REPORT DOCUMENTATION PAGE e No boor-ote @)

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instruct ons, searching existing data sources
gathenng and maintaining the data needed. and completing and reviewing the collection of information. Send comments regarding this b.rden estimate or any other aspect of
this collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directarate {or information Operations and Repons, 1215 Jelferson

AD-A232 439

Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-088), Washington, DC 20503

1. Agency Use Only (Leave blank). 2. Repor{qggte.

3. Report Type and Dates Covered.
Abstract

4. Title and Subtitle.

5. Funding Numbers.
Digital filtering/enhancement/analysis of Geologic Long-Range Inc ined

Program Element No 0602435N
Asdic (GLORIA) acoustic imagery
Project No 3585
6. Author(s).
Kevin B. Shaw Task No MOG
Accessic~ No DN255031
7. Performing Organization Name(s) and Address(es).

8. Performing Organization
Report Number.

Naval Oceanographic and Atmospheric Research Laboratory AB 89:351:076
Ocean Sciences Directorate

Stennis Space Center, MS 39529-5004

. Sponsoring/Monitoring Agency Name(s) and Address(es). 10. Sponsoring/Monitoring Agency

Report Number.
Naval Oceanographic and Atmospheric Research Laboratory

AB 89:351:076
Exploratory Development Program
Stennis Space Center, MS 39529-5004

11. Supplementary Notes.
SPIEpp i

;

_.

ad

0
s

s r—j
12a. Oistribution/Availabifity Statement. 14B, Distributioff @ode. i
Approved for public release; distribution is unlimited. y

133?f§3£a%%nyéﬂ"#?Fti?g,w°Q%§é detectors, histogram modification, and three-dimensional display experiments are per-
formed on mosaicked Geologic Long-Range Inclined Asdic (GLORIA) acoustic imagery. These experiments have the motiva-
tion of establishing Navy capability for viewing the seafloor--especially in deep water and in three dimensions
detecting objects on the seafloor, and enhancing existing monochrome GLORIA imagery. It was found that a Gaussian
filter with a kernel size of 5 x 5 provided subjective enhancement to the lower intensity areas while some of the
other filtering techniques, e.g., difference and gradient destroyed the dynamic range of the image. Kernel sizes were

hvg " found to be extremely crucial in the experiments with this imagery, especially the median filter which did provide
e excellent smoothing of the imagery without sacrificing the edges. The diaital mosaicking performed on this particular
_'; data set of acoustic imagery was determined to introduce multiple artificial artifacts. Image analysis showed the
[ intensities (8 bit, 0-255) to follow the classic Gaussian distribution. Histogram equalization yielded exceptional
. results for adding contrast (which allows the determination of geological boundaries and detection of various sea-
Lo floor objects. The vector intensity profile of the intensity offered an interesting future research objective, the
o ! correlation of acoustic imagery to bathymetry, the measurement of the depth of large bodies of water.
b
A
[}
14. Subject Terms. 15. Number of Pages.
(U) Hydrography; (U) Bathymetry; (U) Optical Properties; (U) Remote Sensing; 7
(U) Reverberation 16. Price Code.
17. Security Classification 18. Security Classification 19. Security Classification 20. Limitation of Abstract.
of Report. of This Page. of Abstract.
Unclassified Unclassified

NSN 7540-01-280-5500

Unclassified SAR

Standard Form 298 (Rev. 2-89)
Prescrbed by ANSI St 239-18
298-102




PROCEEDINGS REPRINT

SPIE—The International Society for Optical Engineering

Reprinted from
Image Processing

Algorithms and
Techniques

12-14 February 1990
Santa Clara, California

Accesion For

/|

e

ey
Vo 1.

©1

MNTIS O Cnakl W
[’ “" .o

|

TY

't

he Society of Photo Optical Instrumentation Engineers

Box 10, Bellingham, Washington 98227 USA. Telephone 206/676-3290.

