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Abstract- This paper introduces AutoSurvey, an 
environmentally adaptive approach to hydrographic 
surveys, and explains how this new technology can 
benefit the industry. Also, the paper discusses the effort 
to integrMe AutoSurvey into NAVOCEANO's Integrated 
Survey System, ISS-60. The AutoSurvey Planner, a new 
project being developed to bring AutoSurvey functionality 
to survey planners, is introduced. Results of various 
comparison tests are presented that demonstrate 
AutoSurv^'s ability to dramatically reduce survey time. 

I. INTRODUCTION 

AutoSurvey is a robust set of algorithms 
designed to improve upon the current methods of 
running hydrographic surveys. It was designed and 
developed by the Naval Research Laboratory, located 
at Stennis Space Center in Mississippi, and C&C 
Technologies, located in Lafayette, Louisiana. The 
original mission of AutoSurvey was envisioned as 
two-fold; to provide autonomy to hydrographic 
surveys and to complete surveys more efficiently 
with comparable or improved quality of data using 
environmentally adaptive methods. Bourgeois et al. 
[1] describe in detaO the necessity for such a system, 
its primary objectives, and its early use. 

Currently, hydrographic surveys are carried 
out using fixed-spaced parallel lines with modem 
multi-beam sonar technology. Multi-beam sonar 
technolo^ provides a swath of sound returns that can 
cover a 150-degree angular sector or greater, and is 
perpendicular to the survey vessel's keel. The swath 
width is directly related to the vrater depth 
underneath flie sensors at any given time. For 
example, in areas where the water is very sWlow, 
the swath width vwU be narrow. As the water gete 
deeper, the swath width grows. The distance 
between the planned survey lines is constant, and is 

generally based on the estimated swath width that 
results fi-om the minimum water depth in a survey 
area. The tninimum water depfli is usually estimated 
fi"om older charts whose accuracy may be 
questionable. The fixed line method is used to emure 
adequate data coverage; the narrower swath width 
results in survey lines that are closer together in an 
attempt to achieve 100% coverage. While Ms may 
benefit the survey by reducing data gaps (holidays), it 
can produce areas of excessive coverage (overages) 
and thus excessive survey times. Trying to 
compensate by b^ing the survey on wider swath 
widths, thus spacing lines fiwther apart, will lead to 
holidajm in shallower areas. This makes it somewhat 
difficult to determine appropriate line spacing for a 
survey, especially over rough terrain, and it is 
apparent that trying to pre-determine the appropriate 
swath widths and line spacing for a hydrographic 
survey is, at best, sub-optimal. 

Current hydrographic survey also demand 
supervision and interaction from human operatore. 
Verification of data quality, coverage assessment, 
and sensor/vessel parameter adjustments are all 
situations in which a human presence is required at 
virtually all times. Not only is human supervision 
necessary in these situations, it is usually necessary 
that the operators have extensive training specific to 
the system they are using. 

AutoSurvey was developed to alleviate 
some of the complexities that accompany 
hydrographic surveys. One of the primary goals of 
AutoSurvey is to automate the survey process. This 
includes the processes involved with data quality 
assurance and coverage assessment, as well as 
generating navigation waypoints. AutoSurvey 
handles these issues behind the scenes, dr^ticaUy 
reducing the amount of human intervention required 
during the survey process. This allows the surveys to 
become virtually autonomous. 



It is also a primary goal of AutoSurvey to 
provide the capability for hydrographic surveys to be 
more efficient. Using information gathered from the 
most recently run track line, it is possible to calculate 
the optimal next track line. This Hne is not 
necessarily straight, nor is it parallel, because the line 
is jBt to the previous line's swath edge to ensure 
gapless coverage. Simulator and field test results 
conclude that AutoSurvey can minimize holidays and 
increase efficiency over rough terrain, resulting in 
timesavmgs well above thirty percent. 

The next section introduces the line fitting 
schemes that allow AutoSurvey to accomplish its 
objectives. Section III discusses the transition of 
AutoSurvey to the U.S. Naval Oceanographic Office 
(NAVOCEANO) for use with its ISS-60 survey 
software. Section IV introduces the AutoSurvey 
Planner, a tool to aid survey planners in the creation 
of environmentally adaptive hydrographic surveys. 
Section V highlights the residts from comparison 
testing during the NAVOCEANO System 
Acceptance Test (SAT), conducted during the 
AutoSurvey tradition to ISS-60, and results from 
simulator runs showing tiie savings achieved under 
extreme situations. Section VI is the summary. 

