Eval uati ng SHOALS Bat hynetry usi ng NOAA Hydr ographi ¢ Survey Data
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ABSTRACT

Approxi mately 22 square nautical mles of the NOAA hydrographic survey
OPR-J343-M (Approaches to Tanpa Bay, FL) were surveyed with the SHOALS
system The SHOALS depths are conpared to depth data acquired by the
NOAA Ship MI M TCHELL during a conpl ete singl e-beam echo sounder and
200% si de- scan- sonar hydrographi ¢ survey of the comopn area.

| NTRODUCT! ON

The National Cceanic and At nospheric Administration’s (NOAA) Nationa
Ccean Service (NOS) Ofice of Coast Survey nmaintains and publishes a
suite of over 1000 nautical charts covering the coasts of the United
States of America and its territories. Approximtely 43,000 square
nautical mles of this 3.5 nmillion square nile area have been identified
as “critical” and in need of a contenporary hydrographic survey. NOCS
presently operates three hydrographic survey ships and two shore-based
field parties. In order to effectively carry out the NOAA charting

nm ssion, NOS al so contracts hydrographic survey work out to private
conpani es. Additionally, NOS pronotes the devel opnment and availability
of new technologies to increase the efficiency and effectiveness of its
survey nission execution. Lidar bathynetry is one such technol ogy that
NOS has been involved with since the 1970s.

Airborne lidar bathymetry is attractive for hydrographic surveying
because of its utility and its potentially high rates of area coverage.
NOS becane involved with the U S. Arny Corps of Engi neers (USACE)
Scanni ng Hydrographi c Operational Airborne Lidar Survey (SHOALS) system
in 1988. Many of the SHOALS systenis depth analysis algorithnms were
devel oped by the NOS O fice of Coast Survey Nautical Charting

Devel oprment Laboratory. |In an effort to characterize the SHOALS system
as a real hydrographic surveying tool, NOSis in the process of
conducting lidar surveys in hydrographic project areas that have been
recently surveyed by NOAA-proven vertical beam echo sounder and side
scan sonar technol ogy. This paper describes one such overlappi ng survey
conducted in the Approaches to Tanpa Bay, FL

Survey Location

Two sites were planned to be surveyed with the SHOALS system (1) An
area | ocated approximately 8 to 12 nautical mnmiles west of the entrance
to Tanpa Bay, FL, and (2) an area inside Tanpa Bay, just east of St
Petersburg, FL (Figures 1 & 2). Only the offshore area was conpl et ed.
The water clarity of the area selected inside Tanpa Bay was not adequate
to conduct |idar hydrographic surveying operations. Both of the planned
areas are part of the NOAA Ship MI M TCHELL’ s 1995 survey project,
OPR-J343. The primary traffic in the area consists of various
conmer ci al ships, tugs and barges, fishing vessels, and recreationa

boat s.
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Figure 1 - Area of MI' M TCHELL project OPR-J343

surveyed by the SHOALS system
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The SHOALS systemis designed for use froma helicopter or other
aircraft at altitudes ranging from200 to 1,000 neters. The systemis
capabl e of nmeasuring water depths fromapproxinately 1 to 40 neters,
dependi ng on water turbidity. Airborne system conponents include a
Nd: YAG (neodym um doped: yttrium al um niumgarnet) |aser transmtter &
receiver with a programuabl e scanner mirror; a differential globa
positioning system (DGPS) unit; an inertial reference sensor; a system
to provide the pilot with real-tinme navigation guidance; a multi-
processor conputer systemto acquire, initially process, and store al
sensed depth data, as well as systemtinme and platform position and
attitude; and a status panel to allow the on-board operator to nonitor
system paraneters and confirmthat valid data are being collected. A
ground- based data processing system produces a quality-checked, tide-
corrected depth data set.

A NOAA Aircraft Operations Center Bell 212 helicopter with extra high
skid gear served as the platformfor the Tanpa SHOALS project. A series
of parallel flight lines oriented east-west and spaced 80 neters apart
were run at an altitude of 200 neters and at a speed of 50 knots. The
programmabl e scanner-mrror reflected the Nd: YAG 200 Hz | aser pul ses at
a constant 20 off-nadir angle, tracing a back-and-forth 100-neter w de
swath pattern forward of the helicopter, with an effective sounding grid
pattern of 4 neters x 4 neters (Figure 3).
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Figure 3 - A series of SHOALS flight |ine swaths.
Scanned swath soundings are nmade on a 4mx 4mgrid



Over 5.5 nmillion lidar depths were acquired in the 22 nnf survey area
during April 3, 7-9, and 18, 1995, with 12.2 hours spent in actua
surveying (Figure 4).

