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1. Fundamentos da Sonografia Sound Edeeodinogs |
N Images
2.Exemplos de aplicagdo a of the

3.Importancia do uso do mapeamento de superficies s ) ‘ Pbrene
submersas '

4. Por que Sonar de Varredura Lateral ?
5.Modelos de SSS no mercado
6. Uso simultaneo de vdérias frequéncias
7.Resolugdo x cobertura
8. Cobertura do Nadir (gap filler)
9. Ultra alta resolugao
10. Aquisi¢ao de dados x interferéncias

11. avancos tecnolégicos WK 8 igh-frequency
Acoustics




GEOFISICA

APLICADA A GEOLOGIA DE
ENGENHARIA E MEIO AMBIENTE
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Reson
Benthos

Applied Acoustics
Hypack

GPS TrackMaker
Outras Revistas

Universidades
CPRM

INVESTIGACAO de

BATIMETRIA

fontes acusticas: ecobatimetros
- single-multibeam + interf. -
(ecocardter, classificadores de
fundo, “backscattering”)

> 30 kHz

PERFILAGEM
Prioridade: resolugao

fontes acusticas: chirp HF,
3.5, 7 kHz e paramétricas

2-20 kHz

INVESTIGACAO de

IMAGEAMENTO

fontes acusticas:
e

batimetria de varredura
(multibeam + interferometria + multifase)

> 100 kHz

PERFILAGEM
Prioridade: penetragdo

fontes acusticas: chirp LF,
boomer, minisparker,
bubblegun e airgun

<2 kHz



SUPERFICIE de FUNDO :

SONOGRAFIA

100-2000kHz | .
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 geologia (mapeamento: geoldgico, habitats...)
e construgdo ou redimensionamento de portos
e hidrovias (rios e areas costeiras)

e operagOes de dragagem, areas de bota-foras

e instalagdo de cabos, dutos e emissarios submarinos
e molhes, marinas, ‘wind farms’, pontes e tuneis
e assoreamento de rios e reservatorios

e construgdo de barragens

e regeneragao de praias

e atividades pesqueiras (recifes artificiais)

e prospecg¢do mineral

e arqueologia subaquatica

14/10/2021

PRA QUE SERVE UM
SONAR DE
VARREDURA
LATERAL?
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INVESTIGACAO de SUPERFICIE

IMAGEAMENTO

fontes acusticas: sonar de
varredura lateral

> 100 kHz *

12



INVESTIGAGAO ACUSTICA DA SUPERFICIE DE FUNDO

IMAGEAMENTO
(6,8,12.)
100, 300,400, Sonar de Varredura
500, 700, 900, Lateral
1600 kHz
13
SONOGRAFIA

15
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Objetivo principal da
imageamento:

Mapear a superficie de
fundo (apenas a
superficie !!)

14

SONAR DE VARREDURA
LATERAL

M,
Souza, 2006 6

FONTE ACUSTICA

> 100 kHz

LEGENDA

EMBASAMENTO

SEDIMENTOS
ARENOSOS

7| SEDIMENTOS
1 ARGILOSOS

COLUNA D'AGUA

CONTATOS
LITOLOGICOS
TOPOGRAFIA

DE FUNDO
DISTANCIA
PEIXE - SUPERFICIE D'AGUA

DISTANCIA
PEIXE - SUPERFICIE DE FUNDO

COLUNA D" AGUA

16



14/10/2021

fonte de sinais ("peixe") s
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3 : =
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largura do feixe
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SONOGRAFIA
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Klein
EdgeTech

MarineSonic
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Fonte: IPT / Servigo
Geolégico do Japdo

SONAR DE
VARREDURA

LATERAL
12 kHz
100 kHz

300 kHz

500 kHz

900 kHz

StarFish 1600 kHz

Sonar de Varredura Lateral — Klein 3000

Imagens cedidas por Garry Kozak Equipamento do IPT adquirido em projeto Finep

28
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Klein 3000 100/500 kHz do IPT
29 30
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Rio Araguaia - Conceicdo do Araguaia A Rio Araguaia —Arauna
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Barco do 10-USP
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37 38

Souza, 2006 6

iyt g > 100 kHz AQUISIQAO
DE DADOS

LEGENDA

EMBASAMENTO

SEDIMENTOS
ARENOSOS

SEDIMENTOS

ARGILOSOS + Objetivo do projeto: resolugao / cobertura
Z‘:::::GUA » Selecao do equipamento: frequéncia/energia/calibragcéo
LITOLOGICOS
vg:oggmm » Operacgéao: programacao das linhas / velocidade da
Pexe " SUpenricie oAcun embarcacao / altitude do peixe (SSS)

DISTANCIA
PEIXE - SUPERFICIE DE FUNDO

J——— + Ambiente: estado do mar / tipo de fundo / interferéncias

39 40
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FA: INCLI DO EIXO central do com relacao a 10 graus

[TEM PEIXE QUE ESTA INCLINAGAO PODE SER ALTERADA - isto eh dagua anguio)
foom coluna dagua muito grande e nao se tem cabo (aumenta-se o angulo)

beta: largura em graus do lobulo prncipal de energia (no meu caso 40 graus)
2= ponto na superficie de fundo onde atinge (ou ideaiment deveria atinglr) ebxo central do lobulo principal de energia
€ CLARO QUE NA PRATICA NUNCA SE CONSEGUE OBEDECER ESTA REGRA - MAS PROCURA-SE SEMPRE!