II. LINE RUNNING METHODS 

In order for AutoSurvey to make 
hydrographic surveys more efficient, in-situ 
assessment of bathymetric data must exist. This is 
necessary due to the variations that exist in oceanic 
environments. Variations    including    bottom 
composition, bottom morphology, sea state, and sea 
direction all directly affect the achieved coverage of 
multi-beam bathymetry. Because of the effects these 
variations have on the multi-beam s^tem, using 

fixed parallel lines is often an unsatisfactory method 
of trying to efficiently perform a hydrographic 
survey. AutoSurvey tries to accommodate these 
changes in the environment by evaluating the data 
collected from the previous line. It then uses this 
information to generate the next optimal track line 
using one of several line fitting methoste. 

The simplest of the methods is the 
Adaptive Parallel (AP) method. It is similar to the 
current fixed parallel Ime running methods, the 
prinwry constraint being that all lines must be 
parallel to one another. The difference is that the 
lines are not evenly sp^ed, but raflier adapted 
according to the data from the previous line. This is 
accomplished by finding the minimum swath width 
data point on the previous line's swath edge and 
generating the new line according to that point. Fig. 
1 shows a series of Imes generated using this method. 

There are advantages and disadvantages to 
ming the AP method. First, the straight, parallel 
lines assure that the navigation of the track Ime is 
simplified. Also, there is a guarantee that there will 
be near 100% coverage of quality data. The trade-off 
for using this method is that it is possible to have 
are^ of overage. Overage means that some areas 
were redundantly surveyed, and this redundancy will 
result in longer survey times. This would occur in 
sitaations where lines are run while travelling from 
shallow water into deeper water along a line. The 
lines would be generated very close together due to 
the shallow water, resulting in Urn vessel eventually 
tracking through the previous swafli. 

The Linear Regression method is the second 
method used by AutoSurvey to generate 
environmentally adaptive lines. This method tries to 
project the best fit to the swath edge of the previous 
line using a robust linear regression algorithm. Like 

30902^ ■ 

Adaptive Parallel 
Line UOhod 

^-^ T "■"" r 1     1     '     r -■r 'T 

3089250 - 

- 
3088250 

■ 

3086250 

—1—1 30852501 1      <       ( —1-   -i j     1     1     1     ,     1 

3090000 

3089000 - 

3088C»0 

3087000 

308SWO - 

Linear Regression 
Line Method 

435700 436700 437700 438700 439700 440700 441700 
3085000 »• 

43S000    437000   438000   439000   440000   441000    442000 

Fig, 1 Lines generated using tlie AP line metliod. The 
coordinate ^stem Is in meters. Notice the spacing Is not fixed. 
As water depth gets shallower, the line spacing decreases. 
Ukewise, as the water depth increases, the spacing gets wider. 

Fig. 2 Lines generated using the LR line method. The 
coordinate system Is in meters. Notice that this method retains 
the use of straight lines but Is no longer constrained to lines 
that are parallel. 



the AP method, the LR method produces a line that is 
always straight, but the constraint of being parallel to 
the ^jacent lines does not exist. Instead, the line is 
parallel to the previous line's swath edge. Fig, 2 
shows a series of lines generated using the LR 
method. 

This method has the ability to improve 
survey time, in some sitimtiom significantly, since 
the next line to run will never fall in the previous 
line's swath. However, data gaps may be introduced 
and overage could still occur. For example, in areas 
where water depth varies, excessive coverage may be 
noticed in deeper watere where the swath widtii is 
wider, and m depth decreases and the swath width 
narrows, data gaps (holidays) may occur. Current 
development projects to replace the current algorithm 
with a non-gapping LR method are close to being 
completed. Until then, the simplicity of navigating 
straight survey lines still exists with the current LR 
method. This, in conjunction with the shorter survey 
perio(b and the ability to incre^e the coverage 
percentage in order to eliminate gaps, makes these 
situations acceptable. 

