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Sonar Noise

Types of noise:

* Cavitation/bubble sweep

e Loss of bottom on outer beams '

e Loss of bottom lock |
e False returns from the water column
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Data Cleaning

Time Consuming and labour-intensive

* Current methods:
* Manual (dot-killing)
* Simple filters
e Statistical filters
e Terrain model binning and filtering
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Processing Challenges

Regardless of method or filter type
* Complex features
* And steep slopes

are problematic....
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Machine Learning for Bathy

@4 aAWS

NVIDIA
* Machine Learning is Good at: + NVIDIA Titan RTX GPU for

* Pattern recognition training the algorithm

* Prediction * AWS cloud GPU service for
day-to-day processing

* Requires an extensive library of training data (feature maps)
 Different data examples

* Training the algorithm is intensive and requires heavy duty hardware
o Using the algorithm is not as intensive
o Cloud based GPU processing is efficient
o Local PC or Server processing is possible if GPU requirements can be met
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Convolutional Neural Networks (CNN)

* CNN is very popular and many libraries are available

Feature maps

Convolutions Subsampling Comvolutions Subsampling Fully connected

e Little published work on 3D point clouds

o Teledyne CARIS is pioneering a 3DCNN for classifying Sonar Noise and more...
o Could it help MAP THE GAPS?
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Sonar Noise Classification Workflow in HIPS

Divide dataset into tiles
Create a voxel grid for each tile

Classify the voxel grid
Map the result back to the points

B w e

Points Voxels
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Step 1.

Data is analyzed and divided into tiles

e Based on number of points
o Low density = big tiles

e and an optional finest vertical resolution

i ﬁe‘%

Analyze

G *“ Point Cloud

"‘i‘ TELEDYNE CARIS

Everywhereyoulook



- TR
Step 2

A voxel grid is created of all points in each tile
* Get the tile points
* Create voxel grid
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Step 3.

Classify the voxel grid

* Send voxels to Al (cloud or local)
o 100 times smaller than full density point cloud

* Receive classification from Al

Voxels

" N TELEDYNE CARIS

Everywhereyoulook



- TR
Step 4.

Map the result back to the points
* Adjust confidence threshold if required
* Apply as filter to dataset
 Points falling inside Rejected voxels are Rejected (like CUBE)

Voxels Points
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Digitize a new profile line,



(®, CARISHIPS and SIPS - [Ch\Users\jparsons\Documents\CARIS\HIPS and SIPSY11.2\50onar Moise Classifier.project] — O *

B File Create Edit View Tools Select Window Help - 8 X
1 K- G A LM~ Mida~r 14 . .
[ | *+ 0.2 = .
& (8] W B[S =X [ - . . Fadp™ -
by # Y- .| ®® v e YT
Layers x] Subset Editor - 30 View E3 Subset Control (x|
A Search Layers Data "
v [ 7 Al Critical Soundings " =¥l (7 HIPS Data
(] % Plymouth2004 Critical Sou... o 3D View
v [ [ AlTrack Lines o 2D View

..... | Reference Surface
..... & CUBE Hypothesis
..... ++ Calibration

..... % Water Column

[#] Plymouth2004 Track Lines
v [] (= All Contacts
[] = Contacts
M MNoisy

#8 Classified and Filtered 50% v Tracline
Project Properties
- } Colours
Search Project [tems
& Search Proje Em | Attributed | Depth
v [ snnar Moise Classifier Colour Mapy Depth .
w ® Data Sources Dept_h Unu:ertaln_t_l,l
= Pl th200d []|Position Uncertainty
' yme Subset Editor - 2D View IHO 5-44
M Moisy IHO 557
78 Classified and Filtered 50% Froject
Yeszel
= " Day
1 | I | | Line
& Project  [Z] Active Track Lines 50.00 7. 100.00 125.00 150.00 175.00 fl | Subset Co.. |Amplitude
Detectiu:un bl ethiod
Selection B Log Viewer Detection Type
Transducer

Line Profile Beam Time  Depth (m) )] Status T.. DpTPUIL.