PARA FAZER Z CAIR NO PONTO DESEJADO, OU SEJA, NO MEIO DO RANGE
LATERAL DESEJADO, BASTA FAZER: RANGE/ALTURA DO PEIXE = 10

NO CASO DE INCLINACAO DO EIXO DE 10 GRAUS E LARGURA

DO SINAL PRINCIPAL DO PEIXE = 40 GRAUS

superficie da ag;ﬁ

horizontal do peixe

lobulo principal de energia ‘
)
~_eixo central do lobulo principal de energia

a superficie de fundo
Tz — =L e

J RANGE LATERAL - DIREITO

41

Target positioning errors are the result of:

1 inaccurate GPS reading
2 incorrect value used for the speed of sound

3 inaccurate pressure (depth) sensor

4 incorrect offset measurement between GPS and acoustic tracking system receiver
5 misalignment of the tracking system to ship's gyrocompass

6 misalignment of the ship's gyrocompass

7 inaccurate towfish compass

misapplied slant range to target calculation

43
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Beam depression set for long-range, deep-water operation

= |

c;/__\s

Beam depression set for shallow-water operations

»>

i

A
l Y O

Some side-scan transducers can be inverted to change the depression angle of the vertical beam. In
shallow-water operations, the use of a greater depression angle reduces surface reverberation.

42

Top view »
e Yaw Direction of
- s *—> travel
’ <
Roll
4
*  Pitch
Facing View
—
ExremmeEEn —

Side view

44
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SI STEH DE REGISTRO

o
TRANSDUTORES
(um de cada lado)

rumo da navegagdo

I

Ia da varregura- 7, 2ol -
/< N2 727 canal direito
o Z

45

Adaptado de Blondel e Murton, 1997 e
David Finlayson (Chesapeake, 2021)

8d A IMPORTANCIA DA
NAVEGAGAO EM LINHA RETA

47
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A IMPORTANCIA DA CORRECAO DA VELOCIDADE DA EMBARCAGAO

e Veloc. normal [ S,

gl Veloc. alta B

.. .. [
«~ T

bl Veloc. normal (B s

Variagdes da distancia OBJETIVO:

GARANTIR IMAGEM

Perfil da

entre os ‘pings’ ao
longo da linha 1:1

46

Adaptado de Blondel e Murton, 1997 e

David Finlayson (Chesapeake, 2021)

velocidade da
embarcacao
Adaptado de Blondel e Murton, 1997 e David Finlayson (Chesapeake, 2021)
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Adaptado de Blondel e Murton, 1997 e
David Finlayson (Chesapeake, 2021)

COBERTURA
IMCOMPLETA

:

COBERTURA
IMCOMPLETA

Adaptado de Blondel e Murton, 1997 e David Finlayson (Chesapeake, 2021)
49 50
Adaptado de Blondel e Murton, 1997 e ~ ~
David Finlayson (Chesapeake, 2021) A IMPORTANCIA NAVEGACAO EM LINHA RET,
Mosaico
- [ ] a Georreferenciado
= - = e X Sem corregéo
~—— XX T a = da trajetoria
6 T S
4
X v E
t
a . navegagao &
a. a . — gag
Tempo Rt movimentos
convertido s
para range f
= L 1 R(t
o : 4
Course Made Good Sensor Heading
51 52
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O que é processar dados de
sonar de varredura lateral?

53

) SBOMETREA 6 CANAL BIRBITIO (VENTA 68 oL )

‘embarcagdo
superficie d” dgua

SONAR ("peixe") - canal direito
coluna d° égua
HP

afloramento
rochoso

superficie de l
fundo N,

DI = distdncia inclinada
B - et oo oA =VET ]
HP = altura do peixe em relagdo ao fundo

REGISTRO DE C AMPO(VISTA DO CANAL DIREITO )

14/10/2021

* embarcagdo
superficie d”dgua

SONAR ("peixe")

afloramento
rochoso

superficie de J-
fundo \,

DI = distdncia inclinada 7
DH = distancia horizontal DH=VDI~ - HP
HP = altura do peixe em relagdo ao fundo

54

tempo zero (horizonte do peixe) -
e ]

'GEOMETRIA DO SONAR DE VARREDURA LATERAL

eco da superficie ~ 4

superficie de fundo -,
okt e

anomalia
topogratica

sombra

56
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ALTURA DO OBJETO
(ANOMALIA TOPOGRAFICA)