The final method used by AutoSurvey to 
generate lines is the Piecewise Linear (PL) mefliod. 
The PL method is flie most complex method used to 
calculate optimal track lines. The principle behind 
the PL method fe to partition the next line to run into 
segments of a fixed size and then nrake calculations 
on those segments, allowing the contoiu" of the 
previous swath edge to be fitted and followed. Fig, 3 
shows a series of lines generated using the PL 
method. 

Because of its use of segmentation, survey 
time significantly improves when compared to the 
AP method, especially over rough terrain. This is 
became PL calculates the segments to be parallel to 

Piecewise Linear 
Line Method 

30920001 

3091000 

3090000  - 

3089000 

3088000 

MB7«» 

3086000 

3085000 

3084000 
4360(»   437000   438000   439000   440000   441000   442000 

n& 3 Lines generated using the PL line method. The 
coordinate system is in meters. Notice this method is no longer 
constrained to using straight lines. 
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the previous swath edge, similar to the LR method. 
Also, there is noted improvement in coverage over 
the LR method, since fitting to the swath edge using 
the shorter segments reduces the possibility of 
holidays between swath edges. 

The primary disadvantage to the PL method 
is the potential for complicated navigation due to the 
non-straight nature of die generated track. In areas 
where the terrain is rugged, extreme variances in 
depth can create lines that are difficult to navigate. 
Current research for AutoSurvey software 
enhancements include defining methods to account 
for these situations. 

It is worth noting that swath edges generally 
contain are^ of poor data quality. Because it is 
unavoidable to have such areas along the extremities 
of the swath, coverage overlap is usually necessary. 
AutoSurvey addresses this situation by providing the 
ability to specify a coverage percentage. Specifying 
a coverage percentage enables AutoSurvey to shift 
the next line to run in order to eliminate unwanted 
data exclusion areas. For example, specifying 100% 
coverage in a survey will line up the s^th edges, 
while specifying 200% coverage will put the next 
line to run along the previous swath edge. This 
fimctionalify is available with all line running 
methods. 

III. TRANSITIOMNG AUTOSURVEY 

One of the overall objectives for the 
development team has been to estoblish AutoSurvey 
as an essential piece of the survey toolkit. In order 
for this to occur, it had to be come a mature, robust, 
and sophisticated component, capable of integrating 
into and interacting flawlessly with equally 
sophisticated survey software. To accomplish this, 
AutoSurvey was tested and enhanced on several 
platforms before its introduction to NAVOCEANO's 
ISS-60 software. The two platforms that were used in 
the early stages of AutoSurvey development were the 
Oceanographic Remotely Controlled Automaton 
(ORCA) [2], and the Environmentally Adaptive 
Navigation (EAN) Simulator [3], 

The ORCA was the firet test platform for 
AutoSurvey development. It was an untethered, 
submersible vehicle, approximately 10m in length, 
which ran just below the surface of tiie water. The 
initial testing on the ORCA vms in May of 1997 in 
the Santa Rosa Ridge area, located approximately 20 
miles south of Pensacola, Florida. The goal of this 
early sea trial was test the flexibility of the three line 
generating methods. The area provided excellent 
variation in depth and areas of extreme changes m 
contour, which provided results proving the 
eflSciency of environmentally adaptive line 
generation. Two more sea trials over the following 
year brought the ORCA to the "hands-off level 
desired by the development team. In August of 1998, 



the ORCA completed its first simple autonomous 
survey. The early tests from this series of sea trials 
returned promising results and prompted the 
development of a simulator. 

Development of the BAN simulator (Fig, 4) 
began early in 1999 as a joint effort between NRL, 
C&C Technologies, and Planning Systems, Inc. 
(PSI), located in Slidell, LA. Its purpose was to offer 
a tool that can be used to simulate autonomous swath 
seiBor survey missions given vessel and sensor 
characteristics, and to fimction as a survey-planning 
tool. It was also visualized m eventually being 
transitioned into vessel control systems for various 
Unmanned Underwater Vehicles (UUVs), 

The BAN simulator h^ been used 
extensively in-house for many projects that support 
continuing development of AutoSurvey. It is used to 
create and run autonomous surveys when given a 
Digital Terrain Map (DTM) and swath semor 
specifications. The data fi-om these surveys can then 
be used to create graphical images of the areas using 
third party software. 

