) =Yy Py wi (t) = 1 — wy (1), pu(t) =
Yoo @B o (8)= (1)) /(wo (8))s 1 (8) = (pr —pa(t))/ (1 =wo (1)),
P, = (n;)/(N), N =" n;, and n; is the number of pixels with
gray level 7.

After binarization, there were a lot of small holes remaining which
were, in fact, part of seagrass texture. To eliminate these small holes,
we applied a closing morphological filter. If A is the image and B is
structure element, then the Closing of A by B can be defined as the
dilation of A by B followed by erosion of the result of the dilation

12)
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Fig. 3. Histogram of the highlighted subset of the seagrass image.
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Fig. 4. Location of the study site with the six sonar transects.

by B [26]

A®B =(A®B) ©B. (13)

For our analysis, we used a circle as the structural element with
diameter of 11 pixels since we were interested in detecting pothole
with a diameter greater than 11 pixels. The closing operation smoothed
out sections of contours by eliminating small holes and filling gaps in
the contour. Subsequently, the boundary of objects in the image was
calculated using the following formula [26]:

B (A)= A—- (Ao B) (14)
where A is the original image and & is the erosion mathematical mor-
phology operator.

IEEE JOURNAL OF OCEANIC ENGINEERING

Frequency

50 100 Meters
—t—

III. EXPERIMENTAL RESULTS

A. Data Description

Data were collected from the seagrass beds of the Lower Laguna
Madre in Southern Texas on May 23, 2016 from an average depth of
75 cm. A specialized sidescan sonar unit was constructed consisting of
a towfish with two Lowrance Structure Scan HD LSS-2 transducers,
a dual-beam 200-kHz down-imaging transducer connected to a Hum-
minbird 998C HD SI control unit [30]. The sidescan unit was operated
at 800 kHz, and the transducers were offset at 25° from the horizon-
tal to allow improved horizontal swath in shallow environments [16].
Vessel position was measured with a heading-sensor equipped GPS
receiver mounted directly over the transducer. Water depth was mea-
sured via the 200-kHz down-imaging transducer. All navigation and
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Fig. 5. Transect images with a zoomed subset of final result.

acoustic signals were recorded continuously by the Humminbird 998C
HD SI control unit on a secure digital (SD) card for later process-
ing. Combining each line of reflected signal with its position, time,
and depth produced an image of the seafloor (see Fig. 2). A total
of six transects approximately 5000 x 60 000 pixels and overlapping
by 50% were processed individually to image an area of approxi-
mately 88 000 m?. Fig. 4 shows the location of the study site on
GeoEye imagery with the six transects of sonar images used in this
experiment.

B. Seagrass Pattern Recognition

The images used in this experiment were large transects. Each tran-
sect was 600 m long, and spaced 20 m apart with a horizontal swath
of approximately 50 m. Total area covered between all six transects

was 88 000 m? (150 m x 600 m). We applied the seagrass detection
algorithm on entire transect images, however, for a better display, only
a subset is shown here. Fig. 5 shows the original transect images along
with the subset chosen for display and part of the result superimposed
on the subset.

Fig. 6 shows the original image and all the intermediate results while
identifying the potholes along with the ground-truth. We present here,
a subset of one of the six transect images.

The uneven, nonlinear backscatter intensity gradients are likely the
product of either the modified sidescan array’s reduced beam pattern,
sound attenuation by seagrass aerenchym, the very shallow environ-
ment in which the sidescan was designed to operate, or a combination
of these. These factors did not permit backscatter-intensity normaliza-
tion with a TVG without a heavy loss in detail along the center track.
However, automatic gain correction (AGC) appeared to approximate
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(a) Subset of the original image. (b) Result after applying histogram equalization. (c) Result after applying the top-hat filter. (d) Result after applying

the Gaussian smoothing filter. (e) Result after applying binarization. (f) Result after removing small holes from the binary image. (g) Image obtained after
superimposing the boundaries of the potholes over the original image. (h) Ground-truth.