"' & l, x "I
Rg+lg

_28x15
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0.0

Lat: 23:37.08425
Lon: 045:20.9323 W

Length: 10.2m
i in |

Height1: 3.0m
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8ot Looghude 06 209082W
Oom  Cusel 12880
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INTERPRETACAO DA IMAGEM DO
SONAR DE VARREDURA LATERAL

* Forma

* Textura

59 60

Shagn 131 s k7S

2005 Fan Heodng

P
Aol

Outiine:
Name: [T aiget0045
——
100
Classification: | 0) None ¥
. Notes: | The operator places target notes here. Multiple lines = Grow

1883009 Pressro 03980 7oy
0808
31deg Ermors:No Enors. Uil

"

ey

forma

Fonte: Marine Sonic
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FORMA FORMA/SOMBRA
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(0.0 0d) | SH 38476 | SHS 226 208 | FMT
[Depth 155 Pross Lot

(0.0M Od) | SH 38476 | SHS 226 208 | FMT | Reserved |
GPSNA NETPS COVEEEEAr00 | Dot 155 | Press

GPSNA NETPS CIUTEEEArc0 |
63

64

16



14/10/2021

SONAR DE VARREDURA LATERAL
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4 Local Eixo Canoas I
T porri1_ng. 98

Reservatério Capivara — SP/PR

72
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URA RUGOSA CARACTERISTICA
- DRFUNDOSROCHOSOS
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P MAPEAMENTO DO

FUNDO DO RIO
ARAGUAIA, TO

\

|

|

|

i

|
‘}
~

g 1oRee
Imagem do sonar de §
varredura lateral
T T IR

=

- Rio Araguaia - TO

&
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T A e TS
Rio Araguaia— PA/TO

AR

restos de madeira deixados no
fundo quando da inundagao do
reservatorio de Palmas = ¥

Reservatdrio de Lajeado — Palmas - TO Reservatoério de Lajeado — Palmas - TO

79 80
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Leiras de madeira
deixadas na época da
% inundagdo do
\Qg i reservatorio

he

Reservatorio de Lajeado — Palmas - TO Reservatério de Lajeado — Palmas - TO

81 82

8. N L)
45 r}entl"om:émenté"de‘avqlidas da
""agtiga cidade de Canela, hoje -
#huhdada pelo reservatério

i

83 84
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“fiofatento

rochoso

sedimentos finos S 7 ol

sedimentos
grossos.
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\—

Fonte: Garry Kozac
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SONAR DE VAREDURA LATERAL - Mosaico -Litoral N de SP

Fonte: IO-USP

89

MASSAGUAGU, UBATUBA,SP R
2o ysopgm e AL IS N

14/10/2021

90

BILLINGS, SP

92
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Lago do Ibirapuera, SP § Observar detalhes das margens Lago do Ibirapuera, SP

93 94

Porto Primavera
SP/MS

Erosao de margens de
reservatérios

95 96
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AMBIENTES SUBMERSOS :

RIOS e RESERVATORIOS

Google earth
R

98
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Reservatério Porto Primavera SP/MS
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104
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105 106

Batimetrid\

1 ano Sonografia

107 108
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109

111

o

112

notebook gerenciador
do sonar de
varredura lateral

\ 'Y
ontrole‘centralido sonar de ’ -

varredura lateral (TPU)

notebook
gerenciador do
sisema auxiliar de
posicionamento

| Y

notebook

N
N gerenciador

do
ecobatimetro
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114

12.03 m

ESPESSURA DA COLUNA D'AGUA
" TOPOGRAFIA DE FUNDO DO
.. RESERVATORIO.

Frequéncia do transdutor [N J
do eco = 38 kHz

Toeprey 208 1E]

ESPESSURA DA COLUNA D'AGUA

do eco = 200 kHz S ‘\ SR z
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122

Momento inicial margem atual

Sup. do lago

cota 257

12m  Coluna d'4gua Ponto de contato original
MS

Momento atual 30-50m

Cota 257

fundo do lago

wn 8
(3
B0 i L

arvores: ™

Ponto de contato atual

Detalhe do mosaico do sonar de varredura lateral

fundo do lago

123 124
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DADOS GEOFISICOS

PROJETO DE ESTRUTURAS DE
CONTENCAO OU DE PROTECAO

l

l

Escolha dos locais para
implantagdo das estruturas

Monitoramento das estruturas e
dos processos sedimentares

125

127
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Frojets
Porto Primavera

25229/08/2011

Cogenan
[ Sstruturas

—u Margem do

137

139

138
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Linhas Plancjadas

» 20300

S

S
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Comparagdo entre perfis batimétricos realizados
em periodos distintos

11| Reservatdrio de Porto
Primavera SP/PR/MT

142

INVESTIGAGAO
BAT ETRIA IMAGEAMENTO

fontes acusticas: sonar de
varredura lateral e
batimetria de varredura

> 100 kHz

144
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Porto Primavera
SP/MS

Erosdao de margens de
reservatorios
JUSANTE

145 146

147 148
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151

150

152
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153 154
155 156
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Rio

.