During the same period that work was 
beginning on the BAN simulator, another 
AutoSurvey project conmienced. This was the 
integration of AutoSurvey into NAVOCBANO's 
ISS-60 survey system. ISS-60 (Integrated Survey 
Sptem), is a software package supplied to 
NAVOCEANO by SAIC and is used for various 
oceanic surveys. It is installed on the TAGS class 
research vessels and the Hydrographic Survey 
launches (HSL). Through a series of simulator 
demonstrations for NAVOCEANO and sea trials 
aboard their research vessels, AutoSurvey has 
matured into a robust library of algorithms ready for 
transition to NAVOCEANO's survey fleet. 

The introduction of AutoSurvey to 
NAVOCEANO came in May of 2000 and consisted 
of a demonstration at their simulation facilities 
located at Stennis Space Center, MS. The 
demonstration was successfiil enough to warrant a 
series of sea trials to explore the possibilities of 
making AutoSurvey a permanent part of their survey 
system. 

The first sea trial aboard a NAVOCEANO 
HSL took place several weeks after the simulator 
demo. The HSL was a 34-foot, mission ready vessel 
equipped with a Simrad EM3000 multi-beam sonar 
system and loaded with the most recent version of 
ISS-60. The sea trial, which took place out of 
GulQjort, MS over the three-day period of 22-24 May 
2000, was conducted in tiie shallow water of the 
Mississippi Sound, The primary mission of this first 
sea trial was to establish that the AutoSurvey libraries 
could be integrated into and called from the ISS-60 
software (Fig. 5). Once this was estabUshed, two 
days were spent testing AutoSurvey, including how 
well it handled the different line running methods, its 
ability to generate waypoints and then send these 
waypoints to the autopilot. The results of this sea 
trial were encouraging, but Mcertained that system 
upgrades and enhancements to the algorithms were 
needed to improve the integration of AutoSurvey into 
ISS-60. 

In November of 2000, the integration effort 
was shifted to the larger USNS Heezen, a TAGS 60 
class research vessel that was better equipped to test 
the fiiU range of features of AutoSurvey, The 
Heezen is equipped with a Simrad EM 1002, a multi- 
beam somr system operating at a frequency of 93 
KHz and covering depths up to 800m, This, and the 
deep-water capability of the vessel, allowed testing to 
be done in areas and depths ttot were unreachable by 
the smaller HSL, The sea trial was conducted in the 
300-fathom contour area located along the 
continental shelf, 60 miles south of Gulf Shores, AL, 
This area provided deep water, wide swath widths, 
and the contoure of the continental shelf. These 
conditions were ideal for testing the line fitting 

Fig. 4 A screen capture from the EAN Simulator. Tills Is a PL 
survey of tlie East Fiower Garden Bante area. Tiie coordinate 
sj^tem is in meters. 

Fig. 5 A screen capture of an AutoSurvey mission running in 
ISS-60. Tiie survey area was 20 miles soutii of Pensacola, FL. 



methocb of AutoSiirvey and provided positive survey 
results. Shallow water tests were also conducted in 
an area north of the 300-fathom contour area that also 
provided insight to needed enhancements to the 
system. The size of the research vessel, for instance, 
revealed maneuvering issues that were not present 
with the smaller ORCA vessel mid the HSl^. This 
led to improving the methods used to align the vessel 
with the next track line. 

Two other sea trials during the summer of 
2001 proved most useful in farther enhancing the 
AutoSurvey system. The trials were conducted 
onboard HSI^ out GulQjort MS, near the Ship Island 
channel, approximately twelve miles offshore. Here, 
the nominal swath widfli was 17m, increasing to 52m 
across the channel. The goal of the sea trials was to 
test various upgrades since the November sea trial 
aboard flie Heezen. Also, during the firet sea trial, 
new issues were discovered. These issues were 
brought to the attention of die development team and 
fixes were applied before the second sea trial. 

Many upgrades were implemented during 
this period including modifications to the core library 
fimctions. These modifications allowed incre^ed 
accuracy in performance of the different line 
generating methods. Also, many enhancements were 
developed to ease user interaction with the system. 
User enhancements that were developed included the 
ability to stop/start unfinished surveys, the ability to 
change line methods on the fly, and the ability to 
reveree the waypoints to run lines in the opposite 
direction. Also, the users were now able to create 
multiple surveys under a single survey plan, m well 
as force acquire the next waypoint in the event of 
navigatioiwl errors and to force data logging. 