£

[# Output [ Selection '-:J Log Viewer Cf TPU Analysis

Enable / Disable the display filter Selected: 0 WG5S 84 7 UTM zone 30N [WG24]  1:6765 Planimetric 418854.34 (m) 5579662.94 (m)



(® CARIS HIPS and 5IPS - [C:\Users\jparsonsiDocuments\ CARIS\HIPS and SIP5\11.2\5onar MNoise Classifier.project] — O *
B File Create Edit View Tools Select Window Help - x
1 RO G RQIEMm"MWimar 14 e .
[ | *+ 0.2 = .
& .il ni s, :::. Cas vtﬂ - - - ‘ - h -
kg (] T~ 2, 3p b AT
Layers x] Subset Editor - 30 View E3 Subset Control (x|
2 Search Layers Data "
v [ 7 Al Critical Soundings " 0.0 =¥l (7 HIPS Data
] % Plymouth2004 Critical Sou... 15.0-1 | 30 View
v [~ [#] Al Track Lines 1004 [EEEEEEES 20 View
[#] Plymouth200d Track Lines | [ e e K NN R B | | Reference Surface
v [ @ AllContacts | . %=1 S e T L S | - v &P CUBE Hypothesis
[]® Contacts | B 0 e [ R SR | [w] +&+ Calibraticn
M Moisy | B [ L vyt O S Ry O e e . | - % Water Column
#8 Classified and Filtered 50% v ——Traclina
Project Properties
- : Colaurs
2 Search Project ltems .
d | &ftribute: | Confidence
w [ Sonar Moise Classifier Efenr Rainh
_ olour kap: ~
w B Data Sources F: | Ranbow
= Plymouth2004 O] Minmum 2331 m W
M8 Noisy Subset Editor - 2D View
78 Classified and Filtered 50% [ Reverse colours
— . . - [
< >
| |
& Project  [2] Active Track Lines a0.00 100.00 125.00 150.00 175.00 J Subset Co... [¢] Properties... [y Attributes...
Selection B Log Viewer X ]
Line Profile Beam Time Depth(m) Q Status  T.. DpTPUI. = ﬁl |
< >
[# Output [ Selection ":J Log Viewer Cf TPU Analysis
Enable / Disable the display filter Selected: 0 WG5S 84 7 UTM zone 30N [WG24]  1:6765 Planimetric 418865.08 (m) 5579679.05 (m)




(® CARIS HIPS and 5IPS - [C:\Users\jparsonsiDocuments\ CARIS\HIPS and SIP5\11.2\5onar MNoise Classifier.project]

— O >
B File Create Edit View Tools Select Window Help - B X
N KO- G QAQ LG ~MW A~ | L 'y .
| *+ 02 = .
f B % B[S o ] - . . - h .
g v X %5 A v @ ol Ter | DI S &lep .
Layers x| Subset Editor - 20 View B sSubset Control B
2 Search Layers Data "
v [] %4 Al Critical Soundings ) —--- HIPS Data
[] % Plymouth2004 Critical Sou... = 30 View
v [V All Track Lines e 20 Wiew
[#] Plymouth200d Track Lines | [ e e K e WSS o B | [l 7] Reference Surface
v [ @ AllContacts | Y. %=1 S - e T L I | - v &P CUBE Hypothesis
[]® Contacts | B 0 [ [ R SR | [w] +&+ Calibraticn
MH Moisy | B [ R L vyt O S Ry [ e e . | - % Water Column
#8 Classified and Filtered 50% W il Trackinn
Project Properties
- : Colours
2 Search Project ltems )
i | Attribute: | Confidence
v [@ Sonar Moise Classifier Colour M o~
_ olour Map: ~
w ® Data Sources P- | Ranbow

= Plymouth2004
M Moisy Subset Editor - 20 View

78 Classified and Filtered 50%

1 Minimum 22391 m N

[ Reverse colours

—. . - -
< >
| ' | '

& Project  [2] Active Track Lines a0.00 7. 100.00 125.00 150.00 175.00 @l Subset Co.. [ Properties... [y Attributes...
Selection Bl Log Viewer X ]
rofile Beam Time Depth(m) /T Moise Confidence Status .. DpTF™ ==l 2] |
1,785 8 2004-08-04 0%:42:43.843 -3.674 0 99  Reject (Area Filter) 4.,