157

159

Parana -

AR

158

160

DUTOS/CABOS
EMISSARIOS
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% . SANTOS, SP ,

MAPEAMENTO DE EMISSARIOS SUBMARINOS

161 162

163
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DUTOS

167

EALITTT ) ey

PASidayy

166

DUTOS

168

14/10/2021

Cortesia de Garry Kozak
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171

Recifes Artificiais
PR

Projeto IPT - Ecoplan

170

172
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Cortesia de Garry Kozak
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174
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177

178

SIDE SCAN SEAFLOOR MOSAIC OFF TANEGASHIMA
Je
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Amostras coletadas e
fotografadas 3D

Faixa coberta por cada linha do
sonar de varredura lateral
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SIDE SCAN SEAFLOOR MOSAIC OFF TANEGASHIMA

Amostras coletadas e
fotografadas 3D

Faixa coberta por cada linha do
sonar de varredura lateral

183

182

320 (116m)

317¢116m)

316 (109m) 312(90m)

FOTOGRAFIAS DAS AMOSTRAS DE FUNDO (3D)
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184
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Version 11,2 SonarPro® Sonar Processing System - L-3 Communications Klein Associates, Inc.
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n 11.2 SonarPro® Sonar Processing System - L-3 Communications Kiein Associates, Inc

oA 23 W 0 I
File: D:\Brazil Training)SonarSurveys\Survey002\sonar_data081105205900.xtf, High Frequency, 25 s

e
—

14/10/2021

“Version 11,2 SonarPro® Sonar Processing System
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193

195

Porto de S. Sebastido

Google

194

196

PORTOS
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TA Engenharia
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DTA Engenharia
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Vors 11.2 SanaPo Suom ProcesseySyion L3 Conosion Kise Avocise. I

449 Rangss  alm  Latfude’ 26466%8S  Fish Headng| 08 om)
188600 Speed 51 boofs Longiude: 03528 7843 Pih
222000 Degitc am  Couse 6oy Aol 17deg  EnorsNorors
s 1o LTS unsmnee

Atuds
(meters)

Pilares do porto

DTA Engenharia

203 204
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V 46°21'18" |W 46°20

AREAS DE INTERESSE PARA EXECUGAO DE
ICOFDETALHADOS

'DE SONAR DE,VARREDURA LATERAL £
PERFILAGEM SISMICA CONTINUA
@,

205 206

Mapear as caracteristicas do assoalho marinho

(fundo e subfundo) com relagao as interferéncias

PRODUTO FINAL - Mapa Mosaico INCER

ao processo de dragagem do canal.

207 208
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PRODUTO FINAL — Mapa Mosaico Area 2
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omEqudics| Name [C0B.23
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- 070872010 151731 = ol /g
i | Png: 3002 DEP-0.00 fm)
Ganma Conect WOSKETS | NI
S NWW | RIS

Coman | 0

I : HDG 30180 CHG 28255
b ALT:9.74fm) SPD:2%0
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imagem do sonar de
varredura lateral
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213
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Chirp (10-18kHz)+ mosaico do sonar

PERFIL DO CHIRP 15 (10-18 kMz)
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Fonte: Prof. J. Antonio B. Neto - UFF
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Sonar image 0il patches

MANCHAS DE
OLEO

%3 Qil patch (0.8.6 m 2, 3 cm thick) . Emulsion (1.6 m &, 20 cm thick)
| Ol patch (081 6m , 8 emthick) 7 Oillsediment mixture (1.6m 3, 20 cm thick)
{_) Oil patch (0.81.6 m @, 20 cm thick)

Mapeamento com o Sonar de Varredura Lateral

Imagem do sonar de varredura lateral de alta a 6 is da
superficie de fundo devida a ocorréncia de vazamento de dleo. (Blondel 2009)

221 222

Int=rspill 2004
Presantation no. 465

(Blondel 2009) 7

Sonar detection and monitoring of sunken heavy fuel oil on the seafloor

F. Parthiot. E. de Nanteuil, F. Merlin, B. Zewr! YGuEdEs X Luarton?, J.M. Augmm:r P
Cervenks®, ] Maschaf, TP Seumgu R K Hansen®

Cedre. rue Alain Colas, CS 41836
29718 Brest Cedex 2 (France)
francois parthiot ile-cedre

Abstract

The oil products wansported at sea that have the potential to become suspended i the
water column and sink after weathering or mixing with sediment are quite numerous-
asphalt, carben black eil, bunker C, fuel 01l n°5 and 6. In many incidents and accidents part
of the spilled heavy cil product has actually sunk and has been difficult to track because of
the lack of means of detection. To this gap.

has been performed through the use of a large summ tank on the bcﬂnm of which
several patches of three different heavy fuel oils have been laid on top of a sandy layer. In
this facility several kinds of sonar have been tested as for their response according to their
frequency, resolution and fype (side scan sonar, multibeam/‘pancramic sonar, 3D acoustic
camera).

