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The difficulties of survey work

Among a few ...

e Boat traffic
 Weather conditions
 Equipment failure

e Personnel issues

e Shallow water

e Currents and tides

e Access to the survey
area restricted

* Low tree canopy T —
restricted GPS coverage Overcoming these challenges can get you data looking like this
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Shallow water survey - A marina in 3m of water

e Although the efficiency of e T — - -
multibeam sonar are limited in PR e S p
shallow water, surveys are still

using this technology

e A survey at a marina was
performed.

e Water depth ranged from 2 i e
meters to a maximum of 5 ey
meters R

A patch test was done at the start
of the survey work



A Patch Test — calibrating your multibeam sonar

e Of the 4 tests needed — Roll, Pitch, Yaw, Latency, each have a specific seabed
topography.

e Roll —flat area — Easy to do, and easy to find

3 lines needed
for patch test

e Pitch, Yaw and Latency — feature or slope.

Fundamentally, the biggest issue to worry about is positioning (your GPS).
However, this presentation will go a bit further into the analysis, and examine
the relationship between swath size, positioning error and angular resolution
determined by a Patch Test, and examine running these tests in a river.
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A Patch Test — calibrating your multibeam sonar

A few facts:

e Asingle beam sonar does not need a calibration done. It’s a single point directly
under the transducer

e Multibeam sonars need a calibration of the Sonar (to IMU) due to its swath
coverage.

A Patch Test will resolve

e The Roll, Pitch and Yaw mounting angle. The measurement angle is from the multibeam to MRU and
to the heading of the boat. Will lead to both depth and position errors

The results are impressive. Just 2 degree of roll will cause this type of error
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Roll, then Pitch, then Yaw....

* The roll test worked perfectly. Timing was fine, and a flat
bottom produced a nice result

* The shallow water — small swath issue was not impacted, as the
reciprocal lines used still had a swath of 10 meters of coverage

Patch Test in
Sonarwiz bathymetry
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And then we come to the Pitch test...

The Pitch angle is determined with a feature ﬁ.,&
of bottom slope.
Problems come with position, with the

value you are looking for falls within the
error of the positioning system

A test for using pilings, with a

You’ll need a very good positioning system diameters of 30 cm, the results

were difficult to resolve

and a very distinct feature

Bottom slopes will probably not work. A
feature or defined sand waves will work
best
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Position error

e Resolving Pitch to 0.5
degrees in 3 meters of
water requires a position
accuracy of 2.5cm

e Resolving Yaw to 0.5
degree in 3 meters of
water requires a position
accuracy of 3.9cm

Error margin for DGPS 50cm (best case)

v

Error margin for RTK 3cm (best case)

/

Horizontal shift for
resolving 0.5 degree of
pitch in 3 meters of water




Pitch Test — a few numbers

Water depth 0.5 degree 1.0 degree 2 degree 3 degree 5 degree
2 6.9 cm 10.4 cm 17.4 cm
4 6.9 cm 13.9cm 209 cm 34.8cm
6 5.2cm 10.4cm 20.9cm 31.4cm 52.2 cm
8 6.8 cm 13.9cm 27.9cm 41.9cm 70cm
10 8.7 cm 17.4cm 34.9cm 52.4cm 87 cm

Water depth x Tangent (pitch angle) = Bottom movement

A decent GPS will resolve to 2 meter. DGPS will get 50 cm (best case), and RTK

will get you to the sub decimeter value (5cm).
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Yaw test — a similar exercise to determine error

Water depth 0.5 degree 1.0 degree 2 degree 3 degree 5 degree

2 10.4 cm 15.7cm 26.2 cm
4 10.4 cm 20.8 cm 31.4cm 52.4 cm
6 7.8cm 15.6cm 31.2cm 47.1 cm 78.7 cm
8 10.4 cm 20.8cm 41.6 cm 62.8 cm 1.04 m
10 13 cm 26.1cm 52.3cm 78.6 cm 1.31m

(0.5 x Swath width) x Tangent (yaw) = Horizontal shift

Where swath width =3 x water depth (nominally)

Results in: horizonal shift = 1.5 x Water depth x tangent (yaw)
—dl
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To Test or Not

 We shouldn’t just ignore a patch test in shallow water. But we need to
be aware of the limitations.