1,785 9 2004-08-04 0%:42:43.843 -3.674 0 99  Reject (Area Filter) 4.,

1,784 8 2004-08-04 0%:42:43.703 -3.674N\ O 99  Reject (Area Filter) 4./ 7

< >

[# Output [ Selection ":J Log Viewer Cf TPU Analysis

Set the cursor in automatic edit mode Selected: 0 WG5S 84 7 UTM zone 30N [WG24]  1:6765 Planimetric 418836.13 (m) 5579444.57 (m)




@ CARIS HIPS and 5IPS - [ChUsersjparsonshDocurments\CARISVHIPS and SIPSV11.2%5cnar Moise Classifier.project] — O *
m File Create Edit View Tools Select Window Help - 8 X
2 3 RO @G IRQIBEM WA~y (L] ||l .
BOS IR Ve roe [,
& & % S = ™ Filter Processed Depths x | e | | -
35 | v % *§ &xmﬁﬁ’ulﬂl . -
nput scurce: | Subs =
Layers x] g E3 Subset Control (x|
£ Search Layers | Filter type: Moise Confidence - Dt -
Options:
v [ 7 Al Critical Soundings ~ i =M (7 HIPS Data
O 7 Plymouth2004 Critical Sou... ¥ Protective Radius (7] 3D View
v [ All Track Lines Protective Radius ] T m b 20 View
% i . . T o T N = - - | [ Ref Surf
Plymouth2004 Track Lines Protective Radius Designated L] M H ErEncE Su EFE
v [ ® AllContacts | | [SOSEEEESES—— < $Z000090909000 | . v &P CUBE Hypothesis
[] = Contacts Protective Radius Examined o | e W] +#+ Calibration
Ml Noisy Protective Radius Qutstanding [ | A | ¢ Water Column
\/ 1 H l:\-'o Bl Trarlinn
78 Classified and Filtered 50% Include Rejected 0 .
Proiect . Properties
rope * Confidence
- Colaurs
2 Search Project ltems .
: Threshold (] 50 % Attibute: | Confidence
w [ Sonar Moise Classifier Efenr Rainh
olour kap: ~
v B Data Sources F: | Ranbow
2 Plymouth2004 (1 Mirimum 2331 m N
M8 Noisy Subset Editor - 2D Vie Or |
78 Classified and Filtered 50% FETEE EOlnUE
— .. . - . v
< >
w Project [ Active Track Lines J Subset Co... [¢] Properties... [y Attributes...
Selection X ]
rofile Beamn Time Depth(m) Q MNoise Cancel Apply
1.,.?85‘ g 2004-08-04 05:42:43.843 -3.674 0 o TOC[CCL R od T ICET] o
1,785 g 2004-08-04 09:42:43.843 -3.674 0 99  Reject (Area Filter) 4.
1,784 & 2004-08-04 09:42:43.703 -3.674 0 %9  Reject (Area Filter) 4.
<
[# Output [ Selection '*:}L-:ug Viewer @ TPU Analysis
Set the cursor in automatic edit mode Selected: 0 WG5S 84 7 UTM zone 30N [WG24]  1:6765 Planimetric 418836.13 (m) 5579444.57 (m)




@: CARIS HIPS and 5IPS - [ChUsersjparsonshDocurments\CARISVHIPS and SIPSV11.2%5cnar Moise Classifier.project]

m File Create Edit View Tools Select Window Help
s 1 RO @G aQaQIiMm~Wima~r A ||l | .
- | 02 5,
& (8] W B[S | &= | | Filter Processed Depths X
g v X § A v ® v HalM
Input source: | Subset =
Layers x]
£ Search Layers | Filter type: Moize Confidence hd
Options:
~ [] % All Critical Soundings ) -
(] 7 Plymouth2004 Critical Sou... ¥ Protective Radius
v [~ All Track Lines Protective Radius ] =)
Eibvumesaeat DN v s Protective Radius Designated L]
~ [] = all Contacts
[] = Contacts Protective Radius Examined Ol
Ml Noisy Protective Radius Outstanding  []
A | . . 5 .
.|_| MH Classified and Filtered 50% Include Rejected
Sl * Confidence
2 Search Project ltems
- — Threshold . 20 %
v [@ Sonar Moise Classifier
v B Data Sources
= Plymouth2004
8 Noisy Subset Editor - 2D Vie
M Classified and Filtered 50%
+ Project  [&] Active Track Lines
Selection
¥ (m) X (m) Project Wessel Day Cancel Apply
L4 >
[# Output [ Selection .‘yLDgUiE"NEF @, TPU Analysis
Show / Hide the 2D Subset View Selected: 0 WGES 84 7 UTM zone 30N [WG24] 1:6836