Lx 4.7;( i,' w'n ‘ i‘

Volume 1244

91 2 2 002




Digital filtering/cnhancement/analysis of Geologic LOng-Range
Inclined Asdic (GLORIA) acoustic imagery

Kevin B. Shaw

Naval Occanographic and Atmospheric Rescarch Laboratory
Mapping, Charting and Geodesy Division
Stennis Space Center, MS 39529

ABSTRACT

Various digitat filters, edge detectors, histogram modification. and three-dimensional display experiments are performed on
mosaicked Geologic LOng-Range Inclined Asdic (GLORIA) acoustic imagery. These experiments have the motivation of
establishing Navy capability for viewing the scafloor—cspecially in deep water and in three dimensions, detecting objects on the
sealloor, and enhancing existing monechrome GLORIA imagery. It was found that a Gaussian filter with a kernel size of 5% 3
provided subjective enhancement 1o the tower intensity areas while some of the other filtering techniques, ¢.g., difference and
gradient destroyed the dynamic range of the image. Kernel sizes were found to be extremely crucial in the experiments with this
imagery, especially the median (ilter which did provide excellent smoothing of the imagery without sacrificing the edges. The
digital mosaicking performed on this particular data set of acoustic imagery was determined to introduce multiple artificial
artifacts. Image analysis showed the intensities (8 bit, 0-255) to follow the classic Gaussian distribution. Histogram equalization
yielded exceptional results for adding contrast (which allows the determination of geological boundaries and detection of various
seafloor objects. The vector intensity profile of the intensity oti~red an interesting future rescarch objective, the correlation of
acoustic imagery to bathymetry, the measurement of the depth of large bodics of water.

2. GLORIA ACOUSTIC IMAGING SENSOR

The United States Navy is very interested in improving/modemizing current underwater mapping technologies. Prior to the
1970’5 there was virtually no aute nated manner in which the Navy could generate bathymetric contours of the ocean botlom, not
to mention acoustic imagery of the occan bottom. However, in the 1970’s mulu-beam ccho sounding systems began to be
developed, namely one called Sea Beam (developed by General Instrument). This new technology provided for the real-time
genceration of bathymetric contours of the occan bottom as the survey ship moved along a given track. The next key development
was that of side-scan sonar which is basically an ccho sounding system that looks sideways at the occan floor, ¢.g. GLORIA. This
paper will focus on the application of this side-scan sonar technology 10 the mapping of the ocean bottom. The resultant images
from side-scan sonars will be referred to as “acoustic imagery” throughout this paper.

A state-of-the-art side-scan sonar for this type application is being developed by Texas A&M, Naval Occanographic and
Atmospheric Rescarch Laboratory (NOARL) and John Chance. This paper discusses various ¢xperiments carricd out on
mosaicked GLORIA acoustic imagery, which is a good zeroth order model for the upcoming statc-of-the-art sensor oulput.

2.1 United States Geological Survey experiment

Significant work has been done by the United States Geological Survey (USGS) related to the exploitation of GLORIA
imagery. Software has been designed, written, and expanded to process digital images {roin the GLORIA system. The USGS
software is separated into two broad categories: preprocessing/analysis and information extraction. The various products being
generated show, often for the first time, detailed information that will be used  map the occan floor. These maps will give the
large overview “picture” of the region, similar to regional views of land arcas provided by Landsat MSS images, and will hielp
identify arcas of interest for further detailed studies for exploration and/or potential hazard arcas, The software to process the
GLORIA data is part of the USGS Mini Image Processing System (MIPS) and was developed in Flagstaff Arizona.!

The GLORIA data discussed in this paper has arisen from a USGS survey in the Gulf of Mexico for the Exclusive Economic
Zone (EEZ) program and has been passed through the TJSGS MIPS preprocessing routines. The GLORIA sensor provided
approximately 50 meter pixels, approximate mainly because the along track distance is not cqual to the cross track distance per
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pixel, with the port operating frequency at 6.8 kHz and the starboard operating frequency at 6.2 kHz.2 Note, GLORIA is somewhat
alow frequency side-scan sonar, as compared 10 TAMU? which operates at 12 kHz or 72 kHz, which points (o the collection of
sub-bottom information. Sub-bottom informaticn has not been decoded or verified from this data at the writing of this paper.