A few simple steps that might help:

* Always seek to do the Patch Test is the deepest water. Unlike a SV cast
which needs to be done in the survey area, the Patch Test can be done
anywhere, and stays the same unless you move the sensors

e Use a feature rather than a slope. Resolving the errors will be easier,
and gradual slopes are not very effective

 Run multiple tests, in the event GPS outages or Satellite configurations
degrade positions further

NARWILZ



Patch Test - water depth more than 10 meters

Adding just a little more water will make a huge difference

Water depth 0.5 degree 1.0 degree 2 degree 3 degree 5 degree
2 6.9cm 10.4cm 17.4cm
4 13.9cm 20.9cm 34.8cm
6 5.2cm 10.4cm 20.9cm 31.4cm 52.2cm
/ 8\ 6.8 cm 13.9cm 27.9cm 41.9cm 70 cm
\ IP / 8.7cm 17.4cm 349cm 52.4cm 87 cm
A test in 15 meters of water results in
Water depth 0.5 degree 1.0 degree 2 degree 3 degree 5 degree
15 12.8 cm 25.5cm 51.0cm 76.5cm 1.27m
Somewhat easier with DGPS (it will work with RTK)
7
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Patch Test over rocky area — 15 meters

Rock features align perfectly, resolving angles to 0.1 degrees

Calibration Control
Data Type: Bat L \

Vessel: [ ~]

R2Sonic 2024 400 kHz
Calibrating for Pitch

Calibration Step Size [0:50 Settings...
8.40 [-100 [11:60
Min New Max

Automatic Calibr

ion

Pitch (ch 0) | Color | Survey lines compared

I 025_1028_HSX\026_0939_HSX
028_1028_HSX\026_0935_HSX
028_1028_HSX\025_0950_HSX
026_0939_HSX\026_0935_HSX

- 026_0939_HSX\025_0950_HSX
026_0935_HSX\025_0950_HSX

Calibration Values

Calibration type | Vessel | New

Roll (ch 0) -3.570 -3.570
Pitch (ch 0) 1.600 -1.900
Heading (ch 0) -3.250 -3.250
Latency (ch 0) 0.000 0.000

Save Clear Clear All

Color | Survey lines compared

I 022_1009_HSX
023_1005_HSX
024_0958_HSX
025_0950_HSX

- 026_0935_HSX

< >

~

v

/' Calibrating Bathymetry Pitch for C:\SonarWiz-Projects\costa rica\costa_rica

———erer—————— S— - — S —
Mon Feb 25 14:13:25 2019: CBathyDataManager :MiniMergeFast: 3503 processed 5921 recs in 687 ms (complete reprocess)
Mon Feb 25 14:13:25 2019: MiniMergeFasl() m_cachedRecs size 5921 (213.29 Mb)

Mon Feb 25 14:13:26 2019: MiniMergeFast() m_cachedRecs size 5921 (213.29 Mb)

Mon Feb 25 14:13:26 2019: CProcessBathy. MiniMergeFast TotalTime: 657 ms

Mon Feb 25 14:13:26 2019: CProcessBathy: MiniMergeFast m_cachedRecs size() = 5921

Mon Feb 25 14:13:26 2019: CBathyDataManager::MiniMergefast:3503 processed 5921 recs in 672 ms (complete reprocess)
Mon Feb 25 14:13:26 2019: CProcessBathy: MiniMergeFast TotalTime: 671 ms

Mon Feb 25 14:13:26 2019: CProcessBathy: MiniMergeFast m_cachedRecs size() = 5921

Mon Feb 25 14:13:26 2019: CBathyDataManager::MiniMergeFast:3503 processed 5921 recs in 671 ms (complete reprocess)
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When we have enough water... Survey obstacle 2
- Sand Wave Analysis

Sand waves are often be found on the seafloor. In some cases, they will
make a good case for a Pitch Test. Yet, we can’t always depend on the test
results. Often, these ripples look the same (magnitude and frequency)