The results proved to be very vahiable according to the acoustic specificity of the products
wvolved. Indeed the acoustic properties are similar to those of the seawater when
considering density and sound speed; however the attenuation is much more important and
its variation has been measured fom 100 kHz to 500 kHz preliminary to the testing. The
results of the sonar experiment that have been obtained do confirm the capability of current
sonars to detect heavy oil patches over sand seafloars, and should make it possible 1o select
the most adequate survey strategy according to the oil patches dimensions and thickness
and to the environmental conditions.
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100 kHz

Multibeam
Seabat 8101
240 kHz
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Projeto IPT- Cl Conservation International
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1
. Fonte: Prof. Dr. Alex Bastos - UFES
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Massaguacu
Ubatuba

SP

Projeto 10-USP/IPT

232

14/10/2021

58



14/10/2021

233

]
| ErEnm)

235 236

59



14/10/2021

(™
€3]

ot S b Swes

60



14/10/2021

i e

Prg#
Te!

Dato| 882009
Ry

241

v

m

Uty

$0knats Longhude

00m

o

Fih Hiadng
Pieh
Rl

186289 Pwssie

1200
01t

Enues o Enos

03 1o,
At
(ot

©2009 MapLink/Tele Atlas

“Google

61



247

“Google

Antartica

Projeto IPT / I0-USP / MMA
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ANTARTICA - Ilha Rei George — Baia do Almirantado

Weddell Sea
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BAIA DO ALMIRANTADO - ILHA REI GEORGE SONAR DE VARREDURA LATERAL - Enseada Martel

ENSEADA MARTEL - LOCALIZ. dos PERFIS ACUSTICOS

Mapa da Area Antirtica Especialmente
3120000 s - — Gerenciada Baia do Almirantado
Tiha Rei George - Antirtica

i NS B by
) = (_{ [ 7 Extensio das Geleirus
)\L\\%\Vcn Kelterr | % 2

3112000

Escala 1:150.000

] 3

0 UTM - Fuso 21 J 7
m - WGS 84
- contorno da E. Martel

ESCALA
T000m 2000m  3000m 4000m
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SONAR DE VARREDURA LATERAL - |. REI GEORGE - DEZ 2002 SKUA — EMBARCAGAO DE APOIO DA EACF
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ETN

PONTE NOVA (vdo de 120 m)

PONTE ANTIGA (véo de 40 m)

258

260

14/10/2021

Google earth
2

e e
SONAR DE VARREDURA LATERAL KLEIN
3000 UTILIZADO NO MAPEAMENTO DOS
FRAGMENTOS DA PONTE IMPLODIDA

=
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Sonar de Varredura Lateral aplicado no monitoramento de METODOS GEOFISICOS APLICADOS NO MONITORAMENTO DE OBRAS HIDROVIARIAS
obras hidrovidrias (SP 333 - Lins — Sdo Paulo) IMAGEM DO SONAR DE VARREDURA LATERAL AO LONGO DA PTE DA RODOVIA SP333 — Rio Tieté, Lins, SP

BE2  Googleearth
3
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* Operacoes de busca e
salvamento
* Arqueologia
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Cortesia de Garry Kozak
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Cortesia de Garry Kozak

i Projeto IPT / MAE-USP
= Tese do Dr. Gilson Rambeli
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B o o Prof. local (m) 62
<>_x (UTM): 533927,108
Y (UTM) 8594138739

Base da plataforma DJ-548. Diversos
pontos de alta refletividade com sombras
representam as estruturas verticais. Dutos
podem ser observados na regido. O fundo
no entomo apresenta rebuscamento
artificial. Origem: antropogénica ligada a
explotagdo petrolifera. Alvo marcado na
linha 49
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Fonte: Microars (Paulo Cetto)

B0m  Latude | 44360620N FishHeadng 3385deg  Pressure. H00p58  Touren
39knots  Longiude 06332841 W tch 2809 Tomp: Oceg  Alttude
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Cortesia de Garry Kozak
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Fonte: Microars (Paulo Cetto)
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PNt dgeTech Discover - 4125 [ &%

Fie View Confiurston Contrd Heb
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Towtoh Conbl | Video Gan | Duply | Dk | Been Tich | G | Preker (350

Navigation Towtish Sensors
Lat. 41 882096N Course 313 Date Aug 06.2008 Heading 3328  Pitch: 09 Attitude: NA
Lon: 71 095428 W Spead. 3.3 Time: 14:24:42 Roll: 23 Pressure 0.000
Frs 0 Li &1 MBN Lo 71 0SSK0W Coue 13 Speed 33 Oue Aug U500 Toe 142602 Hadeg 328 Pach 03 Rok 23 Adude NA Prese 0000
wiox Prg 12 Mk Fise Space 1729548 Plbhch | G%0FF  Rocosd OFF
At 1,25MHz, a body is clearly identified in this side-scan record. Image courtesy Rob Morris, Edgetech

