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TLLUSTRATIONS
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Figure 1

Survey areas in the Santa Barbara Channel region are
enclosed in the numbered boxes in dotted outlines.
The larger boxes 6A,B,C are the areas covered in the
track compilation sheets. Areas B6A and 6B are

given here as Plates 1 and 2. The box labelled

SRA s the location selected for a future survey.

Figure 2
Side-scan saonar resclution vs. range; adapted from
Sutton {1979) and Hajic (1980).

Figure 3

Geometry of side-scan sonar insonification and
factors which affect image quality. Adapted from
Ingham (1975).

»

Figure 4
Lineations in Anacapa Passage which were mapped by
digitizing and computer plotting each target.
Figure 5
Chart of survey tracks in the Anacapa Passage
(Area 1 in Figure 1).
Figure 6

Photograph of a portion of the side-scan data taken
over truncated dipping beds in Anacapa Passage
("B" in Fiqure 5}.

Figure 7
Fltow chart of image processing procedures used on
sonar data from Anacapa Passage.

Figure 8

Elemental positioning grid used to produce geometiric
rectification of side-scan sonar images.

Figure §

A pair of digital stereo images of truncated beds
in Anacapa Passage (vic. 34°N, 119°27'M).



Figure 10

Inverse filter transfer function used to test
image "restoration.™

Figure 11 ...

Output image of inverse filter test. Vicinity
34.3°N, 119°29'W 4in Anacapa Passage {near "A" in
Figure 5).

Figure 12

System modulation transfer function determined
from the outgoing versus returned sonar signal.

Figure 13 .
Photograph of 3.5 kHz seismic profile across
folds in the Anacapa Passage ("C" in Figure 5).
Figure 14 .

Photos of side-scan and 3.5 kHz records taken
approximately parallel to strike in Anacapa
Passage ("A" in Figure 5).

Figure 15a,b

Track charts of sonar surveys in the Santa

Cruz Channel (Area 2A, 2B, Figure 1). CSUN

tracks are 3.5 kHz reflection data from California
State University, Northridge.

Figure 16
Track chart of sonar surveys over the Naples shelf
and slope (Area 3, Figure 1).

Figure 17

Line drawing interpretations of 3.5 kHz seismic
profiles over slides on the.continental slope off
Naples, California (locations shown on Plate 9).

Figure 18

Line drawing interpretations of 3.5 kHz seismic
reflection profiles taken over the Red Mountain
fault {north branch) south of Santa Barbara
(locations shown on Pla*e 10).
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Figure 19

Photos of 3.5 kHz reflection records taken over
the Gak Ridge fault and the buried channel of the

Santa Clara River, off Ventura {locations shown
on Plate 11).

Figure 20

Chart of survey tracks on the mainland shelf near
Cojo Bay, California.

Figure 21

Line drawing interpretations of 3.5 kHz seismic
reflection profiles taken across the south branch
Santa Ynez fault, south of Sacate, California.

Figure A.1.1

Flow chart of the real-time processing scheme for
LORAN-C digital navigation.

Figure A 1.2 . . . . . . . .~.

Fiow chart of the laboratory processing scheme for
LORAN-C digital navigation.
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Plates

Plates 1 and ?

UCSB geophysical survey fracks in the region of
the Santa Barbara Channel. All cruises were
made on the R/V Ellen B. Scripps.

Plate 3

Photographs showing a comparison of a shipboard
paper copy side-scan sonar record {(lower) with
the digitaily processed version of the same data
(upper).

Plate 4

Digital sonar mosaics of a 12 km2 area of the
Anacapa Passage: 4A-geometrically rectified and
contrast stretched digital mosaic; 4B-line
drawing interpretation of 4A; 4C-low pass and
high pass filtered version of 4A; 4D-density
sliced version of 4C; 4E-standard deviation
filter of 4C.

Plate 5
Structure map of the Anacapa Passage.

Plate 6

First attempt of constructing a digital mosaic
for Anacapa Passage (line interpretation of
digital mosaic).

Plate 7

Line interpretation of the second version of a
digital mosaic for Anacapa Passage.

Plate 8
Structure map for Santa Cruz Channel.

Plate 9
Structure map of the Naples shelf and slope.

Plate 10
Structure map for the shelf south of Santa Barbara.

Plate 11

Structure map for the shelf south of Carpinteria
and Ventura.

Plate 12
Structure map for the shelf at Cojo Bay.



I. INTRODUCTION

This report is the final documentation of our Sea Grant
R/E-18 which was active from September 1, 1977 to March 31, 1981.

Qur goals in this project ran along two parallel but over-
lapping tracks. One was to map the exposed seabed geology in
selected areas of the Santa Barbara Channel using sonar tech-
niques, another'was to develop and experiment with computerized
image enhancement of side-scan sonar data obtained from our
survey areas. Qur survey objective was to produce geologic maps
of the seabed and to identify geologic hazards such as active
faults. Our image processing objective was to use computer
techniques to enhance sonar images, to identify features, and to
map them in a sonar digital mosaic.

We worked in six survey areas on five cruises during the
three years of the project (Figure 1). Sea work was done on the
R/V Ellen B. Scripps of the Scripps Institution of Oceanography,
in conjunction with seismic monitoring experiments of W. Prothero
(UCSB). Our most successful work was done in Anacapa Passage
(Area 1) and the Santa Cruz Channel (Area 2A, 2B). We purchased
an tdo-Western 606A side-scan system under the grant auspices.
Other equipment used ingluded an ORE 3.5 kHz subbottom profiler,
a Racal 4-channel FM tape recorder, and a micrologic LORAN-C
receiver,

The digital image processing procedures used the VICAR
program package developed by the California Institute of Tech-
nology Jet Propulsion Laboratory. This software system was
originally used for the processing of spacecraft and medical
imagery. It was fully implemented here at UCSB largely under
the auspices of this project.

I.1 Objeetives of seabed mapping

Qur purpose in conducting marine surveys was to produce
‘detailed geologic maps of the seabed surface in a few selected
areas of the mainland shelf and northern Channel Islands platform.
We hoped to explore the utility of side-scan sonar surveying in
this region, where, at project initiation, very little if any
side-scan work had been done. Thus, in a large sense our objec-
tives were to explore and map. During the last ten years or so
high resolution-shallow penetration seismic surveys have been
made of several areas on the channel shelf (Mesad, 1978; Ashley
et al., 1977; Hoyt, 1976; Greene et al., 1978; Arleth, 1977).

To our knowledge, only the Mesa? (1978) study in Cojo Bay
utilized side-scan sonar to any degree.

Our main criteria in selecting survey areas were those
areas where active tectonic elements {faults, folds) were
known or suspected to occur, and/or those areas where little or
no high resolution seabed maps were available.



The passages between Santa Rosa, Santa Cruz, and Anacapa
Islands were selected for surveying in order to map the traces
of major through-going faults. The area of the Santa Barbara-
Ventura shelf was mapped to trace major fault 2ones such as
the Red Mountain and 0ak Ridge thrusts and also to search for
areas of seafloor disruption caused by the August 13, 1978
Santa Barbara earthquake. The survey area south of the Naples
shelf (3 in Figure 1) was chosen to study a complex set of sub-
marine slides on the continental slope. The survey area
southeast of Point Conception, in Cojo Bay (5 in Figure 1)
was studied to search for seafloor features associated with
the south branch of the Santa Ynez fault. In addition, the
Cojo Bay region is offshore the proposed western LNG {(liquified
natural gas) storage facility. Therefore our data from here
might be useful for informed decisions regarding the seismic
safety of the site. '

Survey track coverage is shown on Plates 1 and 2 and in
Figures 5, 15, 16 and 20 below. Besides the Sea Grant cruises
(denoted by SSS prefix) the Marine Science Institute and the
Scripps Institution of QOceanography supported cruises MSI-76-]
and MSI-77-1 which also obtained data for this report.

1.2 1Image processing of side-scan sonar data: (Objective

Underwater imaging is one of the more difficult areas of
remote sensing. Water is a medium which is quite unyielding to
a wide array of sensors. It is highly opaque to electromagnetic
and optical devices, and extremely noisy and turbulent for
acoustic sensors. For the latter, the range over which acoustic
sensing may be carried out is, at present, relatively limited
{see Figure 2 adapted from Sutton, 1979, in which image resolu-
tion and range are plotted).

The distinction between conventional sonar and acoustic
imaging systems is a difficult one to make. The difference
comes from their intended purpose: the goal of -a conventional
sonar system is to indicate WHERE something is located, while
the goal of underwater acoustic imaging is to indicate WHAT it
looks like. Medium-range side-scan sonar for most practical
purposes is limited to strips some 400 meters wide to the side
of the sensor. "Various factors limit the resolutions of both
medium- and long-range sonars to about 1/1,000th of the range”
(Belderson et al., 1972). Synthetic¢ aperture sonar may be
considered to include the holographic acoustic images at the low
end of the range scale. Lee (1979) has estimated an azimuth
resolution of .5 m for a 100 m to 1,000 m range synthetic aperture
sonar using a state of the art processor.

Side-scan sonar equipment (the under-sea analogy of side-
scan radar) has been used since 1958 (Ingham, 1975) to map seabed
features. It represents atuseful addition to seafloor profiling
with vertical sounderswhich employ lower frequency acoustic waves
to construct bathymetric profiles and detect subbottom structures.



Conventional side-scan sonar uses a narrow antenna beam
(in the plan view) and a wide beam (in the vertical plane) pro-
Jected at right angles to the track ship or towed "fish.” The
mapping coverage thus extends from the seabed almost directly
beneath a transducer out to the obligue range of the beam (a
typical maximum is 400 m}. Successive transmissions (e.g.,
about once every 1/2 second) provide the source for each image
line and build up & two-sided view of the adjacent seabed
(Figure 3). Completeness and fidelity of coverage depends on
ship speed, beam widths, pulse repetition rate, sea state and
the effects of yaw, pitch and roll. Whatever the circumstances
the record will, however, appear quite normal and give no
indication of drift or yaw producing gaps or overlaps in the
swept path (Ingham, 1975). For optimum resolution the transducer
should be about 1/10 to 1/7 of the full range scale above the
seabed. This is achieved in variable depth waters by using a
towed "fish" to carry the transducer and signal preamplifiers.