& |l .

20.0

15.0

10.0

[

Planimetric

— O >
- b
Fadp™ I .
B sSubset Control x|
]
Data
= 7 HIPS Data
- a0 Yiew
o 20 View

..... | Reference Surface
..... & CUBE Hypothesis
..... [w] +#+ Calibration

..... % Water Column

B Trarkinn

Properties

Colours
Attribute: | Confidence

Colour Map: | Bainbow
[ Minimum | 2.351

418702.49 (m)

m

[ Reverse colours

5579239.36 (m)

J Subset Co... ] Properties... [ Attributes...




Selected: 0

WG5S 84/ UTM zone 30N [WGE4]

1:7106

Planimetric

@ CARIS HIPS and 5IPS - [ChUsersjparsonshDocurments\CARISVHIPS and SIPSV11.2%5cnar Moise Classifier.project] — O *
B File Create Edit View Tools Select Window Help - B X
e A1 @G RQ B~ WA~y "L |l |7 .
OS5 %] | 02 |3
FE IS & | K. Ay'as Fadp™ || .
kb5 | N} | Y ] i &2 & ml .
Layers x] Subset Editor - 30 View E3 Subset Control (x|
2 Search Layers Data "
v [] %4 Al Critical Soundings —--- HIPS Data
[] % Plymouth2004 Critical Soundi... = 30 View
v [V All Track Lines e 20 Wiew
Plymouth2004 Track Lines | | SSSEREIIEE T N 1Y R ]t I S | IF| Reference Surface
~ [] ‘= All Contacts 104 . R e g v &P CUBE Hypothesis
[] ‘= Contacts A D . . [w] +&+ Calibraticn
M MNoisy o DO e T e R e SN s S % Water Column
MA Classified and Filtered 50% ' il Trackinn
Project x| Properties
Commrtn Drmimn N Colours
£ Search Project ltems | Atribute: [ETTIR
v [@ Sonar Moise Classifier
- Colour Map: | Rainb &
v B Data Sources P: | nanbow
= Plymouth2004 O] Minmum 2331 m W
M Moisy Subset Editor - 20 View B
R I
Y8 Classified and Filtered 50% BT
W
ﬁm* < M1 s - E
J J J | -
w Project [ Active Track Lines 5.00 125.00 150.00 173.00 z00.00 EE._.,I:I]Z[U J Subset Co... [¢] Properties... [y Attributes...
Output x| Log Viewer B
5= 24 |
[# Output [} Selection ':,’J' Log Viewer Cf TPU Analysis
5579708.64 (m)

4132879.02 (m)

Commit changes to all open layers.



W7 File Create Edit
e I KA1
BG5S %] |
@ & A <] |
Layers
B Search Layers

v [ %4 All Critical Seundings
(] % Plymouth2004 Critic
v All Track Lines '
Plyrnouth2004 Tracl
~ [] = All Contacts
] = Contacts
-] Moisy
[~1 MH Classified and Filtered 5

Project
£ Search Project ltems

w [@ Sonar Moise Classifier
v B [ata Sources
» = Plymouth2004
> MH Moisy

> MH Classified and Filtered 50%

View BIGIEN Select  Window Help
.é_ Measure Distance and Angle

Begister
Run Process Model...