287

14/10/2021

288

72



289

291

290

292

B SONOGRAFIA

BATIMETRIA
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100 kHz
QUAL A MELHOR
FREQUENC|A PARA O SONAR
DE VARREDURA LATERAL?
1 500 kHz
1pt
293

100
Figure 2.11. Compiled by the U.S. Naval Research Laboratory for its Global Ocean Mapping Project,
this image shows the Hakon Mosby mud volcano (Barents Sca) imaged at decreasing [requencics:
100kHz. 30kHz, 12kHz and 6kHz (left to right). High backscatter levels are bright, and the middle
bands in the first three images correspond o the nadir of the sonar. The voleano is nearly km in
diameter. Both its size and its details get obscured as the [requency (and therefore the spatial resolution)
decrease (adapted [rom an NRL 7420 graphic; Vogt and Gardner, 2001).
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Coluna d'dgua

299

fonte de sinais ("peixe")

BOTTOM TRACKER !!!

Bottom track
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i Prcescon System L3 Comimeications Kein Avsoce, e

24

Prgé’ 21441 Rangs 100m N Fish Headng 71030  Pressure: 00psa Fih Headng B oy Pressue 03psia
Tine! T44TIA  Speed 39knots  Langfude | 070373320W Prich 1203 Pitch T0de
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301

SIDE SCAN SONAR

A escolha da frequéncia adequada:

*%* 100 kHz == mapeamento de grandes areas

% 300 kHz =% resolution

% > 900 kHzm very high resolution

- REAL-TIME DUAL FREQUENCY

% MOSAICO EM TEMPO REAL

17549 Range. Bom Lathude;| 236963665  Fish Heading
164437 Spesd 4)inots Longhuda | 046131136
Degth aom Course

Trie:
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AVANCOS TECNOLOGICOS NO
IMAGEAMENTO DE SUPERFICIES
SUBMERSAS

« SISTEMAS MULTIFASE: BATIMETRIA + SONAR DE
VARREDURA LATERAL
« MULTIPULSO
- TRI-FFREQUENCIAS
« GAPFILLER
+ SISTEMAS AUTONOMOS

305

INTERFEROMETRIA / MULTIFASE

Offset angle

A
The spacing of all the elements
forming the transducer and its offset

v e angle must be precisely known.

— 0 -—
Phase shift
~Ch Vertical beam
b "0,
Sor pattern
8 Sty »
rang,
Mitteqy
Pulse
< -~

307

Cedido por Garry Kozak
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IMAGENS
CEDIDAS PELA
EDGETECH
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INTERFEROMETRIA
+ SONAR
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UFSC - A. KLEIN
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EdgeTech 6205

SONAR DE VARREDURA
LATERAL +
INTERFEROMETRIA

Klein 3 Hydrochart 500
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Edgetech 6205 + Sonarwiz
Rio de Janeiro — out 2014

79



317

St Petersburg, Flérida

Edgetech 6205

14/10/2021

St Petersburg, Fldrida

318

St Petersburg, Flérida

319

320

St. Petersburg, Flérida. Sonarwiz Training Dez 2014
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Slide cedido por Damon Wolfe - Edgetech

321 322

EdgeTech’s New MPES Technology SONAR DE VARREDURA + BATIMETRIA (INTERFEROMETRIA)

— Multi-Phase Echo Sounder (MPES) w

— Cobertura de até 10 x a coluna d’dgua

— Obedece as especificagdes da IHO Special Order (9x)
— Abertura superior a 200° (Swath Coverage)

— Registro simultaneo de Sonar de dupla frequéncia

— Alta resolugdo

— Superior Integridade e Qualidade dos dados

|

Slide cedido por Damon Wolfe - Edgetech

Slide cedido por Damon Wolfe - Edgetech

323 324
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Why MPES?

* Many MBES Systems on the Market

— Not Suitable for Shallow Water
« Limited Swath Angle (Typical 130° or less)

* No Side Scan Imagery (Limited to
Backscatter)

* Typical Interferometry Systems Too
Noisy w/ Nadir Gap
— Efficiency Gains Lost due to Nadir
Gap
— Noisy Data = Lots of Data Cleaning

SURVEYORS NEED SOLUTION FOR SHALLOW WATER SURVEY OPERATIONS!

Slide cedido por Damon Wolfe - Edgetech

325

Benefits Summary : MPES Bathymetry

« Swath up to 12 x water depth, and IHO SO
to up to 9 x water depth.