Side-scan sonar image mapping allows a moderate-width
swath of seafloor textural information to be obtained in a short
period of time through recording both the specular and scattered
companents of the return signal. Objects in the sonar path, on
the order of twenty or thirty centimeters or larger, produce
mostly specular (mirror-like} reflections. Thus fault scarps,
cracks, outcrops, sandwaves, dunes, and ripples can be recognized.
Since scattering of the sonar acoustic signal also takes place,
and is proportional to grain size, this potentially allows
recognition of differing sediment textures as well (Page and
Dyer, 1979) if there is an adequate dynamic range to the signal.
If the spatial resolution is appropriate, micro-, as well as
meso-scale spatial patterns associated with different grain
sizes and deposition environments should, by analogy with
radar experience, be detectable (see Figure 3).

The image processing objectives of this study were to
digitally enhance the sonar images for improved geologic inter-
pretation by:

1. Employing digital procedures to overcome the
problems of dealing with paper analog output: low
dynamic range, variable cross, and along-track
scale, slant-range rather than equivalent ground-
range display, inadequate motion compensation,
unsuitability for mosaicking, and cross-track
variation in sonar-reflection values.

2. Employing methods of enhancement common in remote-
sensing analyses (image sharpening, texture -
emphasis for enhancement of weak features, over-
lapping of different-look-angle multi-images to
obtain color combination, linear feature detection,
and so on) to mak® the sonar imagery more inter-
pretable for geologic mapping.



3. Assessing the utility of these techniques for
sonar imagery and 1in producing sonar mosaics.

4. Testing the value of sonar stereoscopy in areas
of gently sloping submarine topography for
improving geologic interpretation.

-We had one further objective in addition to the above: to
arrange our analyses so that the easier-to-implement techniques
were tested earlier. The purpose was to ensure that we did not
engage in the more expensive procedures until we were sure of
results on the key items: (1) first-order approximate image
rectification, and (2) value of image enhancement for detecting
substrate differences, enhancing texture differences, weak-
feature enhancement, subtle-linear enhancement, etc. These
preceded the work on image mosaicking and stereoscopy.

By combining the image processing and geologic interpretation
we also proposed to identify a broadly applicable technology and
assess the feasibility of developing a transportable technology
for improved continental shelf side-scan sonar surveys. This
technology and methodology if technically and financially
reasonable, would be for potential use in sensitive areas where
major geologic hazards exist, submarine exploration and drilling
are planned, or where submarine installations are proposed.

Most side-scan sonar research has been severely constrained
by the typical output format of paper-tape images. We proposed
using.a variety of digital processing techniques to make the
sonar imagery more valuable for geologic mapping. Sanders et
al. (1969) noted that the normal paper-tape display requires
considerable experience with its use and much time for inter-
pretation. These factors have detracted from the widespread
use of sonar records. The interpretation problems arise from
the following:

1. Small dynamic range-frequently almost binary and
never better than four gray levels compared to 16
gray levels with film recording. Subtleties of
bottom-sediment character are thereby lost.

2. Slant-range display giving variable across-track
scale with pronounced near-range image distortion.

3. Differential along and across-track scales.
4. Time-varying along and cross-track scales.

5. Varijations in towing-instrument-look angles and
directions, producing gaps and redundant scan
coverage.

'_1
6. Recording system line-dropping.



7. Cross-track nonuniformity in sonar reflections
from uniform materials.

8. Discontinuities of the sonar image produced by swell-
induced fish path convolution.

Mudie et al. (1970) produced deep-tow side-scan mosaics using
variable speed .play back of FM recorded data. Berkson and Clay
(1973) optically rectified their sonar records. More recently
the digital processing of ajrcraft and spacecraft imagery logically
suggested that the same procedures be employed on sonar imagery.

Paluzzi (1976) and Paluzzi et al. (1976) noted that "digital
processing of side-looking sonar records is rare; however, Mudie
et al. (1970) has (sic) suggested this approach." Paluzzi's own
work included the mix of multichannel analog recording of the
sonar signals, analog to digital data conversion and the use of
the VICAR (video image communication and retrieval) image-process-
ing system at JPL. From that suite of software, he applied geo-
metric corrections, improved contrast ratios, corrected for
range-gain changes, and filtered out noise and side-lobe effects
(PaTluzzi, 1976; Paluzzi et al., 1976). He noted that "a shift
in processing emphasis from image correction to information
extraction will allow analysts and scientists to pursue large
area survey, pattern analysis, grain size and texture measurement
from imagery, and automated deposit mapping" (Paluzzi, 1976). In
our study, we proposed to engage in this shift from image correc-
tion to information extraction.

Clerici (1977) provided an extensive summary of the infelici-
ties in the data coliection process forced by the very geometry
of ship/fish dynamics. Recently Clerici {1978) introduced and
demonstrated a method of evaluating the effectiveness of digital
feature enhancement. - His thesis was that correlatton of indepen-
dent views of the same imaged area would provide an alternate
source of “sea floor truth," which is difficult to obtain, to
serve as a reference for such tests. His comparison of correla-
tion values for a selected set of enhancements provides a stimulus
tfor further analyses.

Currently,Dr. C. Lowenstein of Scripps Institution of
Oceanography {SIO0}) has developed a program to digitally process
side-scan sonar data from the SIQO-MPL deep tow system. His goal
is real time display enhancement and backscatter characterization
(feature recognition). This Navy-funded project uses an onboard
computer, and extends the work reported on earlier by Spiess et
al. {1975). EG&G Corporation (Edgerton, Germeshausen and Grier)
Clifford {1979} recently introduced equipment with real time
digital processing, a dynamic range of <64 db, a & kHz sample
rate and the display of geometrically rectified and enhanced sonar
imagery. An expansive statement in their publicity notes that,
"since the data are spatidlly correct, the location of only one
data point {natural feature cr man-made) need be known to
position the entire mosaic relative to latitude and longitude."



_6-

Walker (1978) developed an alternate ground-speed corrected
side-scan sonar display system, employing a computer controlled
fibre optic face-plate system which transfers the signal appear-
ing on a CRT screen on to ultraviolet {or photo chemical) sensqi-
tive paper, thus allowing the production of direct records without
any other intervening optical or computer system. This process
of direct recording requires precise navigation data, and because
it is direct recording, it remains an analog signal, and digital
processing is infeasible. It is thus not ac preferable an
approach as that employed by EG3G, though the latter also
precludes further post-hoc digital processing.

Recent equipment developments are precision analog records
for phased array, synthetic-aperture imaging, and a dual towed
fish configuration for sonar stereoscopy (NTIS, 1977).

Digital image mosaicking employing precise radio navigation
has also been reported as a technique by Prior et al., (1979)
who evidently were unaware of Paluzzi's (1976) and our

(Luyendyk et a?l., 1978, Hajic, 1980) earijer work and the

work in progress. They concluded that "scale-corrected digitai
side-scan sonar . . . . shows promise of allowing significant
advances in assessing the spatial distribution of subaqueous
failures and their internal characteristics. The abiTity to
observe subtle bottom topography and texture in true dimensions
will contribute as much to the field of marine geology as aerial
photography did to subaerial topographic mapping."

An important analysis of problems in stereoscopic side-scan

sonar has been carried out by Denbigh (1978), who observed that
"two side-scan displays taken from different tracks are likely
to show a disappointing degree of correlation (in geometry and)
particularly in fine structure, and this will greatly impede
the visual fusion of the images during stereoscopic viewing."
He develops an important procedure, of use in near-range imaging,
in which a single-towed body is employed and "stereoscopic images
are generated artificially by combining a depth measurement signal
electronically with the conventional side-scan signats."

In a recent study, Pace and Dyer (1979), drawing on image
processing procedures for texture quantification of side-scan
sonar data, also explored the potential of various texture
algorithms for clarification and distinction of sedimentary sea-
bottom features.

IT. SONAR SURVEYS AND DATA ACQUISITION
II.1 Survey eguipment
The major survey equipment items used were a side-scan

sonar, a high resolution subbottom profiler, and a LORAN-C
navigation receiver. ¢



The side-scan transceiver is an Edo-Western model 606A which
operates at 100 kHz and 1.5 kw with a pulse length of 100 micro-
seconds. Normally we surveyed using maximum range settings of
400 meters (0.53 sec rep rate) but sometimes we used 200 meters
range (0.27 sec rep rate). MWe had the transceiver modified so
that the analog signal output to the dry paper was available
at output jacks. The left channel, right channel and synch
pulse were recorded on separate tracks of a 4-channel Racal FM
tape recorder. This was the data source for our image processing
procedures. The side-scan tow body is an Edo model 603. The
transducers were made specially to operate to depths of 2000
meters, although during our work the tow fish never reached
below 50 meters. The system was controlled via a hand winch
equipped with slip rings. The tow body also housed an Edo
pressure-depth sensor during our later surveys.

The profiling system used is an ORE model 136 reflection
system. This was driven at 3.5 kHz by an ORE model 140 10 kw
transceiver. The data were recorded on a Hydroproducts Gifft
4000T dry paper 19 inch recorder.

Fortunately for us, the LORAN-C navigation network became
active at the beginning of our project. We used a Micrologic
ML-1C00 receiver. This unit was modified and interfaced to a
North Star Horizon II microcomputer and a Houston omnigraphic flat-
bed plotter to provide a digital navigation log and to produce
ship's tracks in real time on later cruises.