3. APPLICATION OF HISTOGRAMMING TECHNIQUES

Image Analysisis normally thought of as involving the study of feature extraction, segmentation, and classification techniques.
Inthis scction three fundamental standard image processing techniques will be applicd to the GLORIA imagery which will provide
the necessary initial information such that further future image analysis technigues can be applicd/developed. This paper will only
address these initial steps. Firsta standard but very powerful histogram will be performed which will provide the first quantitative
analysis of this imagery. Next, this histogram will be equalized using a standard histogram equalization technigue (notc acoustic
imagery is monochrome). Finally, a 3-D Mcsh Analysis will be performed on the imagery yielding a supplemental perspective
of thc imagery.

Primarily the Gould DcAnza Image Processor in concert with a Vax 11/780 and the Gould Library of Image Processing
Software (LIPS) will be used for the following image processing functions.

+ 1 Conventional histogram

Figure 1, Acoustic Imagery Histogram, shows a samplc of GLORIA acoustic imagery taken from a USGS survey in the Gulf
of Mcxico. Itis apparent {rom the image histogram that this type imagery has basically a Gaussian distribution of intensity valucs.
Note thesc intensity values are 8 bit valucs, i.c., they vary from 0 to 255 numerically. Exceptions to the standard Gaussian
distribution are scen at approximately the 120 and 255 intensity values, which arise from the {illing of areas without data and the
white strip on the left of the image. Note also in Figure 1 directly below the digits 255, two linear features arce casily detected. These
lincar [caturcs will be enhanced in the following figure. Also, the ship’s track is visible and shown by the two “wide” diagonal
lines on the image. This clutter around the ship’s track is caused by the rapid returning nadir or near-nadir values. GLORIA data
is recorded immediately as soon as it ransmits an acoustical wave, thercfore the pixcls 1o both sides of nadir contain invalid
information.

3.2 Histogram equalization

Next, this Gaussian distribution histogram was transformed to a uniform (approximate uniform) histogram or histogram
cqualized, shown in Figure 2. Neting the equalized histogram plot, shown in Figure 2, the intensitics are spread out o yield more
contrast in the image. Figure 2 notably accents the relicf, shown by the lower intensity values, much more so than given by the
raw imagery. Also, the linear fcatures mentioned above relating to Figure 1 have been highlighted even more in Figure 2. These
linear features are probably artifacts from the digital mosaicking procedures used by USGS. The relicf that is barely detectable
in Figure 1 is very apparent in Figure 2,

3.3 Wireframe “mesh” vector plot projection

Finally,a wircframe mesh of the GLORIA imagery was gencrated in order to better interpretits intensity values and their spatial
oricatation, shown in Figure 3. Figure 3 utilized a 16 x 16 sampling window.

The mesh procedure used in this figure utilized a hidden line technique to produce a“wireframe” vector plot projection of the
intensity surface of the image. The size and orientation of the wireframe mesh can be controlled by adjusting the viewing position
coordinates. The size, however, will also vary with the size of the memory region on the output channel, as the mesh is scaled to
fitin the output region. This wircframe mesh was by far the most computationally intensive task performed in the initial analysis
of the acoustic imagery. Figure 3 also suggest the future production of a 3-D “sun-angle” shaded relicf view of this type imagery
would likely contribute to the interpretation of acoustic imagery.
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Figure 2. Histogram equalized GLORTA Tmagery.
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4. APPLICATION OF IMAGE ENHANCEMENT TECHNIQUES

In this section several digital image enhancement techniques are applied to the acoustic imagery shown in Figure 1. It is
demonstrated that existing Gaussian, medizn, and difference techniques can provide significant acoustic image degradation given
the improper kernel size selection. This kernel size or filter size, usually square, is crucial to the computational speed of some of
these techniques (especially the median filtering routine) as well as the final image quality. These enhancements can make the
difference between detecting a feature, say an underwater mine, or not.

4.1 Various sized Gaussian filters

Itis very apparent from running various Gaussian filters that the kernel size for the Gaussian filier is of paramount importance.
A 29 x 29 kernel size blurred significantly the image while the 5 x 5 kernel did provide some enhancement of the darker
“rclicf” arcas.