* Two Bathymetric frequency Options
— 230 kHz, longer range
— 540 kHz, higher resolution

* Better Spatial Resolution than Beam
Formers, but without the Nadir gap
traditionally associated with
Interferometers

Slide cedido por Damon Wolfe - Edgetech

327
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System Coverage - Shallow water

+ Typl

+ Typ

* Edg

326

ical Single Head MBES

Multi-Beam Echo Sounder (MBES)
Coverage around 3.5 to 4 x water depth
Line Spacing typically 3 x water depth
Limited to 130° Swath Coverage

ical PDBS

Phase Differencing Bathymetric Sonar
Coverage of up to 10 x water depth.

Gap at Nadir means full overlap required

Line Spacing typically 4 x water depth
Noisy Data

eTech’s New MPES Technology
Multi-Phase Echo Sounder (MPES)
Coverage of up to 10 x water depth.

IHO Special Order compliant coverage over
9x water depth

Over 200° Swath Coverage

slide cedido por Damon Wolfe - Edgetech

MPES vs. MBES

328

200° Swath Angle Vs.

120° Swath Angle

slide cedido por Damon Wolfe - Edgetech
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MPES vs. PDBS

Full Swath Coverage vs.

Nadir Gap
slide cedido por Damon Wolfe - Edgetech

329

Co-Registered Bathymetry & Side Scan

EdgeTech 6205

* Bathymetry & Simultaneous
Dual Frequency Side Scan
Sonar

Precisely Co-Registered
Bathymetry & Side Scan
Imagery

.

Slide cedido por Damon Wolfe - Edgetech

331
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Benefits : Side Scan Data

¢ Co-registered SS with Bathymi
* Longer Arrays for Higher Resolu
¢ 1to 3cm Range Resolution

330

Swath Bathymetry : Data Example

Sunken overturned
barges

Vertical surfaces
properly imaged

Slide cedido por Damon Wolfe - Edgetech
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Swath Bathymetry : Pipeline Data Example

Slide cedido por Damon Wolfe - Edgetech

Cortesia: Edgtech
333

Data: New River - Location

Data: New River - Swath

550 kHz Data

¢ Channel Width circa 40m

Depths in the centre of the
channel from: 3mto 12 m

* 0.5m bins

Run as a single line !

Slide cedido por Damon Wolfe - Edgetech
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Slide cedido por Damon Wolfe - Edgetech

336
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Edgetech 6205

Cortesia : Damon Wolfe

338
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Edgetech 6205 — Side Scan Interferométrico

Imagens cedidas por Damon Wolfe

340
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Imagens cedidas por Garry Kozak B Imagens cedidas por Garry Kozak

341 342

343

14/10/2021

v, somn,

e aGf e

86



14/10/2021

- Ilha de Alcatraz, EUA

EON s

.- Cortesia: Damon Wolfe

345 346

MOGAMBIQUE

EDGETECH
6205

Side Scan Interferométrico
550/1600 kHz

BARRA DA LAGOA | BARRADALAGOA

Diego Porpilho / Dr. Antonio Klein - UFSC

347

87



14/10/2021

BATIMETRIA DE ALTA RESOLUGAO
SONAR DE VARREDURA LATERAL INTERFEROMETRICO

EDGETECH 6205

EDGETECH 6205

Side Scan Interferométrico
550/1600 kHz

Foto: Laps

349 350

Googlee

2 Google edrt

RESERVATORIO TAIACUPEBA — Lev. Batimétrico (parcial) de alta resolucio
Ensaios experimentais

351 352

RESERVATORIO TAIAGUPEBA — Area coberta pelo Lev. Batimétrico (20%)

88
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Mapa Batimétrico (2D) de alta resolugdo do
reservatorio Taiacupeba (cobertura de 20% da
area total do reserv.)

353 354

Mapa Batimétrico (3D) de alta resolugdo do
reservatorio Taiacupeba (cobertura de 20% da (Sonar de Varredura Lateral +
area total do reserv.) Batimetria)

Taiagupeba em 3D

355 356
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Mapa batimétrico (3D) de alta resolugdo
Reservatdrio Taiagupeba, Suzano, SP
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Unha | Caminho  Poligono ] Ciralo | Caminhoem3D |
Mega a distanda ou a drea de uma forma geométrica no chdo

60,27 |Quildmetros -

32.360.885,40 |Metros quadrados |

d ¥ Navegac3o com mouse Salvar Limpar

235 mil pontos 1 pto a 250 cada metro
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Mega a distdnda ou a drea de uma forma geométrica no chio

Perimetro: 5,35 |Quidmetros

N irea: 1.543.397,22 |Metros quadrados -

¥ Navegagdo com mouse

7
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225 50750 %
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G005 40
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Planilha = 1,5 milh&es de linhas = pontos 1 pto a cada metro
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VANTAGENS DO SISTEMA INTERFEROMETRICO

Dados batimétricos de alta qualidade com varredura de 8 - 10 x a espessura da coluna
d’ dgua o que proporciona menor quantidade de linhas para cobrir uma mesma area,
ou seja, economiza tempo de levantamento. Além disso, com varredura mais ampla,
aumenta-se a seguranca do levantamento ja que ndo ha necessidade de se aproximar
muito das margens.