II.2 Survey methods and list of cruises

A survey operation typically involved towing both the side-
scan and a 3.5 kHz fish at 5 knots on a grid pattern with 200
to 200 meter spacing. The 3.5 kHz fish was towed at a depth of
8 meters just off the stern and the 603 side-scan fish was towed
about 25 to 35 meters off the seafloor where possible. The LORAN
antenna was attached to the stack of the E. B. Scripps. LORAN
fixes were recorded every 15 minutes on our first trip, then at
5 minute intervals on later ones. This time interval proved too
large for sonar mosaicking and on our last trip we took navigation
fixes every 21 secaonds. This was accomplished by using the North
Star Horizon II microcomputer and writing each fix to disc auto-
matically. Radar fixes were taken simulitaneously during the
surveys at 15 to 30 minute intervals. Positioning of the ship's
track by radar served to calibrate the LORAN fixes in given areas
to allow for local refraction effects. During the surveys the
side-scan data was analog recorded on magnetic tape. We had
problems with the signal-to-noise ratio on the recordings for
our earlier surveys but our last recordings were made on the
Racal 4-channel unit, and these data are excellent.

Data summarizing cruige activities since 1976 are given in
Table 1. Side-scan data were successfully tape recorded only
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on 5$55-79-1. Consequently this is the data base used for the
image processing described in this report.

ITI. DATA PROCESSING

ITI.1T Navigation

Ship and.fish positions are a critical data base for our
project. We have attempted to mosaic side-scan data from
Anacapa Passage (below) using automated registration of digital
images. Because the spatial dimensions of recognizable features
can be as small as one meter, this is also the required precision
of the navigation data base. Using LORAN-C we obtained a preci-
sion of about 100 meters. Clearly this navigation method lacks
the required precision; however, LORAN-C proved excellent for
detailing maneuvers of the ship as a fix is calculated every 23
seconds. In the mosaicking process we used the LORAN navigation
base to locate the sonar tracks relative to one another, then
by hand selected matching features on adjacent sonagrams and
assigned them common ground points (discussed later).

The navigation data bases were processed via two different
schemes. For cruises $55-79-1 and S$55-80-1 fixes were digitally
acquired and logged every 23 seconds. These raw fixes were then
edited and smoothed to produce a one minute interval navigation
series (Appendix 1). LORAN-C fixes were recorded by hand on
$8§-77-1, 78-1 and 78-2. Fix interval was 15 minutes on 77-1
and 5 minutes on the others. The hand-recorded data was processed
and checked in a time-consuming method of plotting, editing, re-
plotting {Appendix 2). The hand-recorded data were fraught with
many transcription errors and omissions which required laborious
attention after the fact.

In all our survey areas we found that the LORAN-C navigation
net was systematically offset from the map grid. We statistically
determined the offset in each area and corrected the LORAN-C
navigation base to the map grid. The offset was determined by
acquiring radar fixes at 15 or 30 minute intervals and at times
synchronous with the LORAN fixes. The offset is defined as the
Radar latitude or longitude, minus the LORAN latitude or longitude;
therefore a positive offset indicates the LORAN latitude is too
far south or the LORAN longitude is too far west. Table 2 shows
that LORAN Tatitudes are about 0.3' too far south in the northern
and eastern regions of the channel and about 0.5' to 0.7' too
far south in the Santa Cruz and Santa Rosa region. LORAN
longitudes are offset slightly east in the eastern end of the
channel and offset about 0.3' west in the western channel.

I11.2 Interpretation of 3.5 kHz records

A1l reflection records were analyzed by visual inspection
for key features. Geolog#c features which were found and mapped

include folds, faults, buried and to the seafloor, active and
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Table 2

Offset of LORAN-C positions with respect to latitude and longitude grid

Area . Cruise Lat. Offset* Long. Offset*
Anacapa §88-77-1 0.37' + 0.21 0.12' + 0.62
$55-78-1 0.32' + 0.26 0.07' + 0.15
$85-79-1 0.37' = 0.24 -0.09"' £ 0.43
Santa Cruz $S5-78-1 0.55' + 0.18 0.18" + 0.16
Naples 585-78-1 0.35' = 0.14 0.32' + 0.18
Ventura - §85-78-1 0.45" + 0.13 -0.06" + 0.7
Santa Barbara §85-77-1 0.35' £ 0.29 -0.17" + 0.48
§55-79-1 0.35' + 0.12 -0.14" + 0.14
S$5-80-1 0.29' + 0.02 0.02' + 0.15
Cojo Bay S$§S-77-1 0.34' + 0.15 -0.26' + 0.19
$85-78-2 0.37' + 0.09 0.31' + 0.16
Santa Rosa SS§-78-2 0.74' = 1.17 €.09' = 1.52

*Add these values to uncorrected LORAN fixes to obtain map positions;
+ value is one standard deviation.
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abandoned channels, erosion surfaces, terraces on the shelf,
outcrops of acoustic basement, and areas where 1ittle or no
Holocene sediment has accumulated. Side-scan data was used to
link two-dimensional features seen on adjacent tracks.The highest
quality reflection data was obtained from the Anacapa survey area
and the Santa Barbara-Ventura shelf.

II1.3 Interpretation of side-scan records

Side-scan records were visually interpreted in terms of
textures and lineations. Faults, truncated folds, trends of bedding,
outcrops, and areas of sediment movement and scour were easily
recognized in most cases. The best side-scan records were obtained
from Anacapa Passage and Santa Cruz Passage.

A1l of our digital image processing efforts on side-scan
data were concentrated on two data sets from Anacapa Passage.
This work is described shortly. In addition, we experimented
with processing side-scan features by using a digitizing table.
The data base for this work were SSS-77-1 records from Anacapa
Passage. Because the dry paper side-scan records are electrically
conductive, they could not be digitized directly on the table.
Instead, we first traced features in 15 minute blocks onto draft-
ing paper. Faults, bedding, and outcrops were discriminated.
The digitizer wrote these data plus the fish (side-scan) height

' a disc file on the campus computer. This file was then
merged with the matching navigation file to produce a slant
range and ship speed-corrected map of bottom features (Figure 4).

IV. IMAGE PROCESSING
IV.1 Summary and overview

The image processing procedures have undergone a long
evolution of testing to determine the optimum processing flow.
Major problems were encountered handling the sheer volume of the
sonar data. In our latest efforts the analog data were digitized
at 1.62 kHz and 13 bits in our computer tab (Figure 7). These
data were then condensed by a two-sample average and converted to
8 bits. The digitized data were divided into sub-images which
were about one-half hour Tong. Each sub-image contained 3C00-
4000 scans per side (port and starboard), and 226 samples in
range per side after another two sample average. £ELach sample or
pixeil represents 1.77 metersin range and was assigned a gray
level value from zero to 255 (8 bits) where zero is black. The
sub-images were then geometrically rectified to convert time and
range data to ground coordinates. This requires the input of sonar
depth and navigation series to construct geometric control grids
for the sub-images. After rectification the sub-images were filtered
and/or contrast stretched. This operation enhances the contrast in the
sub-image. Also, the imaggs were processed to reduce noise and to
enhance edges. Beyond this step two basic directions were taken.
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One approach was to perform automatic and manual feature correla-
tion between separate sub-images and then to overlap these data
into a new mosaicked data set. The mosaicked data set was then
Qutput onto a negative via a film writer. Another approach was
to experiment with sub-image restoration via inverse and Wiener
filters. Additionally we attempted to produce a stereo image
from enhanced sub-image pairs. This was not successful because
navigation control was not precise enough to permit accurate
stereo registration, and also the signal quality of the over-
lapping-pairs was too poor. From our experimentation with

image processing we learned that two relatively straightforward
steps produce dramatic image improvement. These are geometric
correction (rectification) for slant range, ship's speed and
course change, and contrast stretching. The process and results
of these procedures are described below.

All digital image processing was accomplished on data sets
from the Anacapa Passage. We visited this region on three cruises
(Table 1 and Figure 3). On the first two trips we attempted to
record the sonar data on an FM-FM analog recorder. This proved
unsuccessful on both trips and yielded a signai-to-noise ratio
(S/N) of one, or less. On $55-79-1 we obtained high quality FM
recordings with our Racal ynit. Anacapa Passage proved an ideal
test area for our sonar image processing because of the dramatic
seafloor features present there. In the Passage are an east-west
trending anticline and syncline which are truncated at the sea-
floor, exposing a linear pattern of resistant ridges (Figure 6).
The side-scan data set largely consists of one feature type,
Tineations or ridges, cut at high angles by left-offset faults.
These features offer a good opportunity for feature recognition
on adjacent tracks.

Our image processing goals were to increase sonar image
quality beyond that present on the origiral paper records and to
produce a digital mosaic of separate sonar images. All of the
processing reported here was done on the $55-79-1 data set from
Anacapa Passage (Figure 5). The sonar data was separated into
nine individual east-west tracks each including about one-half
hour of data. For each track separate images were initially
defined for north-looking and south-looking sides. Thus a total
of 18 separate images for the area (each including about one-
half hour of sonar data) were input for the image enhancements
and mosaicking.

Data volume 3s an important concern in the image processing
flow. Since data volume singificantly influences the feasibility
of all the desired image processing, a major initial decision was
to define a reasonable digital pixel spatial size. Considering the
A/D sampling rate of 1.62 kHz and the system noise, a data volume
reduction by a facter of four was considered reasonable. This

¥



13-

was effected by a 2 pixel average done twice in the cross track
direction; once before extraction of the synch pulse and once
after image formatting (Figure 7). This reduced the 3 172 Mega
byte data sets of each of the 400 meter range north- or south-
looking survey tracks to about .9 M byte. Reduction of the total
data volume from the initially digitized 70 M bytes to some

17 1/2 m bytes now placed processing times and costs and data
storage requirements in a more reasonable range.* A typical
primary image was then 3000 to 4000 lines by 226 samples per side.
The pixel size was 1.77 m for the 400 m range tracks and .44 m for
the 200 m range tracks. The 200 m range tracks were also averaged
over 2 lines besides the 4 sample averaging.