I S —— = = — - = o= -
: ‘ \ T, -
Rl
£ - H - E L _-,ﬁﬁ‘
3
=%
[
|- N ¥ e
: . o ﬁ n'_, = -
i ] SE ﬂ; o . | [
_-— ;e TIELD = .
& £ B e = .
2 L3 iy = ; -_"*“md . a2 c':'
‘ - - 2 .-"‘m-_ e ,
= . ra :
. . 1 d & - ﬂ-"ﬂ'—
- A r ¥ 1
- -
N + ] . I
L 208 .
- sl -
I'I:n
o
S oy L
B L.
[ s
| P
Fl . . . . . . i . T
| TN |
e _ | Il } £l i
= - - s - = = I L J

Figure 4 - The series of parallel flight |line swaths farniﬁg
the SHOALS area coverage; void areas are due
to rejected data and water clarity problens

NOAA Ship MI M TCHELL surveyed the SHOALS area with vertical - beam
acousti c soundi ng equi pnent and side scan sonar (SSS). All hydrographic
soundi ngs were acquired using Raytheon 6000N Di gital Survey Fathoneters
operating at 100 kHz. Soundi ngs were corrected for speed of sound,
vessel static draft, vessel settlenent and squat, and sea action. SSS
operations were conducted using a slant-range-corrected EGG Mdel 260
thermal recorder and a 100 kHz Model 272-T tow fish. Two orthogona
sets of parallel main-scheme survey lines were run at approxinmately 5
knots to achi eve 200% SSS coverage of the bottom (Figure 5). In
sufficiently deep water and relatively cal msea conditions the 100-neter
SSS range scal e was used and adj acent survey lines were run a naxi mum of
170 nmeters apart. Elsewhere, the 75-nmeter SSS range scal e was used and
successive survey lines were spaced no nore than 120 neters apart to
obt ai n adequate coverage. SSS contacts estimated to be 1 neter or
greater in height were investigated further by echo sounder devel opnent
and/ or diver |east-depth neasurenment. Echo-sounder devel opnent was
performed over long and irregul ar | edges and shoal i ng areas using as
dense as 5 nmeter |ine spacing (Figure 5). Over 30,000 soundi ngs were
acquired in the 22 nnf survey area during May through August, 1995.



Data acquisition was internittent due to sea conditions offshore and
ot her survey activities conducted el sewhere on the |arger OPR-J343
project area. Approximtely 24 days were devoted to surveying the
common SHOALS ar ea.

Figure 5 - MI M TCHELL mai n-schenme and devel opment echo-sounder |ines

Both the MI' M TCHELL the SHOALS systemutilized the differentially-
corrected dobal Positioning System (DGPS) for horizontal control. The
MI' M TCHELL survey was conducted in accordance with the NOAA Field
Procedures Manual (FPM requirenents for a 1:10,000 scal e hydrographic
survey: data acquisition operations were conducted under a maxi num
expected position error of 15 neters (1.5 nmat survey scale). The
Tanpa SHOALS flight |ine data was exanined carefully during processing
and sections of data were rejected whenever erratic positioning was
observed. Future NOAA SHOALS projects will be conducted in accordance
wi th appropriate NOAA FPM hori zontal control requirenments

The tidal datumfor this project is Mean Lower Low Water. Predicted
tides on the Cl earwater Beach, Florida tide gauge were used during the
dat a- acqui si ti on phase of each survey. During each survey project, rea
tidal water |evels were observed at the Reddington Long Pier, FL and St
Pet er sbhurg Beach South, FL tide stations to establish a datumfor fina

tide corrections.



DATA ANALYSI S

Al'l depth data fromboth the SHOALS system and the MI' M TCHELL were
corrected for observed tides. At the tine of this conparison, the Mr
M TCHELL data had been field edited only; the data had not passed

t hrough final NOAA verification processes. Witer depths fromthe two
surveys were conpared by napping the MIT M TCHELL point data to a
Triangul ated Irregular Network (TIN) surface created fromthe SHOALS
data. The TIN surface was built using the CARIS H PS Anal ysis and
Presentati on Software from Universal Systens Limted of New Brunswi ck,
Canada. In CARI'S, the TIN nodel is constructed using a Del aunay
triangulation algorithm Each data point in the SHOALS data set forned
a vertex in the piece-wise linear triangul ated surface. A naximm

al | owabl e edge size of 10 neters was specified to prevent the TIN
surface from spanni ng voids or “holidays” in the SHOALS data set.

RESULTS

Figure 6 shows the distribution of the differences conputed between the
MI' M TCHELL acoustic neasurenments and the correspondi ng depth val ues on
the 5.5+ nmllion data point SHOALS TIN surface. The nean is
approximately -7 centineters. The conputed standard deviation is quite
small (0.20 neters). No attenpt was made to estimate the individual
error conponents associated with each surveying nmethod. Assum ng that
the variance of the differences between each survey systems
nmeasurenents and the real bottomare equal, the total error associated
wi th each survey is approximately 0.14 neters.
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Figure 6 - Depth conparison histogram each class interval
bar represents 0.05 m (5 cm



Figure 7 shows the relationship of the conmputed depth differences
(acoustic - SHOALS TIN surface) as a function of depth (acoustic). In
general, the deviation is insensitive to water depth; note the near
unity slope of the linear nodel |east-squares fit between the SHOALS and
acoustically neasured depths shown in Figure 8. The observed deviation
insensitivity with depth is attributed to the minimal |idar propagation
bi ases forned in the extrenely clear water conditions encountered during
t he SHOALS nmi ssi ons.