Data Acquisitio Post Processing | Bathymetry Maps  \View Tools Help Shde = Abay
F 8 M v T H = i
g LA Ed y (M M L [H Y p—
Lo H e R | O Q
) ] i X o v | Ly H v J
| Import Playback file Export Nadir QOrder Contact Capture Contact  Feature Add  Feature Sub-bottom Magnetometer Characterization
1 - T v - Manager Contact Tools ™ | Manager Feature ¥ Tools ¥ ¥ v ¥

b OHAREO NEZAMRG M <

don | @ ™

NARWILZ



Sand Wave Analysis

#+ Calibrating Bathymetry Pitch for C:\SenarWiz-Projects\sand wave patchl\sand_wave_patch

Calibration Control
Data Type:
Vessel:

Generic (Single Channel)

Calibrating for Pitch

Calibration Step Size [0.50 Settings...
-8.50 1.50 11.50
Min New Manx

Automatic Calibration

| Color | Survey lines compared

I | < 2

Calibration Values

| Calibration type | Vessal | New
Roll (ch 0) -0.850 -0.850
Pitch (ch 0) 1.500 1.500
Heading (ch 0) 2.500 2.500
Latency (ch 0)  0.000 0.000
L4 >

Save Clear Clear All

g ———yT

essed 003_1251_HSXin 78 ms and added 142 records

FrMar 1 14:44:53 2019: Found 197 records in polygon

FriMar 1 14:44:53 2019: 003_1253_HSX: No tide processing

Fri Mar 114:44:53 2019: DB ERROR (CBathyDatasetBase). ermum 1 >SQLITE_ERROR[1] <

FriMar 114:44:53 2019 m_cachedRecs size 242 (828 Mb)

Fri Mar 1 14:44:53 2019: CProcessBathy MiniMergeDataset TotalTime: 47 ms
r 20 : e o) oD o

Color | Survey lines compared

[ 003_1251_HSX Fri Mar 114:44.53 2019: MiniMerge pr
003_1253_HSX

Sand ripples almost in
alignment.

Let’s run a Pitch Test to get
it perfect
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Sand Wave Analys

#+ Calibrating Bathymetry Pitch for C:\SonarWiz-Projects\sand wave patch\sand_wave_patch

Calibration Control
Data Type:
Vessel:

Generic (Single Channel)

Calibrating for Pitch

Pitch of 4 degrees, shift

Automatic Calibration

the sand waves almost
half a wavelength

: Color | Survey lines compared
003_1251_HSX\003_1253_HSX

Calibration Values

j Calibration type | Vessel | New

Roll {ch 0) -0.850 -0.850

Pitch (ch 0) 1.500  4.000

Heading (ch 0) 2.500 2.500

Latency (ch 0) 0.000 0.000

< >
Save Clear Clear All

339 racs in 47 ms (complete reprocess)

e ——
Fri Mar 1 14:45:57 2019 CBathyDataManager MiniMargeFast: 3503 proc
Fr Mar 1 14:46:00 2019: MiniMergeFast() m_cachedRecs size 339 {11.70 Mb)
Fri Mar 1 14:46:00 2019: MiniMergeFast() m_cachedRecs size 339 (11.70 Mb)
Fri Mar 1 14:46:00 2019: CProcessBathy: MiniMergeFast TotalTime: 47 ms

Fn Mar 1 14:46:00 2019: CProcessBathyMiniMergeF ast m_cachedRecs size() =
Fri Mar 1 14:46:00 2019: CBathyDataManager:MiniMergeFast: 3503 processed

4 20 - o i Cihd _ .

: Color | Survey lines compared
003_1251_HSX
003_1253_H5X

39
9 recs in 47 ms (complete reprocess)
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Sand Wave Analysis

#+ Calibrating Bathymetry Pitch for C:\SonarWiz-Projectsisand wave patch\sand_wave_patch

Calibration Control
Data Type:
WVessel:

Generic (Single Channel)

Calibrating for Pitch

Calibration Step Size [0.50 Settings...
-8.50 [-8.00] 11.50
Min New Manc

Automatic Calibration |

: Color | Survey lines compared
003_1251_HSX\003_1253_HSX

Calibration Vialues

Calibration type | Vessel | New
[Rall (ch 0) -0.850 -0.850
Pitch (ch 0) 1.500 -8.000
Heading (ch 0) 2.500 2.500
Latency (ch 0) 0.000 0.000