IV.2 A/D conversion: Overview

The port, starboard, and synch pulse signals from the 606A
side-scan were recorded on three separate channels of a Racal
FM tape recorder. Digitization of the FM records consisted of
performing A/D (analog to digital) conversion on small overlapping
segments from each track of data. Each of these segments was trans-
ferred to the Computer Systems Lab PDP 11/45 to be reconstructed.
The first step of reconstruction consisted of separating the port,
starboard and synch channels (see image processing flow diagram,
Figure 7). The second step was to manually locate the synch
pulse in the synch channel using an interactive graphics system.
The third step created an image file for each segment. The fourth
step mosaicked a1l of the small images into one Targe image (i.e.,
the entire half hour track of data). ~Each track {port and star-
board) was checked to make sure it was processed correctly. If
it was, each track was written onto tape for further processing
on the ITEL AS/6 campus computer. The details of the A/D process
are more fully described in Appendix 3.

IV.3 Geometric rectification E

Geometric rectification is the conversion of sonar data as
a function of time down range and time along track, to data as a
function of latitude and longitude (X, Y). A “two-pass” geometric
rectification procedure was used - the first pass corrected for
slant range and ship-fish longitude variations: the second
corrected the track for the latitude variation. Sonar fish height
was determined at 1 min interval sample points from the original
sonar image data. Selected image “"flips" (rotations) were neces-
sary to render data sequences compatible with fish towing direc-
tion or image geometry (Figure 7). The geometric corrections were
initially based on navigation data interpolated to 1 minute inter-
vals. A 350 control point grid (see Figure 8 for a 1 min
elemental portion) was used on the first rectification pass for
each side {port and starboard) of each ship track. Each control

*For comparison, a typical ¥ channel Landsat image of a 185 by 185
km scene is about 28 M bytes. This is a rather formidable image
processing data volume even in contemporary practice.
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point in the grid specified the 1ine and sampie positions of the
input and output {rectified) pixels. A 120 point grid was used in
the second rectification. This second correction, based on the 1
minute interval navigation data input produced "first-cut" sonar
tracks for computer and manual mosaicking and evaluation. The 18
separate track images and 2 computer mosaicked images were then
written on the film writer. Entargements from the film trans-
parencies were-used for common feature identification. This
allowed refined inputs for subsequent geometric corrections

and mosaicking.

An initial goal was to produce separate north-looking and
south-Tooking mosaics so thateach scnar mosaic would have a common
t1lumination direction. This was abandoned when preliminary
mosaicking revealed that the actual ship tracks had not provided
the desired overtaps. The revised goal was one mosaic comprised
of both the north- and south-looking sonar images. The tradeoff
considered that image interpretation would be helped more by
"full scene coverage" than hindered by the alternating illumination/
shadow directions.

The necessity of an fterative manual-computer mosaicking
sequence, while anticipated, became even more obvious after viewing
the first mosaic. “Common features, identified an separate tracks,
were generally misregistered by distances stgnificantly greater
than those forced by the irregular corrections of the 1 min
navigation data. This misregistration was undoubtedly due mainly
to imprecise navigation data. Thus the navigation data was
further smoothed by fitting a second or third degree polynomial
to the navigation points and the two geometric rectification
passes were repeated. We further accommodated the navigation
errors by visually inspecting adjacent overiapping sonar tracks
for common features. Once these features were identified in
comman, a new third set of rectification grids was specified and
a new mosaic produced. For this second mosaic 25 control points
of common features defined revised 120 point grids for each track.
For this second computer-generated mosaic, common feature displace-
ment errors still exceeded 150 meters rms (85 pixels or more).

The third and final corrected mosaic was effected by further
speed and latitude corrections to tracks 10 and 12 and revised
mosaic track positions for tracks 14, 10, 12 and 8 using track 9
as a reference,

IV.4 Image enhancements

Two major types of enhancements were evaluated. These were
(1) a variety of contrast stretches, and (2) combinations of low
and high pass filtering. Conventionally, contrast enhancement is
the final process after both geometric corrections and image
filtering. For comparison purposes, however, one set of tracks was
contrast stretched immediately after the geometric rectification
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and then mosaicked {(Plates 3 and 4A). Though the extremes of the
gain changes are highly evident, these images provide for useful
geologic interpretations when used in conjunction with a more
processed set. The dramatic improvement in sonar image quality
by geometric rectification and contrast stretching is displayed
on Plate 3. Here the lower panel is a photo of the original dry
paper sonar record taken on a west-to-east track in the Anacapa
Passage. The upper panel! is the sonar image produced from the FM
tape of the same data. This image has undergone a minimum of
processing: A/D conversion, 2-sample cross and along track averag-
ing, geometric rectification, and contrast stretch (Figure 7).
The processed image reveals exposed beds of a truncated fold and
sediment patterns, which are all but invisibie on the originail
records.

Another image processing experiment used low and high pass
filtering in sequence followed by contrast stretch (Plate 4B).
The low pass filtering was primarilty to improve the S/N ratio.
Several filter sizes were evaluated using NLW {number of lines
width) equal to 3 or 5 and NSW (number of samples width) equal
to 3 or 5. Both averaging (i.e., mean DN* value) and median
Tow pass DN filters were evaluated. The selected median low pass
filter has recently found use because of its preservation of sharp.
edges; hence it is often used to smooth images before applying an
edge cperator (see, e.g., Narendra, 1981). Because of its nonlinear
nature, however, median filtersg "defy characterization in the spa-
tial frequency domain."

High pass filtering was used primarily to remove the obvious
range-gain "banding." This banding is displayed as a white reflec-
tive area immediately adjacent to the sonar fish or track center
lTine (Plate 3). Ideally, range gain changes would be compensated
for before latitude geometric corrections (when range is simply
related to image sample position). However, the prdgmatics of images
with differing {north and south) range-gain functions which were
also occasionally changed during the mapping precluded such a
simple solution.

An alternate, and approximately equivalent, solution was
sought by implementing a high frequency signal gain correction
algorithm Togarithmically related to the amplitude of the local
image low frequencies (i.e., the range gain trend). Some 25
different functions evaluated failed to produce satisfactory
results throughout all range portions of the image.

The preferred method of eliminating the range gain banding
used a high pass filter of NLW equal to 121 lines and NSW equat
to 1 sampie. Other combinations evaluated used NLW values of 15,
31 and 61 iines and NSW values of 1, 3, 5, 15, 31 and 61 samples.
A Tow value of NLW effects range gain compensation even during
relTatively targe ship courfe changes (i.e., when constant track

*DN = data number; the value between 0 and 255 assigned to a pixel
to represent its grey value, from 0 (black) to 255 (white).
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range occurs at rapidiy changing image sample values). However,
it severely suppresses all linear features approximately paraliel
to a constant sample position. This suppression would eventually
include the cross section of linear features at other orientations
as well. At the other extreme, a filter with a large value of

NLW preserves most linear features at a relatively constant

sample position but produces artifacts arising from rapid course
changes. :

Both mean (linear) and median (nontinear) high pass filters
were evaluated. The significantly higher cost of the median
filter at the required large line width and its overemphasis of
the low pass median filter effect on the image favored the simpie,
mean high pass filter. In our example, the individual tracks were
low pass filtered, mosaicked and only the mosaic high pass filtered.

A comparison of the unfiltered vs. filtered mosaics (Plate
4A vs. 4C) shows that textural information is largely suppressed
in the filtered image. Also, the filtered image shows a bolder
display of lineations. The range-gain band is removed in the
filtered mosaic and some details are easier to discern within it.

The filtered mosaic was contrast stretched before being
additionally processed into a “binary image." The object of pro-
ducing this image was to enhance lineations and further atteruate
textural information and high frequency noise. The binary image
(Plate 4D) was produced by simple density slicing of the low
pass-high pass filtered image at a DN level of 100 (i.e., all DN
values from 0 to 100 were set equal to O-black; al)l other values
above 100 were set equal to 255-white). Two other density slicing
levels (43 and 68} produced inadequate features in the far range
locations of the individual tracks. An alternate method of produc-
ing the binary mosaic would have used a mosaicking program that
summed the individual filtered, density sliced tracks. Two
aspects precluded its use: (1) without precise track registration
significant "noise” is added to the mosaicked product due to
misregistration, and (2) the almost complete overlap of some of
the ship tracks prevented the desired effect of the higher gain,
near range regions of one track reinforcing the Tow gain, far
range regions of another track: i.e., high gain regions overiap
as do low gain regions.

Comparing 4C and 4D shows no appreciable improvement in
Tineation recognition for density slicing on this image.

Another edge enhancement experiment we performed was to
compute a standard deviation image {Plate 4E)} from the filtered
image (4C). This process is sensitive to rapid lateral changes
in contrast. The image is computed by finding the DN standard
deviation in a moving 5 x 5 pixel grid. The values of standard
deviation found are then contrast stretched over the DN range
0-255. The deviation imagd (4E) shows much fine lineation detail.
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[t even enhanced areas of rough bottom near 34°N, 118°29.5'W.
He refrained from producing a standard deviation mosaic from
the unfiltered image (4A) because we expected that mosaic to

contain too much high frequency noise which would lead to addi-
tional spurious or false lineations.

. The side-scan sonar imagery in the Anacapa Passage shows
that the primary bottom features are lineations. In Plate 4B
we show a lineation interpretation of mosaics 4A and 4C which
was constructed by hand. Also shown on 4B is the geologic
structure, which is discussed in section V.1. The lineation
information is best extracted through the standard deviation
mosaic (compare 4B and 4E). The mosaic shown on 4F could be
improved if the survey tracks had been properly accomplished to
provide 50% overlap. Ocean current vorticity in the Passage
during $85-79-1 prevented this. With properly overlapping images
individual tracks could be summed so that high gain range informa-
tion could boost low gain regions. This would eliminate the data
gaps evident in Plate 4E.