.

O side scan sonar emite dupla frequéncia simultaneamente o que garante resolucdo
(possibilidade de mapear detalhes) e alcance lateral (possibilidade de se cobrir
grandes dreas).

Os dados gravados sdo relativamente limpos, tendo em vista a evolugdo dos softwares
internos do sistema i e wake supressic i ), 0 que facilita o
trabalho de pds-processamento.

O sistema oferece 200 graus de campo de visdo o que permite mapear a superficie de
fundo de um rio numa unica ‘passada’. Com um multibeam classico talvez
necessitasse duas ou trés.

O sistema interferométrico oferece maior resolugdo espacial, o que é atribuido a larga
banda de frequéncias.

367
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Largura média do rio=700 m
Extenso do rio = 30 km

Prof. médiadorio=7 m
Varredura lateral =70 m
Numero de linhas long.= 11

Km Total = 11 linhas x 30 km =
330 km

6h/dia x 6km/h =
36 km/dia = 9.5 dias

0 x monofeixe

32 milhdes de pontos
seriam coletados !!!
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INVESTIGACAO ACUSTICA DA SUPERFICIE DE FUNDO

* Monofeixes
ADCP

* Multifeixes

* BATIMETRIA

(8,12, 15, 24)
30, 33, 38, 50,
200, 400, 700 kHz * Multifase/Interferometria

* IMAGEAMENTO

* Sonar de Varredura Lateral
100, 300, 400, 500,
700, 900, 1600 kHz

368
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INVESTIGACAO ACUSTICA DA SUPERFICIE DE FUNDO

* Monofeixes
* BATIMETRIA

* ADCP
(8,12, 15, 24) o
30, 33, 38, 50, * Multifeixes
200, 400, 700 kHz

e Multifase/Interferometria

* IMAGEAMENTO :° Multifeixes

100, 300, 400, 500, * Multifase/Interferometria

700, 900, 1600 kHz * Sonar de Varredura Lateral

369

6205 Edgetech

371
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Imagens cedidas por Lisa Brisson / Echo81
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NADIR GAP FILLER

EdgeTech 2205

EdgeTech Nadir Gap Filler

Standard SSS with Gap Filler
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KLEIN REDEFINES MODERN SIDE SCAN SONAR, AGAIN.

Introducing: KLEIN MA-X VIEW 600
Single Beam Side Scan Sonar with Integrated Gap Filler

373 374

Sistemas Autdbnomos

1pt
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SISTEMAS
AUTONOMOS

» Aguas rasas (sup)

» Aguas profundas (sub_sup)

377

Laurel China

Remote Controlled USV-
1750 with SONIC2020
mount

379

ASV - Autonomous Surface Vehicles
USV - Unmanned Surface Vessel

378
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Calypso

Inflatble unmanned survey platform

Calypso:

- Inflatable

- Fully autonomous

- Wide range of sensors
- Cloud data connection

Applications:

- Hydrographic survey

- Environmental research
- Inspection

- Security

Ocean USV and networked sensors

385 386

Calypso
A avigation module

Calypso is connected via the 3G/4G or
WiFi network to the cloud platform
Atlantis.

The Atlantis cloud auto navigation

module provides augmented maps on
which the calypso can take decisions.

Based on the augmented maps the
Calypso can plan his trajectory, can
cover a selected area and will avoid
objects depicted on the map

Calypso
Atlantis

The onboard echo sounder provides a
depth profile. Together with the
navigation path this depth profile is
depicted in the augmented Atlantis
map.

The platform comes with a user
friendly web based visualization tool.

The data can be combined with other
survey data from all kinds of
hydrographical equipment.

USV and networked sensors USV and networked sensors

387 388
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Calypso

Specification

Length board: 1800mm

Width board: 925mm

Draft: 210mm

Weight: 25kg

Payload: 150kg

Speed: Max 3 knots

Endurance: Minimum 4 hours @ 12V/100Ah
Control: Cloud control and R/C

R/C range: 5km open sight

Propulsion: 2x 12V underwater rotors

Data communication: 3G/4G, WiFi or local storage
Sensor mount: 2x 100mm moon pools
GPS accuracy: 3000mm

Echosounder accuracy: 50mm

Echosounder resolution: 10mm
Echosounder opening: angle 8°

Compass accuracy: 2°

Ocean

389

391
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Calypso

Contact

For more information on Calypso, please contact:

dotOcean NV
Gistelsesteenweg 294 B205
8200 Sint-Andries (Brugge)
Belgium

Phone: +32 (0) 50 68 30 54
Email:

www.dotocean.eu

USV and networked sensors USV and networked sensors
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OI1 2018
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XOCEAN
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