< >
Save Clear Clear All
[ cator Survey lines compared O —
| 003_1251_HSX FriMar 114:4519 2019
003_1253_HSX FriMar 114.45:19 2010

Fri Mar 1 14:45.19 2019
Fri Mar 1 14:45:19 2019
FriMar 114:4579 2019
Fri Mar 114:45.19 2019

CPro Bathy MiniMergeFast TotalTime: 31 ms

CProcessBathy-MiniMergeFast m_cachedRecs size() = 339

CBathyDataManager. MiniMergeFast. 3503 processed 339 recs in 47 ms (complete reprocess)
CProcessBathy-MiniMergeFast TotalTime: 31 ms

CProcessBathy-MiniMergeFast m_cachedRecs size() = 339

CBathyDataManager: MiniMergeFast 3503 processed 338 recs in 31 ms (complete reprocess)

e T S e a1 T R e e

Pitch of 8 degrees,
shift the sand
waves almost a full
wavelength



Sand Wave Analysis

Do we really believe the answer is 8 degrees.
It’s very unlikely that is the correct answer.

When using sand waves as a source for a bottom feature, you should
run the survey lines at some angle other than perpendicular to the
sand waves.

You still will run reciprocal lines, but you’ll have a better chance to
distinguish the changes from each set of sand waves.



Where did the images and data come from?

* Chesapeake Technology started in the late 1990’s, primarily for handling
sidescan data.

* In the first decade of business, work was concentrated on sidescan, sub
bottom and utilities for hydrographic and geophysical work.

e Since 2010, a push was made to expand our product line into bathymetry —
multibeam, single beam, lidar.

* The company is based in Mountain View, CA, with 12 employees. The East
coast office was opened in 2019.

NARWILZ



Combining data sets — provides a better overview

of where the data has been collected

Sonarwiz software will
mosaic sidescan and
backscatter data, and when
used with the multibeam
sonar, can create a full data
set for analysis

NARWIZ



Fie [dit Yiew Tooks Add Help

¥ Search

Get Directons Wistory
¥ Places
A My Placer

b ¢ B Sightieeng Tour

4 P
JE

5 £) 30 Buidngs
5@ Ocean
B Westher

# Gallery

Google Earth

W Global fwarnness

¥ Temain

Bathymetry display over background file
(Bay of Plenty, NZ)

Showmacwdmamges  Pemuae 5 5
Bwaps g ringe ] o

] Bhaw baty peantn

St ping s
Vertcal seale forons rach o]
Warua Scaie oo Smu BN e
¥ oo Soale
Gubse: serets
Sete dreesnes 4TI maSEE e

Editing multibeam data

sand_wave_patch.mmi - SonarWiz 7 V7.04.01 x64 Idle

Various way to handle Multibeam Data in SonarWiz

Bathymetry ~Maps View Tools Help
8 M|

003_1251_HSX
003_1253_HSX

Properties 9 x
Bo

General Limits Cells Display

Value
sand 1_DEF w~
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CTiSupport < JRedraw 8
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Adding Lidar to your survey data

Combined data set with
multibeam and lidar




Simple, but effective - Single Beam data

SB_test_LGW.mml - SonarWiz 7 V7.04.01 x64 Idle — O hae
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High Resolution imagery of a pipe

SAS sonar, producing bathy and sidescan data

| #® Chesapeake 3D Viewer - C:\SonarWiz-Projects\sonardyne\XYZ\BF 12_PLEM_May2014_swibicfg m] b4

| File  Real-time Bathymetry View Took Sellings Help

Scene viewer




Sidescan Mosaic

With multiple tools in
Sonarwiz, creating a
full survey mosaic is
easy to do.
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Bathymetry over sub bottom

Combining gridded
bathymetry draped
on top of sub
bottom profiles

NARWILZ
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Part of a oil

/ platform
structure

Bridge footing
(Jacksonville, FL)




Careful out there... Someone is watching us....
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Thank you
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