IV.5 Stereoscopy and inverse filtering

Significant amounts of intentional overlap occur in several
track pairs. This fact offered the possibility of experimenting
with stereo viewing of the sonar features. The sub-image selected
for a stereo pair used tracks 8 and 9 (Figure 9). The pair was
produced from images with low pass median filtering and an equal DN-
area contrast stretch prior to the film-write transparency. The
large feature in the lower left (SE) of the image pair seemed a
preferred test region because of apparent shadowing differences.
Other image regions (for example, other portions of this stereo
pair} do not suggest the stereo effect. Even this
particular image does not lend itself well tg a stereo view.

The main difficulty is feature misregistration due tc navigation
imprecision. Presumably, if navigation precision could be
improved, stereoscopy would be possible with sonar images made
from the same look direction,as is now done with precisely navi-
gated radar images.

Inverse, or Wiener filtering, seeks to restore an image by
incornvorating a priori information describing the approximate system
signal/noise ratio and a point spread or transfer function. The
latter would presumably include the effects of the turbulent
medium. In the absence of specific information about the point
spread function in a given area, an alternate frequently used
is to define the grey values as a Gaussian shaped spot. A
point spread function image was generated using a one pixel-wide
standard deviation in both the line and sample directions of the
image. Additionally, an S/N ratio of two was used. This was
based on a reasonable average of the signal characteristics over
about the closest 2/3 of the total slant range - at farther ranges
the S/N quickly decreased to a value of one or less.
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The combined effect of this point spread width and the S/N
ratio results in the inverse filter transfer function shown on
Figure 10. Features with frequencies below 0.2 cycles/sample are
approximately unchanged and those above this frequency are signifi-~
cantly attenuated. Using a higher S/N ratio would cause the
transfer function to have a higher peak occurring at relatively
higher frequencies. A 512 line x 512 sample image processed with
the function in Figure 10 is shown in Figure 11. Some improvement
was apparent.

In an earlier experiment we attempted to determine the point
spread function via the transform of the system modulation trans-
fer function which we measured (Figure 12). We computed the
spectral characteristics of a significantly sharp imaged edge
(as recorded on the FM tape and subsequently digitized at a
6 kHz rate). That modulation transfer function was quite broad
with half-power near 1.5 kHz, or between 0.2 and 0.3 cycles/
sample. Undoubtedly, the imaged edge and hence the system modu-
lation transfer function contained the effect of significant
environmental noise. This was one of the reasons for subsequently
reducing the digitizing sampling rate and performing cross track
sample averaging.

Generally, inverse filtering (image restoration) is not a
cost-effective operation for our sonar data considering the uncer-
tainty in describing the actual system point spread function and
the low S/N.

V. RESULTS OF THE MAPPING PROGRAM
V.1 Anacapa Passage

The Anacapa Passage is a flat shelf of the northern
Channel Islands located between the east tip of Santa Cruz
Istand and the west tip of west Anacapa Island (Fiqure 1).
The Passage has a depth of about 20 fathoms or more and covers
25 sq. n. mi. (Figure 5). The Passage has been planed flat during
a marine transgression exposing the Miocene Monterey formation.
This formation also crops out to the west on eastern Santa Cruyz
Island. To the east on Anacapa Island, the Miocene Conejo
volcanics are exposed; this formation is stratigraphically lower
than the Monterey (e.g., Greene et al., 1978).

We mapped the Passage in three surveys on 5S85-77-1, $55-78-1
and $55-79-1. In the Passage we found a large anticline-syncline
pair in the Monterey formation (Plate 5}. These folds have been
truncated at the seafloor (Figures 13 and 14). The exposed resis-
tant ridges of the Monterey provide excellent sonar targets.
Offsetting the fold axes are at least three NE-SW trending left-
offset (s1ip?} faults which are also clearly seen on side-scan
sonar (Figures 6 and 14).¢ A much more complex area of faults
and folds was mapped in the northwest area of the Passage.



-19-

Fast-west trending faults with normal separation bound the Passagqe,
suggesting it represents the top of a horst. The truncated folds are
devoid of any appreciable Holocene (?} sediment cover except north
0of a boundary fault near 34°01'N. On the south edge of the

Passage platform a prominent set of north-side-up faults were
mapped (Plate 4). These faults appear gquite significant in scale
and are possibly the trace of the Dume-Santa Monica fault zone
mapped farther east. Also, these faults probably connect with

the Santa Cruz Island fault to the west although we did not

survey their westward continuation (see also, Junger, 1979).

A 4.5 M earthquake was located at the base of the Passage south
slope in 1973 (see Greene et al., 1978}.

The structure of the Anacapa Passage appears to reflect NE
directed compression which began in the Channel Islands region
in Pliocene time. Lleft-oblique motion on the Santa Cruz-Dume
fault system suggests that the NE-SW faults mapped in the Passage
are left-slip Riedel shears.

In section IV we discussed the image processing of side-
scan data from the Passage. In Plate 6 we have reproduced at
1:24,000 scale the line interpretation shown in Plate 4. Also,
Plate 7 is a Tine interpretation of an earlier sonar mosaic made
from data obtained on SSS5-77-1 and SSS5-78-1. The line interpreta-
tions can be compared directly with the structure map (Plate 5).
South of 34°01'N the east-west trend of the truncated beds is
readily apparent as is the core of the truncated syncline. Both
sonar mosaics show this well, but Plate 6, based on better sonar
data and navigation, is the more accurate. The east-west anci-
cline, plus the complex folds to the NW are very obscure on the
sonar mosaic interpretations. These structures were located
primarily by interpretation of the 3.5 kHz reflection data.

The pattern of the truncated beds for both the anticline and
syncline shows that these structures®plunge to the east.

V.2 Santa Cruz Channel

In the Santa Cruz Channel we combined data from three
surveys to construct & structure map. These surveys included
SS§-77-1 and SSS-78-1 plus CSUN-75 (Figure 15). The last survey
was conducted by DOr. P, J. Fischer of California State University,
Northridge. Side-scan data were obtained on §$5§5-77-1 and 78-1,
and 3.5 kHz reflection data were taken on all three. The channel
is about 20 fathoms deep, 5 n. mi. wide and covers an area of
about 35 sg. n. mi. Miocene volcanic rocks and the Miocene
B]anga formation crop out in places on the channel floor (Junger,
1979).

In the area west-northwest of Frazier Point {west end of
Santa Cruz Island) a Targe northwest-plunging anticline has been
found (Plate 8). This feature, mapped over an area of at least
18 square kilometers, has hot appeared in available previous
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mappings (Junger, 1976, 1979)}. The apparent reason for this
is that it is largely obscure in subbottom profiles. The
inclusion in this study of side-scan sonar imaoing of the sea
bottom has allowed us to map out curvilinear ridges protruding
through the Holocene surficial sediments. These ridges are
the topographic expression of the structure and thus can be
used as a surrogate in its delineation. To the south of the
anticline, a general change in morphology and the lack of
evidence of the anticline are consistent with an extension of
the Santa Cruz Island fault northwest about 15 km into the
channel. Considering that the Santa Cruz Island fault displays
left-offset, it is apparent that the anticline we mapped may
be the missing northwest half of the Christi Anticline located
in southwest Santa Cruz IsTand (Weaver et al., 1969). This
anticline consists of Paleocene, Eocene and Miocene strata which
were folded during latest Eocene to early Miocene time. Its
mapped offset in the channel suggests 10 kilometers of left
s1ip since Lhe folding occurred. On the other hand, we mapped
a submerged sedimentary terrace which crosses the fault near
120° 01'W (Plate 8) which is not noticeably offset. (This
same sedimentary terrace is found again off southeast Santa
Rosa Island).

In contrast to the relatively thick (typically 6 m),
discontinuous Holocene sediments located between the ridges of
the topographically expressed anticline in the northwest
channel, deposits to the socuth of the inferred fault zone are
commonly extensive but thin. In many cases the deposits cannot
be distinguished in the subbottom profiles, yet they clearly
blanket the surface as seen in the side-scan records. A thick-
ness of less than 2 meters is therefore inferred. A few faults
and folds have been discovered beneath the deposits and additional
inferred faults are expressed topographically.

The Santa Rosa Island fault is quite clearly expressed on
the channel floor. It includes at Teast three faults with alter-
nately north and south facing scarps a few meters high. The fault
zone apparently truncates a NW-SE trending submarine canyon which
trends towards Santa Cruz Basin. The Santa Rosa Island fault
clearly trends east to abut against the Santa Cruz Island
fault - a relationship previously noted by Junger (1976). The
geometry of this relationship is puzzling for wrench faults and
was discussed by Junger {1979). Both the Santa Cruz and Santa
Rosa Island faults are interpreted by him to be major left slip
faults. If so, a complex history must be designed to account
for the apparent truncation of one fault by another. Some of this
history may include dip separation not widely recognized.

V.3 Naples shelf and 51029

The Naples study area lies between 119°54'W and 120°05'Y
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(Figure 1) and spans most of the continental slope here. One
cruise (SS$5-78-1} was conducted here to study in more detai]
submarine slides mapped on the slope by Vedder et al (1974) and
taterby Yerkes et al. (1981), among others. The geology of part
of the adjacent shelf has been presented by Ashiey et al. (1977).
Side-scan data was not useful because the fish was only briefly
within insonification range of the seafloor. The 3.5 kHz data
obtained revealed a complex pattern of slides, slumps and slide
scars (Figure 16 and Plate 9).

Chaotic slides are found below the 200 fm contour and
extending well out into the Santa Barbara Basin floor. At least
6 separate slide units can be recognized and mapped between tracks
(Figure 17). Other mass-movements have occurred here without
internal disruption of the sediment package. Two or three of
these slides or slumps have been mapped farther up the slaope
above the chaotic slides {Plate 9 and Figure 17).

The origin sites for the slides appear as a band of
thinned or missing sediment section between the 100 and 200 fm
contour. The area of these origin sites is apparently much less
than the slides. Also, one origin site appears to occur on
top of a slide (Plate 9). This suggests that the mapped origin
sites for mass-wasting are relatively younger than most of the
slides.