Depth Difference vs. Single Beam Soundings
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Figure 7 - Depth difference as a function of depth



SHOALS Depths vs. Single Beam Soundings
Linear least-sguares data model
SHOALS depth = 0033 + 1 M12*Slg ke beam depti, R-Sq1and = 0551
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Figure 8 - Conparison of lidar and acoustic data
The residuals (residual = SHOALS depth - linear nobdel) are shown on

Figure 9. Because of the near linear relationship between SHOALS depth
and acoustic depth, the residuals are approximately equal to (-) “Depth

di fference” as conputed in figure 7 (i.e. residual O {(SHOALS full
density TIN) - (acoustic depth)}).

Residuals ws. Single Beam Soundings

Linear least-sguares data model
Reskial = SHOALS depth - lvear mode |

Residuals [m]

Acoustically measured depth [m]




Figure 9 - Distribution of residuals
Figure 10 is a graph of the residuals against the normal probability
di stribution; note how the residuals greater than approximately 0.5
neters depart fromthe straight liney = x. Figure 10 highlights the
fact that a small popul ation of depth differences show a departure from
the bul k of the conparison popul ation. Referring back to Figures 7 and
9 we can see that, relative to the survey area's nean depth, the |arger
positive residuals are primarily |located on the shoaler half of the
survey. Sonme of these residuals nay be attributed to the tendency to
shoal - bi as the echo-sounder data during field editing. Additionally, a
hi gher percentage of soundings were collected in shoal areas--the reader
is renminded that the M M TCHELL data set has not been through fina
verification processing yet and erroneous depths may exist. It is also
possi ble that a portion of the |arge positive residual popul ation may be
due to snmall contacts detected during the MIT M TCHELL survey but m ssed
during the SHOALS survey.

Mormal Probability Plot of Residuals

Linear least-squares data model
Res gl = SHOALS depth - lvedr mode|
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Figure 10 - Normal probability distribution vs. residuals

Obstruction Detection

As mentioned above in the Survey Techni gues section, side scan sonar
contacts estimated to be 1 neter or greater in height were investigated
further by echo-sounder devel opment and/or diver |east depth neasuremnent
during the MI M TCHELL survey. A total of 18 obstructions were

i nvestigated by M M TCHELL divers. 15 of these 18 obstructions are

| ocated in areas covered during the SHOALS project. 14 of the 15
objects are 1.5 neters or less in height; the remaining itemis a 2.0-
nmet er high coral -covered rock

At the time of witing this paper, the 2.0-nmeter high rock and two ot her
rocks measuring approximately 1.0 and 1.5 neters high were exam ned in
the SHOALS data set. All three rocks were found manually in the SHOALS
waveform signals. Currently the NOS-designed SHOALS wavef orm anal ysi s



algorithmis finely tuned around automatically finding bottomlike
returns in water depths as shallow as one neter. Because of this bottom
ret ur n-wavef orm shape dependence, only large targets will be detected
Each one of the three rocks exanined were too small in their area

extent to trigger automatic detection

Concl usi on and Renar ks

Several inportant insights regarding the detection of small subnerged
objects with lidar surveying nethods are being | earned fromthe NOCS
Tanpa surveys. As this paper is being witten, the Ofice of Coast
Survey is finishing up a theoretical target detectability study for the
SHOALS system Al one, the SHOALS system should not be expected to
conduct critical hydrographic surveys that require side scan sonar for
smal | object detection. However, SHOALS-only projects will be able to
operate in areas with | ess sensitive snall object detection
requirenents. Results fromon-going target detection studies and data
from Tanpa, FL SHOALS project and others will forman integral part in
determ ning the best mix of techniques with which to acconplish NOAA' s
charting m ssion.

The conpari sons between the Tanpa SHOALS data and t he NOAA- approved
echo-sounder data show that SHOALS neets | HO dept h-accuracy standards.
Apart from general bathynetry, it is difficult to conpare acoustic and

I i dar hydrographi c survey nethods and costs on equal terns. The fact
that the success of lidar bathynetry is very nuch dependent on water
clarity nmust also be kept in mind. NOS has planned a second SHOALS
characterization survey, covering a portion of the NOAA Ship RUDE s OPR-
B302 project in the Rhode Island Sound Corridor. However, since |ate
July, 1995 water clarity has been insufficient to support I|idar

bat hynetric operations.