4.2 Various sized median filters

In the process of smoothing imagery, usually the cdges or the high frequency components suffer. However, with median
filtering these edges can be preserved through the process, given the proper kernel size. The § x 5 keruel size olfered the most
promise for enhancing this GLORIA imagery without sacrificing the image fidclity.

4.3 Various sized difference filters

One way of defiring difference operators for edge detection purposces is to fit a polynomial surfacc to the gray levels in the
neighborhood of the given pixel and 1ake the gradient (magnitude and direction) of this polynomial as an estimate of the image
gradient. The x andy partial derivadive: of the polynomial can be expressed directly in terms of the gray levels in the neighborhood,
su that actual surface fitting is not necessary. For example if we fitaplane by least squares toa 2 x 2 neighborhoaod, the magnitude
of the gradicnt of that plane turns out to be the same as the rms magnitude of the Roberts operator, and if we fit a quadric surface
10 a 3 x 3 neighborhood, the x and y partial derivatives arc proportional to the results of convolving the image with:

and
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the Prewitt operator.

Another local feature detection technique (enhancement in the sense that it provides “enhanced detection™) is the Sobel
opcerator, defined by convolving the image with:
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This responds to an edge in two positions, but is less sensitive to the noise, because it combinces differencing across the edge
with averaging along the edge.?

Experiments with these difference filters scem to also point to possible bottom texture. I'nisisanexciting arca for future pursuit.
4.4 Vector intensity plots

The Gould LIPS package offers a powerful tool, called vector intensity profiling, which allows one to interactively draw (with
trackball)a vector where an intensity plotor profile is desired. Thistechnique was used in Figure 4 with varying vector placements,

shown in red, as to obtain a graphic intensity profile of varying regions. Onc use of the technique is to scarch for edges or rapid
transitions in the intensity profile. This technique also secems promising for the exploitation of acoustic imagery.
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5. FUTURE NOARL RESEARCH THRUST AREA

The Texas A&M University Topography and Mapping Undersea System (TAMU?) seaser offers a tremendous breakthrough
in the acoustic imagery arena duc to the fact that it is onc of the {irst sensors that has combined the collection of high resolution
acoustic imagery with quality bathymetry where these two data sets are registered. In the above rescarch performed with GLORIA
imagery, the bathymetry was not an integral part of the survey, therefore this link between the imagery and the bathymetry did
not exist. Also, the TAMU? sensor promiscs higher resolution than the GLORIA scnsor.,

NOARL has proposals pending to develop techniques and algorithms necessary to create anew mapping, charting and geodesy
acoustic imagery product out of the TAMU?-like imagery/bathymetry. This information would provide the submarine or ship
captain witha confidence check on the existing contour charts as well as three-dimensional perspective vicws of theregion. Hence,
because a 3-D perspective can be generated, the ocean bottom can be interpreted more quickly than simply by using a bathymetric
contour chart.

NOARL is also focusing attention on the three-dimensional characterization of the sub-bottom with related technology.
6. SUMMARY/CONCLUSIONS

Acoustic Imagery from the GLORIA sensor was investigated in this paper. Various digital image analysis techniques as well
asdigital image enhancements were applied to a GLORIA acoustic imagery data sct. Finally, future NOARL rescarch was outlined
with respect 1o acoustic imagery and the TAMU? sensor.

It was shown in Figure 2 that the histogram equalization technique is very effective on acoustic imagery where the original
distribution of intensity values are somewhat Gaussian. Also, it was concluded from the mesh analysis that three dimensional
perspectives will be very effective given the appropriate bathymetry (as with TAMU?). Problems with the USGS digital
mosaicking were obvious as well as some registration difficulties. Also, twolinear (seemingly processing) antifacts were identificd
in Figure 2 running parallel to the ship’s track. The various sized difference filters scem to enhance the bottom texture. These are
all arcas that NOARL will continue to rescarch within the coming year.

[nally, no correlation between bathymetry and the acoustic imagery intensity profile, shown in Figure 3, can currently be
verificd due to the severe mismatches in resolution of the acoustic imagery and the existing National Occean Service bathymetry.
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