Although the assignment of relative ages to the slides is
fairly straightforward, it is a more difficult matter to assign
absolute ages to them. A1l the slides appear covered by signifi-
cant thicknesses of sediment. Some slides have served as tectonic
dams to downslope sediment movement. Because the rate of sedi-
mentation on the slope is highly variable, use of sediment thick-
ness atop slides to estimate gage is questionable. The younger
(upstope) slides appear to be covered with about 5 or 10 meters
of sediment. Soutar and Crill (1977) determined sedimentation
rates in the Santa Barbara Basin of around one meter per 500
years - this 1s a reasonable upper bound for slope sedimentation
rates. Assuming this rate, the youngest slides are around 2500
to 5000 years old, or post-Holocene transgression.

In this vein, apparently we have not mapped any slide
associated with the 1812 Santa Barbara Channel earthquake which
had an estimated magnitude of M7 (see discussion in Yerkes et al.,
1981). If the youngest (highest} slide was associated with
this event, then a sedimentation rate of one meter per 20 or 30
years 1is suggested.

However, the possibility still exists that these separate
slides are earthquake-generated. This is particularly plausible
considering that the U. S. Geological Survey {Yerkes et al., 1981)
has recently proposed thatythe north mainland shelf is bounded by
an .active northside-up reverse fault - the Arguello north channel
slope fault system.



V.4 Santa Barbara-Ventura shelf

This portion of the mainland shelf has been extensively
mapped, mainlty in the subsurface, by several petroleum companies.
Almost all of this data is proprietary but some of it has made
its way into government reports (Vedder et al., 1969; USGS, 1975;
Campbell et al., 1975; Standard oil, 1976; Greene et al., 1976),
theses {Hoyt, 1976; Jackson, 1981}, and other publications
(Curran et al., 1971).

Qur work on the shelf used both side-scan and 3.5 kHz
reflection, but the sea bottom is relatively featureless, render-
ing the side-scan data largely uninformative.

Our mapping results show mainly the surficial geology (Plates
10 and 11; tracks shown on Plate 1). On the maps our interpreta-
tions are shown in heavy lines while map interpretations of other
workers are shown dotted. There are some striking disagreements
in the mapped traces of faults and in assigning names tc certain
faults and folds.

We found that the shelf between Goleta and Rincon Point is
dominated by an abrupt step in the seafloor which displays a curvi-
linear trend. We interpret this feature to be a southside-up reverse
fault - the vertical seafloor separation on this fault reache 10
meters and it probably offsets Holocene materials {Figure 1 3
South of this fault we found two other southside-up faults, which
offset the buried erosion surface, but mav or may not offset the pres-
ent seafloor. The northernmost fault is 18 n. mi. (33 km) long,
the next one farther south is 5 n. mi. {9 km} long, and the
southernmost is 12 n. mi. (22 km) long. The northern and central
faults are associated with the flanks of folds. The central fault
may be a faulted anticlinal crest (Figure 18). The northern fault
is associated with a seafloor swell which is devoid of sediment
{(Figure 18, Plate 10).

We have called the northern fault the Red Mountain fault
{north branch) after Hoyt (1976). Jackson (1981) places the Red
Mountain fault much farther north, near latitude 34°23'N between
Santa Barbara and Carpinteria. We have traced this fault farther
west than Hoyt (1976). In addition, we have correlated it with
a fault labelled "Fault Y," in Yerkes and Lee {1579). The trend
we mapped agrees generally with trends published by Zioney et al.
(1974), Campbell et al. {1975), Yerkes and Lee (1979), among
others, but we have interpreted it as a single continuous trace.
It does not offset the seafloor south of Goleta.

Hoyt (1976) mapped the south branch of the Red Mountain
between Montecito and Sand Point. We did not find obvious seafloor
rupture associated with this fault. The Red Mountain fault is
well known as a north d1ppgng high ang]e reverse fault, up on
the north (see Jackson, It is puzzling that its offshore
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extension is very definitely southside-up. Hoyt (1976) has
interpreted the north branch as & backthrust off the main north
dipping south branch of the Red Mountain. The Red Mountain
anticiine is mapped by him between these two branches.

The central southside-up fault is mapped as the continuation
of the Rincon anticline by Hoyt (1976). We have named the
southernmost southside-up fault the "South Rincon fault." Hoyt
(1976) also located this fault south of Santa Barbara but does
not continue it east as we have shown. The eastern trend of the
South Rincon fault is identified by him as a separate fault -
the "North fault" - south of Carpinteria and Summerland. In
view of our data gap in the center of the South Rincon fault
trend, Hoyt's interpretation may be the preferred one.

In the eastern shelf region we found no seafloor expression
of the Pitas Point fault zone on four crossings of its trend
mapped by Zioney et al. (1974) and Greene et al. (1978). How-
ever, the southside-up Oak Ridge fault, a south dipping reverse
fault, was easily detected on five crossings (Plate 11, Figure 19).
This fault offsets a Pleistocene unconformity and several Pleisto-
cene through Holocene (?) sediment layers above it. It appears
to be a growth fault in seismic segtions (Figure 19). Also
detected beneath the eastern shelf is a now-buried channel cut
intg the late Pleistocene or Holocene erosion surface {(Figure 19,
Plate 11}. It is most narrow and well-defined in the east and
broadens westward. Possibly it is a former distributary of the
Santa Clara River. The northern edge of this channel was
detected by Hoyt (1976). Contour closure on a Holocene isopach
map of Greene et al. (1978) suggests a continuation of the
channel east to the Santa Clara River.

V.5 fCojo Bay (offshore LNG site)

Two surveys were done over a 12 sq. n. mi. area of the shelf
southeast of the Cojo Bay proposed LNG site (Figure 20). This
region was previously surveyed quite extensively by P. J. Fischer
and others (Mesal, 1978), using mainly medium penetration sparker
and uniboom seismic profiles, plus several lines of side-scan
sonar. QOur data may provide somewhat more detail on the
shallower structures and seabed morphology.

In Plate 12 we show our map interpretgtion in heavy lines
superimposed on the interpretation of Mesa‘ shown in dotted
lines. gur shallower data show general overall agreement with
the Mesa® map. Major structures like the Point Conception anti-
cline and the Molino trend are not evident in the high resolution-
shallow penetration data. The F] reverse (north up) fault zone
at the edge of the shelf was detected by us as mainly a bathy-
metric ridge.

A main point of disagrbement between the two maps concerns
the south branch of the Santa Ynez fault (SBSYF), a left-oblique
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slip fault which trends socuthwest from Sacate. Mesa2 (1978) state

that no evidence of seafloor breakage could be found associated
with this fault trend - implying that the last activity on it was
pre-Holocene. Yerkes et al. (1981) note that onshore trenching
studies across the fault trace indicate motion of possibly Tate
Pleistocene-early Holocene age. We crossed the offshore trace

of the SBSYF. about 5 or 6 times and found seafloor breaks closely
associaEed with i1 but not directly over the trace mapped (deeper)
by Mesac (1978) (Figure 21). Mostly we found northwest side-up
separations of one meter or less, or noticeable slope changes.
Southeast side-up separations were also noted as might be expected
from a striks—slip fault. A review of the original 3.5 kHz records
used by Mesa¢ (1978) established that these seafloor breaks were
also evident on their lines which are close to ours. However,
their high resolution coverage in this area is somewhat less

than ours. QOur map interpretation shows these seafloor breaks
trending slightly oblique to the SBSYF. It remains to be demon-
strated whether these faults are splays from the SBSYF and indi-
cate renewed Holocerme movement, or in fact are minor cross faults
like others mapped on the shelf, and are not related to it.

VI. SUMMARY AND PROJECT EVALUATION
VI.1 Geological mapping achievements

High quality side-scan sonar data were obtained in suffi-
cient quantity to aid geologic interpretation and mapping in
the Anacapa Passage and the Santa Cruz channel. Side-scan data
from the Cojo shelfwere of moderate quality and not voluminous.
Side-scan sonar data from the Santa Barbara-Ventura shelf region
were relatively free of prominent features. However, texture
analysis could have been done on these data to study variations
in sediment distribution. We also obtained a few lines of high =
quality data from the Santa Rosa-Cortes Ridge {SRA on Figure 1)
which show the presence of truncated folds on the ridge. We
have not reviewed these data in the text.

We found that side-scan and 3.5 kHz seismic reflection need
to be used in parallel if either type of datum is to be correctly
interpreted. Depth information (3.5 kHz) is needed to ascertain
the dip of bedding seen on side-scan sonar; plan view information
(SSS} is needed to determine trends of structures seen on seismic
profiles. In the Santa Cruz channel survey, we located an eroded
anticiine entirely with the side-scan sonar data. This discovery
was very important in that it established offset on the Santa
Cruz Island fault. The feature could not be seen on the 3.5 kHz
reflection system.

Image processing (mosaicking) of side-scamr records played
a key role in mapping of Anacapa Passage. The complex foiding
patterns here cannot be mapped track-to-track using only cross
section information (3.5 kHz seismics} - trends of folds are
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needed. Further, the trends are complex encugh that only geo-
metrically corrected side-scan data are useful. The full inter-
play of the various fold trends was clear only after a digital
mosaic was constructed.

Below we summarize the main results of our mapping program
for each area:

1. Anacapa Passage

Here the Monterey formation is complexly deformed
into east-west trending folds which are cross faulted
by NE-SW left offset faults. At the south edge of
the Passage (shelf break) we located the Santa Cruz-
Dume {or Anacapa-Santa Monica) fault zone. The
Monterey formation apparently occupies the entire
Passage and abuts the stratigraphically lower
Conejo volcanics at the extreme east end of the
Passage.

2. Santa Cruz Channel

A truncated HNW plunging anticline was found in
the NW channel which we correlated with the Christi
anticline on SW Santa Cruz Island. This infers
about 10 kilometers left offset on the Santa (ruz
IsTand fault since the Miocene. The Santa Rosa
Island fault trends NE-SW through the central
channel and abuts the Santa Cruz Island fault
near that island. This confirms the interpretation
of Junger (1976, 1379) based on deep penetration
seismic data.