our own adaptive gain equalization. A traditional sidescan array op-
erating over deeper seagrass meadows may be able to simplify image
processing and pattern recognition steps by utilizing these automated
techniques such as TVG correction. Fig. 6(a) represents the subset of
the original image. In Fig. 6(b), it can be observed that after applying
adaptive histogram equalization (5), the darker sides of the original
image were brighter but still the middle section of the image was still
brighter, as compared to sides. To mitigate this effect, we applied Top-
hat filter (6) on the image in Fig. 6(b) and (c). This filter was effective
at balancing the backscatter intensity. The image is too sharp to be
binarized at this point of time because of the seagrass texture. Due to
the extreme sharpness of the seagrass texture in the image, a Gaussian

filter was used before binarization to prevent artifacts being identified
as potholes that were only the texture of the seagrass. After apply-
ing Gaussian filter (9) with 0 = 2, a smoother image was observed in
Fig. 6(d) with reduced sharpness of the seagrass texture. After bina-
rizing of the image (11), we can see many small potholes in Fig. 6(e).
A closing morphological filter (13) was applied, revealing the actual
potholes in Fig. 6(f). Finally, the boundaries of potholes were detected
using (14). The final polygons were superimposed on the original im-
age, shown in Fig. 6(g). Fig. 6(h) shows the ground-truth image. This
image was obtained by manual inspection of the image and annotation
by an expert with detailed experience in the seagrass area that was
imaged.
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TABLE I Generally, naive accuracy measure is used, but in this case, it is not
EXAMPLE OF AN ERROR MATRIX a reliable measure because it does not take into account the random
i = column Row agreement for two classes. Since we had on‘ly two classes (seagrass and
potholes), there was a 50% chance for a pixel to belong to any one of
(reference) total the classes, we used kappa statistics [15] to compute both overall and
1 2 k n. classwise accuracies.
" The kappa index of agreement (KIA) reveals how much better, or
. worse, the classifier is than would be expected by random chance. The
J—Tow n n n n overall kappa index is defined as follows [31]:
(classification) 11 12 1k 1+ o0 — 0
k= L 72 (16)
2 n n n n b
2 2 2k o where x is kappa, 6 = (1/n)Y'_ n; and 6, = (1/n%)
Zf: | Mi+ My, Ny is Marginal sum of column ¢ and 7, Marginal
k n, My n,, n,, sum of row i
kappa user’s accuracy = Dii 7 Wik i (17)
NN — Ny My
Column total N | My | Ny | Iy " o
kappa producer’s accuracy = Dy = Mgl (18)
NNyj — Ny jNjq
We computed the average of all the six images for both the over-
all naive and classwise kappa accuracies. The average overall naive
TABLE II . . .

OVERALL AND CLASSWISE ACCURACY ASSESSMENT accuracy was 97.73%. Desplt.e the high OVCUI’all naive accuracy, we
also computed kappa accuracies because naive accuracy is not free
from random agreement and may not be a reliable measure for two

Average overall naive accuracy (%) o173 classes. For classwise accuracies, we computed both producer’s and
Average overall kappa accuracy (%) 85.96 user’s accuracy. Producer’s accuracy, also known as precision, corre-
Average producer’s Potholes 83.33 sponds to error of omission (exclusion). It accounts for the samples,
kappa Accuracy Seagrass 88.84 which are not classified in a class that they actually belong to, while
Average user’s Potholes 89.00 user’s accuracy, also known as recall, presents the reliability of classes
kappa Accuracy Seagrass 83.03 in the classified image. Along with the accuracies, we also computed
the standard error of each computed accuracy. Tables II and III show

that the pothole detection accuracies are high and errors are very low

TABLE III (on the order of 10) and that potholes have more user’s accuracy

OVERALL AND CLASSWISE ERROR ASSESSMENT as compared to seagrass. Pothole identification was more reliable as
compared to seagrass identification. However, some of the potholes

Average overall kappa error (107°) 5.58 could not be identified correctly and classified as seagrass, leading to
Average producer’s Potholes 7.83 a lower producer’s accuracy. The average overall and classwise ac-
kappa Accuracy Seagrass 6.76 curacies and errors are presented in Tables II and III. Figs. 7 and
Average user’s Potholes 7.84 8 show accuracies and error, respectively, for all the six images. It
kappa Accuracy Seagrass 6.76 can be observed from Fig. 7 that the overall kappa for six images