2D Flight Path

Editors

Report

Automatic Boresight Calibration...
HIPS and SIPS

Coverages

SIPS Mosaics

Profile

Eeatures

Modules

Options

= Project  [Z] Active Track Lines

@ CARIS HIPS and 5IPS - [ChUsersjparsonshDocurments\CARISVHIPS and SIPSV11.2%5cnar Moise Classifier.project]

— a X
- 8 X
AL AN || .
| | Use current layer  ~ =) -
L %% vl & D2
‘ Properties - Project B
|P Find a property |¢'

Drata Filters
Compute

Sound Velocity Correction (Kongshberg)...

Create HIPS Veszel File from Data...
iGeoreference Bathymetry...
Sonar Moise Classifier...

Mavigation

Bearn Pattern

» U Attitude...

» ‘b Swath...

El Log Viewer

relect a layer or project item to view its properties

Properties - Project [ Attributes - Plymo...
B

[# Output [} Selection

Select the layer to use as the snap/grab target.

4 Log Viewer G TPU Analysis

Selected: 0

WG5S 84/ UTM zone 30N [WG24]  1:5000

Planimetric

418698.61 (m) 5579698.74 (m)




@ CARIS HIPS and 5IPS - [ChUsersjparsonshDocurments\CARISVHIPS and SIPSV11.2%5cnar Moise Classifier.project] — O *
m File Create Edit View Tools Select Window Help - 8 X
o 1 Ko @G IRQU{EM W (a~r L |l |7
I:gl- @. |‘b | | o -\@: 0.2 E . $,| | | Use current layer - | |
rl M [ ] [ | = |2 1 'm Filter Processed Depths x i | | | .
Layers B Properties - Project B
Input : | uth2004 Track Li w7
B Search Layers | nput source | lymo fack Hines | | 2 Find a property |ﬂ~
v [] % All Critical Soundings ” Filter type: |Nmse Confidence '|
[ 1 % Plymouth2004 Critical Sou... Options:
W All Track Lines v Protective Radius
e on I OO Protective Radius ] =1 (i ™
~ [] = All Contacts
[] = Contacts Protective Radius Designated ]
M8 Noisy Protective Radius Examined ]
[] M Classified and Filtered 50% 7
. & Protective Radius Cutstanding L]
P"-”Jﬂ; — B| Include Rejected elect a layer or project item to view its properties
£ Search Project ltems v Confidence
v [@ Sonar Moise Classifier L . . o
v % Dats Sources Threshold . 0%
» = Plymouth2004
> MH Moisy
> MH Classified and Filtered 50%
= Project  [Z] Active Track Lines Properties - Project [ Attributes - Plymo...
BT .
oKk || Cancel
I
[# Output [} Selection 'y Log Viewer Cf TPU Analysis
Select the layer to use as the snap/grab target. Selected: 0 WG5S 84 7 UTM zone 30N [WG24]  1:5000 Planimetric 418698.61 (m) 5579698.74 (m)




Performance / Accuracy

* >97% “real” points retained
* ~“95% noisy points classified

ﬂ“ TELEDYNE CARIS
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Reducing Processing Times

Shallow Survey 2015 Demo Dataset

 Collected using Teledyne Seabat T20P
* Approx 175M soundings

* 44 line km of survey

* Roughly 9 2 hours online survey time

“i‘. TELEDYNE CARIS
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Time Trials

* Time trials (N=1, HH:MM)

Workflow ___|Automatic _Manual ___lTotal ____|_Acauisition/Processing

moo:oo T .
in Model
S 0029 02:30 02:59 1h/20m
Filtering
Al Noi
o 00:20 00:35 00:55 1h/6m
Classifier

“i‘. TELEDYNE CARIS
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Other CARIS Al Initiatives

Detection (Gavia)

e

« Topo Bathy Lidar (Optech)

AW TELEDYNE CARIS
Everywhereyoulook™



Mapping the Gaps

e Option to apply Al when contributing bathy data (e.g. DCDB website)

* Run data through Cloud based Al algorithm for noise removal
o Providing data processing consistency

» Streamline data integration into regional and / or GEBCO grid
* Potential to use Al to make legacy data consistent

* Develop a “community” to further train the Al algorithm
o Incentivize

"“ TELEDYNE CARIS

Everywhereyoulook



Thank You
Questions?

@hydrohogg

TELEDYNE CARIS

Everywhereyoulook
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