3. - Naples shelf and slope

Here six chaotic submarine slides were located
on the lower continental slope. Three relatively unde-
formed slide blocks were found on the upper slope.
Origin scars for the mass movement units were found
Just below the shelf break. The slides are buried
to a degree which suggests that they are probably not
associated with the 1812 earthquake.

4, Santa Barbara-Ventura shelf

The seabed is dominated by east-west trending
structures and especially southside-up faults. One
major south-up fault was traced from Goleta to
Rincon Point, and corresponds in part to previously
mapped portions of the north branch of the Red
Mountain fault. This fault displays a maximum of
10 meters offset south of Montecito. Two surveys,
in 1979 and 1980, investigated the region south
of Santa Barbara. We found no
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seafloor disturbance which could be attributed

to the August 13, 1978 Santa Barbara earthquake.
The Oak Ridge fault may displace the shelf Holocene
sediments but we could find no evidence that the
Pitas Point fault does so. We found the buried
channel of the Santa Clara River off Oxnard.

- Cojo Bay {offshore LNG site)

Our map here generally agrees with the previous
interpretation of Mesa? (1978). 1In addition we
found evidence of seafloor breakage near the trace of
the south branch Santa Ynez fault, suggesting that
this fault may still be active.

Image processing achievements and evaluation

The image processing objectives of this study were achieved

in part, but not in full, primarily because of inadequate naviga-
tion data. 1In addition, the sheer bulk of data for A/D canversion
and digital processing represents a major barrier for developing

a transportable technology for digital pre-processing. Detailed
assessments are as follows:

1.

At considerable cost in research and computer time,

it proved feasible to achieve first-order (approxi-

mate) corrections for variable cross and along track
scales, to correct to a ground-range display rather

than a slant-range display, and to achieve opposite-
look (not same-side look ) mosaicking.

The level of geometric correction achieved with a
moderate level of navigation control, and no contepl
over fish dynamics, was dinsufficient to achieve
stereoscopic fusion in the best test set of side-
lapping, same-side, stereoscopic imagery.we were
able to obtain.

As noted by Denbigh (1978) earlier, this disappoint-
ing degree of correlation in geometry and particularly
in fine structure greatly impedes the visual fusion of
images during stereoscopic viewing. Precise naviga-
tion control of both vessel and fish, along with
same-side, same-height imaging appears essential

for achievement of stereoscopy. Fine structure
variations will remain as a problem but by analogy
with the radar situation for “"pepper and salt"

images of the type obtained with synthetic-aperture
imaging, should not completely deter fusion of
separate-track images if precise knowledge of the
position, depth and gttitude of the fish is available.
Probably this level of precision will be best
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achieved on an inertially controlled submarine or
large fish, suggesting a very large investment for
this capability. :

3. The ground-range display mosaicking achieved in
this project was important for geological inter-
pretation, in confirming the continuity of
structures which could not be followed in the
near-range on the slant-range paper displays.

4. A wide variety of image enhancement procedures
were tested. The most useful were mosaicking of
standard deviation images, which proved useful in
enrhancement of lineations, and contrast stretching
along with rectification (Plate 3),which produced
a dramatic improvement in image quality and inter-
pretability of sediment patterns and of exposed
truncated folds which were at times invisible cn
the original paper (analog) records; thus the most
useful procedures for texture enhancement were
relatively simple. More complex enhancements
involving sequential median low pass (smoothing)
and mean or median high pass (edge-enhancement)
filtering produced mixed results in that textural fea-
tures were suporessed, but lineations were emphasized
when followed with the standard deviation filtering
and an additional contrast stretch. Inverse
(Wiener) filtering, though leading to some improvements
in image quality, was not cost-effective (it was the
most costly digital enhancement procedure employed)
with our data because of the uncertainty in describing
“ the actual system point spread function and the low
S/N in the image, as well as the modest gains in image
quality from these procedures.

5. Color combination imaging was not attempted because
the sufficiently precise navigation control needed
for overlaying two images on top of one another was
not available.

In summary, the importance of precise navigation data was
reconfirmed, as was the need for a continuous record of fish
dynamics if the full array of image processing techniques is to
be applied to sonar records. A wide variety of special geometric/
navigation correction procedures are available in the Fortran
language for other users of the same side-scan sonar system,

The VICAR software has proven useful for mosaicking, and simple
texture and more complex lineation-enhancement procedures {(filtered,
Tinear stretch, and standard deviation images} were also shown

to be the most useful of those tested. While these are positive
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aspects of the study, we are less sanguine that these proce-
dures constitute a broadly apniicable technology for surveys
of small areas because of the high start-up and familiariza-
tion costs involved. For large area surveys we suspect that
large systems employed with a stable or inertially navigated
platform, and using wide-swath (synthetic aperture) imaging

will be more suitable for geologic exploration of the conti-
nental shelf.
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APPENDIX 1

Digital acquisition and processing of LORAN-C navigation:
Summary and explanation of the navigation programs

by

David Naar

A.1.1 Overview

This documentation explains how to filter and modify the
LORAN navigation data from the side-scan cruises. The data
consist of precise LORAN fixes and accurate RADAR fixes. At
sea, the "NAVLOG" program simultaneously writes LORAN fixes on
paper and disc three times a minute {(Figures A.1.1 and A.1.2).
RADAR fixes are usually taken every 15 minutes by the ship's
navigator. A handwritten navigation log is also kept of RADAR
fixes, LORAN fixes, ship speed, and ship course.

Our digital navigation scheme has-progressed in two steps.
First, we designed hardware and software to write 23 second-
interval LORAN fixes to a computer disc. These data were then
processed onshore according to the flow in Figure A.1.Z2. A
second effort was to automate the onshore scheme to produce real-
time-unedited navigation track plots during the survey. This
processing flow is shown in Figure A.1.1. The real-time flow
uses essentially the same software as the onshore processing.

At present, we still have a few development changes to make on
the real-time package. A final test at sea will take place in
September 1981. Ta

The first part of the digital processing is to write all
1 ORAN fixes to disc (Figures A.1.1 and A.1.2). Once all the
23 second-increment LORAMN fixes are on disc, the data are run
through the "KILSCAT" program, which filters, smooths, and
interpolates the fixes. The new one minute-increment averaged
data and the RADAR data are then run through the "OFFSET"
program, to find the average offset and standard deviation
between the LORAN and RADAR series (the "least squared" method
ijs used - translation of center of mass). The average offset
is added to all the LORAN fixes to generate the corrected or
calibrated version of the navigation data. Track plots are
then generated and if the plats do not show any gross errors,
the corrected version will be taken as the final version of the
navigation data. Preliminary plots can be run on the NORTH STAR
and HOUSTON flatbed plotter using "MERCA" or on the NORTH STAR
and CALCOMP drum plotter using "MERCS."

*



The data also may be transferred to an ALPHA-MICRO computer
that is linked to another CALCOMP drum plotter. The ALPHA-MICRO
may be used to transfer data to a disc file at the computer
center using the "CCLINK" program. Otherwise, the only advantages
to transferring data to the ALPHA-MICRO are its powerful text
editor and the rapid "MERC8" plotting program to transfer final
LORAN data to a disc file. "DSKCAS" and "CASDSK" programs
are used. This disc file is accessed in the image processing
steps of geometric rectification (Figure 5).

If data gaps on the ship navigation disc should ever occur,
data must be typed in from the handwritten navigation log using
the "MAKEFILE" program. “PLAYBACK" and “EDIT" are used to make
any necessary corrections. Once the data is all complete on
disc the procedure is as above. :

A.1.2 Program descriptions

A1l the programs used in the processing are written in
BASIC language for either the NORTH STAR HORIZON or ALPHA-MICRO
microcomputers. Some of these programs are hybrids of Fortran
versions written for the A/S-6 (OFFSET, MERCPLOT).

"NAVLOG," the navigation logging program, is used on ship
to keep a record of LORAN fixes on disc and paper. Every 23
seconds, when the LORAN computes a fix, the computer acquires it
and prints it out along with the corresponding time. The computer
records 15 fixes on the disc at a time to preserve the disc
drive mechanism. If the program is interrupted, then all the
fixes in memory are recorded on disc instantly, the file is
closed, and the program terminates. The following are possible
program interruptions: overrunning user given time limits, power
fluctuations, control-C command, or the LORAN goes bad.

"KILSCAT," which is used to attenuate LORAN scatter or
noise, is a large and flexible program. It can find ship speed
and direction, average an array of fixes, interpolate the
averaged fixes to the minute, filter out bad fixes, and alert the
user if data gaps of a given length are found. "KILSCAT" runs
the fastest without using the printing options.

The calculated ship speed is found by comparing a new fix
with a running averaged previous position. The distance between
the two fixes is calculated and divided by the time difference.

The calculated ship speed is compared to an upper 1imit ship

speed (input parameter). If the calculated speed is more than

the 1imit speed, the fix is thrown out and the next fix will be
tested. A print out of the ship speed and direction is very useful
for the process of producing mosaics. If there is a gap in the
data exceeding a given length of time {input parameter), the user
will be so notified and thg program will automatically branch



to make a new running average with only the fixes after the time
gap. The number of fixes averaged is also an input parameter. A
Tinear running boxcar average is used to smooth the fixes.

Not only does "KILSCAT" smooth the fixes, but it reduces
their number by two-thirds: i.e., instead of having three fixes
per minute, there is only one fix per minute on the minute. Simple
Tinear interpolation is used to obtain on-the-minute fixes.

The RADAR fixes are usually more accurate than the LORAN
fixes. "OFFSET" finds the average latitude-Tongitude offset
between matching RADAR and LORAN fixes. This is done by sub-
tracting the LORAN fix from the RADAR fix. It creates a new
LORAN file by adding the average offset to the old LORAN fixes,
The process is similar to sliding a map underneath undisturbed
LORAN fixes.