In February 2002, a test plan was proposed 
to survey and software experts fi-om NAVOCEANO. 
It was designed to test all of the capabilities of 
AutoSurvey including line generation waypoint 
generation, the passing of waypoints to the autopilot. 

the handling of bad swath data, and the handling of 
interrupted surveys. Also, the user enteicements 
fliat had been added to simplify operator interaction 
were represented. It was designed as a series of small 
surveys, each of which tested a different aspect of 
AutoSurvey capability. This test plan would be the 
basis as to whether AutoSurvey was ready to be 
integrated into ISS-60 permanently. 

Sea trials to test and finalize the test plan 
took place offshore of Pensacola, FL onboard an 
HSL, starting February 16 and ending February 22. 
The sea trial lasted for six days, by fer the most 
extensive testing done to the system at a given time, 
NAVOCEANO experts were pieced with the 
outcome of the test plan and a final sea trial was 
planned for System Acceptance Testing (SAT) for 
the transition of AutoSurvey, 

In August of 2002, the three-year old ejffort 
to transition AutoSurvey to NAVOCEANO for use 
with the ISS-60 Software concluded with a successfiil 
SAT. The Sea trial took place onboard the USNS 
Mary Sears (TAGS-65), 110 mile west of Key West, 
FL, The test plan took approximately seven houre to 
complete. 

Following the SAT, comparison tests were 
nm over a large area in order to analyze time saving 
between the different line methods and coverage 
achieved. The area covered offered a new challenge 
for AutoSurvey, m a 70m drop-off offered a potential 
"blind spot" for the system, AutoSurvey was able to 
cover the drop-off well with ite AP method. The LR 
method and the PL method handled the area well 
when compared to the ladder (fixed, parallel line) 
method. 

With the successftil SAT and comparison 
testing done during the August 2002 sea trial, 
AutoSurvey was Mcepted for transition into 
NAVOCEANO's research fleet. The development 
team is currently awaiting its final integration into the 
next release of ISS-60. 

Fig. 6 An image of tlie ladder survey from tlie comparison tests 
near the Florida Keys, August 2002. The red arrow points to a 
holiday due to the estimated line spacing. The black points to 
the 70m drop-off. 

Fig. 7 An image of the AP line method from the comparison 
test near the Florida Keys, August 2002. Using the AP line 
method allowed the holidays to be removed, even around the 
70m drop-off. 



IV. THE AUTOSURVEY PLANNER 

With the transition of AutoSurvey to the 
NAVOCEANO fleet near conclmion, the majority of 
attention for fiiture development has turned towards a 
new project, the AutoSurvey Planner. The objective 
of this project is to provide AutoSurvey to the 
NAVOCEANO survey planners. 

Current pre-mission planning utilizes fixed 
parallel lines based on the minimum swath footprint 
of an area to be surveyed. This footprint is 
determined from assumed vessel and sensor 
performance, nominal environmental conditions, and 
tiie minimum depth in the survey area. By 
considering vessel and sensor dynamics, using the 
best bathymetric data available, and by removing the 
fixed parallel line constraint, it would be possible to 
apply a dynamic approach to mission planning. 

Development on the AutoSurvey Planner 
began in 2001 to provide realistic survey simulation 
capabilities to survey plarmers. The development 
team from NRL, C&C, and PSI are working to 
supply NAVOCEANO's Survey Operations Center 
(SOC) the ability to accomplish dyimmic mission 
planning by incorporating AutoSurvey into their 
current survey planner. This tool will not only allow 
them to create efficient surveys, but will provide 
them the means of viewing and adjusting mission 
parameter before moving tiie mission to the field. 

The first year of development of the 
AutoSurvey Planner will focus on moving the 
processing of data from an interactive mode to a 
batch mode. Previous projects such as the EAN 
simutaor and the ISS-60 transition project both 
involved real-time interaction with operator. The 
proposed concept of how the AutoSurvey Planner 
will operate is to supply mission specifics to it and let 
it process uninterrupted. The batch mode concept is 
necessary due to the potentially long processing times 
that may exist, depending on survey size and grid 
size. 