C. Performance Evaluation and Accuracy Metrics

Visual interpretation of the results suggests that the algorithm was
able to detect potholes efficiently and an accuracy assessment con-
firms this same result in Table II. We used several matrices for the
accuracy assessment including Naive and kappa accuracy measures of
both, overall and classwise comparisons. naive overall accuracy was
computed as follows [31]:

Sy mii

n

naive overall accuracy = (15)

Assuming that n samples are distributed into k* cells, where each
sample is assigned to one of k categories in the remotely sensed clas-
sification (rows) and, independently, to one of the same k categories in
the reference data set (columns). As shown in Table I, let n;; denote
the number of samples classified into category i (i = 1,2,...,k) in
the remotely sensed classification and category j (j = 1,2,...,k) in
the reference data set (ground-truth).

ranged from 82% to 90% accuracy with an average kappa accuracy
of 85.96%.

Figs. 9—-11 show some subset of the seagrass images, where big,
intermediate, and small size potholes were accurately identified.

In this study, potholes were identified with the high accuracy regard-
less of their size (see Figs. 9—11). Moreover, our algorithm was able to
detect potholes in any portion of the seagrass image despite the uneven
backscatter intensity in the sonar image. In Fig. 11(a) and (b), potholes
are in the brighter portion of the seagrass image (middle of the image)
and all other subsets from Figs. 9-11 potholes are in darker portion of
the image.

There were few false negative and false positives in our pothole iden-
tifications; however, some false positives occur when there is similar
texture inside and outside of potholes. In Fig. 12, it can be observed that
the pothole boundary is not identified accurately. Moreover, a close ob-
servation of the Fig. 12 reveals that the area within the pothole, which
was not detected as pothole (highlighted by upper red box), has a similar
texture to that of seagrass (highlighted by lower red box). Two possible
reasons for the texture similarity are: 1) presence of macroalgae inside
the pothole or 2) due to the new growth of seagrass inside the pothole.
Algae within the potholes may reflect sonar signals similar to the sea-
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(@)

Fig. 10.

Fig. 11.

(a)

Fig. 12.  (a) Subset of the original image having a large pothole and (b) subset
of the image containing boundaries of the potholes identified by the algorithm
along with the zoomed subsets of the areas within the pothole and outside the
pothole.

grass, leading to misidentification of potholes as seagrass as seen in
Figs. 7 and 8 in terms of user’s and producer’s accuracy and errors.
Another problem in disturbance identification was with boat pro-
peller scars. Currently, the algorithm presented here is not able to
detect propeller scars accurately. Since the scars are very narrow linear
features, they dissolve with the seagrass while smoothing the image and
are left unidentified. Future research will investigate separate narrow
linear feature detection based algorithms to identify the propeller scars.

IV. CONCLUSION

In this study, we demonstrated an automated method to detect sea-
grass potholes using sidescan sonar imagery from a modified sides-
can array functioning in a shallow environment. Presence of uneven
backscatter intensity and noise in sidescan sonar images, in addition to
the complex pothole patterns, created several challenges in recognizing
seagrass disturbance pattern in the sonar images. We approached these
challenges in two steps, namely, 1) image enhancement and 2) seagrass
pattern recognition. For image enhancement, our automated method
combined adaptive histogram equalization and top-hat mathematical
transform to remove image noises and irregularities. Commonly used
sonar gain normalization methods such as TVG or AGC may accom-
plish similar results as adaptive histogram equalization when operating
indeeper conditions via traditional sidescan arrays. Surveying a shallow
and highly disturbed seagrass meadow, we designed a wholly automatic
technique to detect the boundary of seagrass bed potholes using mathe-
matical morphology filters. We applied our algorithm to sidescan sonar
images collected from Lower Laguna Madre in Texas and experimental

Accurately identified intermediate size potholes over different seagrass images.

(©)

results in comparison with the ground-truthing show the high accuracy
(~97%) of the proposed technique in detecting the potholes. Paired
with a sidescan array modified for use in very shallow depths, these
results demonstrate an efficient and accurate method of automatically
identifying disturbance in shallow seagrass meadows rarely attempted
using acoustic instruments. In the future, we plan to extend this work
to real-time identification of seagrass disturbance patterns.

(b)

Accurately identified small size potholes over different seagrass images.
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