Before running the "OFFSET" program, have ready the smoothed
LORAN fixes from "KILSCAT" and the corresponding RADAR fixes from
"MAKERAD." There are printing options that print out all RADAR
and LORAN fixes. The final product of the program is RADAR-
corrected LORAN fixes on disc.

-
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APPENDIX 2

Navigation processing in the taboratory:
Pre-digital acquisition

by
Jaye E. UpDeGraff

A.2.1 Overview

On board the research vessel at sea, three types of fixes
are taken to determine the ship's position. On the bridge, the
ship's crew takes satellite fixes every few hours, and RADAR
fixes on local landmarks every 15 to 30 minutes. In the Tab,
the scientific crew uses the LORAN-C receiver to obtain fixes
every few minutes. On SSS-77-1 LORAN was recorded every 156
minutes, on subsequent cruises every 5 minutes. Because the
frequency of fixes is much higher for RADAR and LORAN, these
two types are employed in the navigation track positioning
procedures.

The fix data recorded at sea must be transformed into
formats usable in the computer programs employed. The hand-
written data logs from each cruise must be keypunched onto
cards. FEach separate fix is typed onto a separate card, the
cards (in chronological order} of a single cruise constitute
a "data deck." The format used is termed FIXSE, and is one used
by Woods Hole Oceanographic Institution. This format requires
that the following information be keypunched on each card (for
each data point, or navigation fix):

DATE~-MONTH-YEAR-TIME {l1ocal) cols. 1-10, Formdt (312,14)
LATITUDE-DEGREES (+ north) cols. 16-18, Format (13)
LATITUDE-MINUTES {decimatl) cols. 19-25, Format (F7.2)
LONGITUDE-DEGREES (+ east) cols. 26-30, Format (I5)
LONGITUDE-MINUTES (decimatl} cols. 31-37, Format {F7.2)
FIXCODE cols. 42, Format (I11)
Types: dead reckoned FIXCODE = 1
RADAR = 3
LORAN-C = 7
= g

satellite fix

A11 of the pre-digital acquisition navigation was processed
@t the main UCSB computer center. Processing programs are written
in Fortran-H, and plotting was done on a CALCOMP 30 inch drum
plotter.

The original RADAR and LORAN navigation data decks_are.
duplicated to preserve one¥copy each of the original nav19at1on}

and provide a second pair of decks to be ysed iy refinement procedures



The duplicate decks are then divided into sub-decks, based
on the geographical area covered in the survey. This is done
by plotting all the original data onto a 1:100,000 scale map,
and then defining the areas in terms of where the survey tracks
lay. The areas are of appropriate sizes to allow plots of the
scale of 1:20,000 or 1:40,000 to be made using their boundaries.
These sub-decks are Tabelled unambiguously for future reference
and use.

To begin the navigation correction procedure, each pair
of oriainal RADAR and LORAN navigation is run through the TRACKS
program and then plotted. The plot is analyzed for obvious
mistakes, which are then corrected using dead-reckoning technigues
and information provided by the ship's log. The corrected
positions are keypunched onto cards in FIXSE format, and then
inserted into the deck in place of the bad fix card. This deck
is termed the "dead reckoned RADAR (or LORAN) deck."

The pair of dead-reckoned RADAR and LORAN decks are then
run through the TRACKS program again, and another TRACK plot
produced. This plot is analyzed again for bad fixes, and the
same procedure is used to correct them, if it is necessary.
These "corrected dead-reckoned decks" are then ready to be
used in the OFFSET program.

The pair of "corrected dead-reckoned RADAR and LORAN decks"
are run through the OFFSET program. (Only one area-pair of
decks may be run at one time.) The OFFSET program will return
an output tisting as well as a new deck of LORAN cards, termed
the "JFFSET-corrected LORAN deck."

The OFFSET-corrected LORAN deck is then run through the
TRACKS program along with its corrected dead-reckoned RADAR deck
in order to compare both navigation series (it is preferable
to not have the RADAR fix points connected with line segments
at this step). The plot returned is analyzed for any bad fixes.
Any errors are corrected by dead-reckoning and use of the ship's
log, and bad fix cards replaced by corrected fix cards.

This "dead-reckoned OFFSET-corrected” LORAN deck is next
run through the DEDREK program. The DEDREK output is analyzed
for flags indicating fixes with speed vatues and time increments
greater than the ancitipated maximums. Flagged fixes are examined
against the ship's log of manuevers to determine if the computed
values are valid. Invalid values for a fix are corrected by dead-
reckoning using information from the ship's log. The corrected
fixes are keypunched and inserted into the deck in place of the
bad fixes. This deck with the corrected cards is the "final"
LORAN deck. The final LORAN deck is lastly run through the
TRACKS program, and a final plot is produced.

¥



A.2.2 Program descriptions

The program TRACKS uses input navigation data card decks
and CALCOMP plotter software to generate time-annotated naviga-
tion tracks on MERCATOR projection, which are plotted on a
CALCOMP incremental drum plotter. The input navigation data cards
must be in FIXSE format to use the TRACKS program. The program
can plot various boundaries and scales plus plot variocus symbols
at fixes to identify fix type.

The OFFSET program uses a dead-reckoned RADAR navigation
data deck and a dead-reckoned LORAN navigation data deck of the
same cruise, and mathematically corrects the offset LORAN fixes
in reference to the RADAR fix positions. The offset is defined
as the RADAR position minus the LORAN position, In the calculation
and recording of LORAN fixes at sea, a systematic error occurs
in the positioning of the fixes. The LORAN fixes are precise
relative to each other, but may be geographically offset in their
position. The position variation fluctuates in magnitude over
large areas, but 1is constant over a small area {for example, the
size of area covered in a separate survey). RADAR fixes do not
have this type of position variation; they are accurate geographi-
cally and are therefore used as positions to which the LORAN
fixes are calibrated. The LORAN track is calibrated in this
way to produce an offset-corrected navigation track. '

The DEDREK program calculates the speed, time and azimuth
between two chronologically adjacent fixes. It then determines
if any of the three values is greater than maximum values set
on input. A notational flag is printed whenever the calculated
values are greater than the given maximums. These flags key
the interpreter to suspicicus fixes.



APPENDIX 3

Analogue - Digital conversion of
side-scan sonar data recorded at sea

by

Fred Ennerson

A.3.1 Digitization procedure

The digitization procedure involved performing A/D
conversion on the sonar data recorded on a Racal 4-channel
FM tape recorder. Two sonar channels and one timing (synch)
channel were taped. The data channels (port and starboard)
were processed using a different procedure than the synch
channel. The data channels were first filtered at 500 Hz with
a Krohn-hite model 3222 filter. This signal was then amplified
to £10 volts (the range of the A/D hardware) using a Toshiba
model $Y-335 preamplifier and a Toshiba SC-355 amplifier. The
resultant signal was then digitized. The synch channel was
amplified and the synchpulse widened to three times its original
length with a Hewlett Packard model #3300-A function generator.
The reason for synchpulse enlargement was to ensure its detection
during digitization.

Digitization was done using computers at the computer
systems lab {(CSL} of UCSB. These include a PODP 11/05 and 11/45.
A1l three channels were digitized in sequential order {e.g.,
one sample from port, one from starboard, ane from synch, one
from port, starboard, synch, etc. . . .). The digitization
frequency was 4,841 Hz for a sampling frequency of 1614 Hz
per channel. The digitizer output was 13 bits in a 16 bit integer.
The 13 bits consisted of 12 data bits and one sign bit, for a range
of -2048 to +2048 grey levels.

Because of disk space limitations on the PDP 11/05 (the
PDP 171/05 has three 2.1 M byte RK/05 disks) the data were digitized
in smail overlapping segments. After one segment was digitized
and placed on the RK/0G5's, the data was then transferred, by means
of a disk accessible to both the PDP 11/05 and 11/45, to the 11/45.
Digitizing directly to the transfer disk was not done because the
disk was not a dedicated disk and buffering proved impossible at
the digitizing rate required.

A.3.2 Track reconstruction procedure

The first step of track reconstruction consisted of three
parts: (1) separating the digital input file into three files
(port, starboard, and syngh) using internal buffers, (2) averaging
the data by a running two sample cross-track average, (3) reducing
the data from 2 bytes to 1 byte.



The second step of reconstruction involved manually finding
the first five synchpulses using an interactive graphics system.
The offset of the first synchpulse from the start of the file and
the average time between synchpulses was calculated.

The third step of reconstruction was the creation of an
image of equal line lencth for each channel. Based on the
location of the first synchpulse and the average time between
them, a computer program windowed around the estimated
successive synchpulse time. The targest ampliitude
sample in this window was assumed to be the synchpulse. The
program then repetitively windowed at each projected synchpulse
time. When each synchpulse was found, the data channel {port
or starboard) was demultiplexed and written out into a new file.
The end of the data set (determined by synchpulse location) to
the end of the standard line was buffered with zeros. A simple
thresholding program tc locate the synchpulses was not used
because many of the noise spikes in the synch channel were of
greater intensity than the synchpulse. If a noise spike near a
synchpulse caused the windowing function to miss the next pulse,
either the search window was enlarged or the offending noise spike
was manually removed from the synch channel.

The fourth step of reconstruction was the combining of all
of the small images into one large image of the entire track.
Fach track constitutes about 30 minutes of survey data. This
was done by mosaicking {overlaying) the separate (sub)images into
one large sequential image. For each pair of adjacent (sub)images
a data line common to both was Tocated. This was done by subtract-
ing the first line of the second (sub)image from each of the last
100 Tines of the first (sub)image. The line with the smallest
amplitude difference was assumed to be the same line. The second
image was added to the first at this point. In like manner, the
third image was checked against®the last 100 1ines of the new
image file and s¢ on. The average difference of the match up
lines was usually less than half the difference of any of the
other lines. Once the entire image was reconstructed it was
visually checked {by film-writing) to make sure it was processed
correctly. If the check confirmed the image was correct, the
image was then written onto tape for processing on the ITEL AS/6
at the main computer center.