Current circumstances require that the 
AutoSurvey Planner and the SOC's current survey 
planning software, the Survey Planning Survey 
Tracking System (SPSTS), run on separate machines. 
This is due to the SPSTS being a Windows based 
application and AutoSurvey being UNIX b^ed. 
Future project goals will most likely include an 
AutoSurvey port to Windows. 

In the meantime, the sharing of information 
between systems will be handled by file sharing. The 
AutoSurvey Plarmer requires certain infonmtion 
from the SPSTS system in order to create the mission 
it will run. Necessary input from SPSTS include the 
survey and boundary, the first line to run, and 
bathymetry data. Other mformation necessary for the 
AutoSurvey Planner to run includes vessel and sensor 
specifications, and vessel speed.   These additional 

parametere are all user-settable before the mission is 
run. 

After the AutoSurvey Planner has processed 
this information, tiie resulting data can be exported 
into various file formats for the end users. This stage 
of development has been a prime area of discussion 
as to what formats should be available. Possible file 
formats, may include .asc for ArcView use, ,m for 
MatLab use, or .tiff for viewing the data as images. 
The <tota returned to the SPSTS will include the 
waypoints generated by AutoSurvey, the vessel track, 
sensor data coverage, and the survey statistics. The 
coverage percentage of the survey and hits/bin will 
be available. The survey statistics being returned will 
include the amount of time flie vessel was imide the 
survey bounds, the amoxmt of time the vessel was 
outside the survey bounds during aligimient and 
turns, the total time of the survey, and tiie area inside 
the survey boimds. 

Future goals include fiiU software 
development and NAVOCEANO testing for 2003, 
and a final acceptance test and transition proposed for 
2004, 

V.  NUMERIC RESULTS 

AutoSurvey testing has yielded some very 
promising results since it began in 1997, Most 
recently, comparison tests were run using 
AutoSxjrvey during the SAT for its traiBition to 
NAVOCEANO. The test area for these comparison 
.tests was approximately 110 miles west of Key West, 
FL. The specific survey area was located at 24" 42' 
N, 083° 42'W (northwest comer of survey area), with 
a line length of 6,000m and an area width of 4,000m, 
The depth in the area ranged from 60m to 220m, and 
the area contained a substantial 70m drop-off as well 
as more nominal slopes. The drop-off offered a 
challenge to the system because the grazing angle 
nmde it difficult to get returns across the escaipment. 

%Covei^e Line Lengh 
(m) 

LiiffiLengh 
Savinp 

Ladder 98+ 72556 Ba^line 

Adajtiw 
Paallel 

98.53 59634 18% 

Linear 
Regression 

97.35 46434 36% 

PiecewiK 
Linear 

98+ 50050 31% 

Table t. Results from the comparison tests that were run 
during the ISS-60 SAT, August 2002, near the Florida Keys. 
The Surveys ail had comparable coverage percentages to the 
ladder survey, but at lower time costs. 



The comparison test followed a plan used 
for earlier teste of the same nature. A survey using 
fixed, parallel lines would be created m a baseline 
survey. Comparisons in coverage efficiency and time 
efiSciency would then be nwde with surveys in the 
same area using the three AutoSurvey Une methods. 

The fixed line survey, or ladder survey, was 
based on a swath width estimate of 500m, At this 
line spacing, seven lines were created to complete the 
survey. However, gapping occurred due to a high 
swatii width estimate and in order to fiat the survey, 
additional lines were needed to fill in the area. Also, 
the 70m drop-off is clearly visible using this fixed 
line method (Fig. 6), Wifliout the additional lines, 
coverage percentage for this survey was 95.18%. 
Filling in the survey area with four additional lines 
increased the coverage percentage to over 98%, but 
also increased the total line length to 72,556m, 

Using the ladder survey m the baseline, it is 
clear to see how all of the AutoSurvey line methods 
offered some level of improved performance. The 
AP method used 9 lines and a total line length of 
59,634m to provide a coverage percentage of 
98.53%. Fig, 7 shows how well the AP method 
handled the 70m drop-off, clearly provmg itself as 
the method of choice for these conditiom. Table 1 
shows the comparisom of percent coverage, total line 
length, and timesavings for each of the four methods 
used. 

In flie summer of 2002, die BAN simulator 
was used to run several simulated surveys of the East 
Flower Garden Bank area. The E^t Flower Garden 
Bank area is located approximately 110 miles south 
of the Texas/Louisiana coastline. It is an area 
composed of coral reefs and salt deposits that ranges 
in depth fi-om 18m to 140m, and offers feirly steep 
contours in some areas and features such as sea 
mounts in other are^. Results fi-om these 
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Fig. 8 EAN simulator results from a series of surveys in the 
East Flower Garden Bank area. Notice the tight group for the 
PL method, showing how consistent the method can be. The 
fixed line surv^ was based on the swath width related to the 
minimum depth (18m), which allowed the extreme difTerences 
in surv^ times to exist. 

simulations were collected and used for similar 
comparison testing. 

Using the EAN simulator, a total of 14 
surveys were ran to demonstrate how the different 
line running methods of AutoSurvey were affected by 
orientation. Because of the extreme changes in depth 
due to the many features in flie area, we were also 
able to evaluate how efficient AutoSurvey can be in 
extreme situations. Each of the three line generating 
methods (AP, LR, and PL) were ran using four 
different starting orientations to the survey area; east- 
west, north-south, west-east, and south-north. Also, 
two surveys were run using fixed parallel lines, one 
with north-south orientation and the other with e^t- 
west orientation. The area for all surveys was 4000m 
X 4000m, and all survey shared the same parameters. 
The surveys used a coverage percentage of 100%. 

The line spacing for the fixed parallel 
surveys were based on the minimum depth of the 
survey area, and the angular sector of the multi-beam 
sonar. Since the extreme extern side of the survey 
area included the seamounts, the line spacing WM 

18m and offered dramatic differences in method 
results. When comparing the AutoSurvey results with 
the pre-planned results of the same orientation, tiie 
efficiency of AutoSurvey was clear. The pre-planned 
survey required a total of 28 lines to complete the 
survey, and the total survey time was over 6 hours 
inside the survey bounds. In comparison, the AP 
method required 15 generated lines to complete the 
survey in 4.45 houre, and the LR method required 10 
generated lines to complete the survey in 2,66 hours. 
The PL method resulted in nimibers similar to the LR 
method. The same type of results occurred with a 
north-south orientation. 

Fig. 8 shows a scatter plot for this series of 
surveys. It displays the results of the individual 
surveys by measuring the time spent inside the 
survey bounds and the percent of coverage of each 
survey. The fixed parallel surveys were the basis for 
the nominal survey time, and the other line nmning 
methods were displayed m a percentage of that 
nominal time needed to complete the surveys. The 
extreme reduction in survey time when switching line 
methods fi-om the fixed parallel method is due to the 
extreme change in depth in the area, the fact tiiat that 
the fixed parallel survey was hmed on the sWlowest 
depth, and the feet that AutoSurvey is 
environmentally adaptive. 

The scatter plot also shows how orientation 
affects a survey. The symbol for each method that is 
lowest in percent coverage was run with a south- 
north starting orientation, while flie symbol denoting 
the highest percent coverage was run with an e^t- 
west orientation, 

VI. CONCLUSIONS 



AutoSurvey w^ developed to contribute to 
the technology of hydrographic surveys by creating a 
"hands-off", autonomous approach to surveying, and 
to provide a means of surveying more efficiently. Its 
goal is to provide 100% coverage of quality (kta in 
less time by generatuig environmentally adapted 
optimal track lines according to the previous line's 
collected data. 

The chronology of the AutoSurvey 
development includes extensive testing on several 
platfortm including the ORCA, the EAN simulator, 
and vessels in NAVOCEANO's fleet. This testing 
1MS led to many improvements to the system, 
resulting in a very robust and mature set of 
algorithms that has recently been transitioned to 
NAVOCEANO for me in its ISS-60 software. The 
future objectives for AutoSurvey include the 
transition of the AUTOSURVEY PLANNER to the 
SOC for dynamic mission planning, as well m 
transitioning the technology to a survey AUV as part 
of the ONR Autonomous Operations Future Naval 
CapabOities (AO FNC), 
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