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estimation and backscatter Classification



The Institute of Marine Research

IMR is one of the largest research institutes of its kind in Europe.
Our main activities are monitoring, research and advisory work.

Employees: About 1050 VAVAV

Funding: 1.8 billion NOK — 40 % from the Ministry of Trade, Industry and Fisheries



Our vessels

Our vessels are at sea
approx. 1600 cruise days
per year.

Dr. Fridtjof Nansen G.O_Sars
Janar mliort Prinsesse Ingrid Alexandra 6.V, Dannevig Hans Brattstrom
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CRIMAC =

Centre for research-based innovation in marine acoustic abundance
estimation and backscatter classification(2021-2028)



Hjem Nyheter Prosjektpartnere Om CRIMAC Publikasjoner Bildearkiv

Om CRIMAC

CRIMAC er et senter for forskningsdrevet innovasjon der malet er & forbedre og automatisere
tolkningen av bilder fra bredbandsakustikken pa forskningsfartay og fiskebater. Dette vil vi oppna ved
hjelp av tokt og feltforskning, kunstig intelligens, droner og annen teknologi.

Les mer

Nyheter

Publisert 09.01.2024 Publisert 08.01.2024

Studying the Twilight Zone of a Testet selvgdende fartoy i nordlige
Norwegian Fjord strek

Norway’s fords are ideal for studying the

ocean. They're calm, deep, have consistent
populations of interesting marine creatures, and
there’s still a lot to learn about them. Every

Da silden inntok fjordene i nord — ga det
perfekte forhold for & teste HI sin nye Sounder.

Les mer

Kontakt oss

Ressurser

Finansiert av

Forskningsradet, industripartnere og
Havforskningsinstituttet

Ledet av

Havforskningsinstituttet

Periode

01. oktober 2020 - 30. september 2028

Industripartnere

Kongsberg Maritime, Scantrol, Scantrol Deep

Vision, CodeLab Bergen, Norway Royal Salmon,

Liegruppen fiskeri og Eros

Forskningspartnere

NORCE, Norsk Regnesentral og UiB

Senter for
forskningsdrevet
innovasjon
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https://crimac.no/
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Marine science

The primary objective of CRIMAC is to advance the
frontiers in fisheries acoustic methodology and &

associated optical methods, and to apply such methods to A

e —
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1) surveys for marine organisms, 2) fisheries, 3) aguaculture a
r

Fisheries Aquaculture

nd 4) the energy sector

Offshore energy
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Marine science

Improve automatic interpretation of (broadband) fisherig§ ics, including
sizing of targets (fish, zooplankton and bubbles) and target identification
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Develop better verification methods using optical systems -

Develop data processing pipelines for automated processing and anaIyS|s
applicable for cloud and edge 5

Implement uncrewed surveys and monitoring N

N

Offshore energy
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Fisheries Aquaculture




Nature, June 8, 1935
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Hgla, Norway, 1934. Oscar Sund (RV “Johan Hjort”)

Oscar Sund RV “Johan Hjort” Spawning cod recordings.
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OCEAN SCIENCE & MAPPING SYSTEMS

The world's ocean covers 71% of the earth. This is about 362 million square
kilometers of the total surface area, but only a small fraction has been mapped by
direct observation.

KONGSBERG

NA HAR DE OGSA PLASS=
OG RAD =TIL ET KVALITETSLODD

SIMRAD
COMPACT

COMMERCIAL FISH-FINDING AND FISHERY
SYSTEMS

We manufacture advanced active sonars, echo sounders, catch monitoring
instruments and transducers for the world's fishing fleet. Our products are in daily
use all over the world on fishing vessels of all sizes.

M e

| P Ill.: http://www.kongsberg.com/discover
IlL.: Unknown/NTB Scanpix f 74 gsberg.com/. v/
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Fisheries acoustics i

N

Scrutiny and integration Survey estimation Assessments and harvest
control rules

Sensors

Catch statistics
Fiskeridirektoratet /

Estimating Catch at Age

IMR & International partners




Fisheries acoustics iii (broadband)
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Advantages:

e Continuous frequency response
* Potentially better target classification

e Higher Signal-to-Noise Ratio (SNR) (2BWT)
e Greater detection range
* Higher quality data .

* Better temporal resolution (Ar) )

* Better target characterization (individual and in
aggregation)

Frequency [kHz]
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* Large datasets Sy

* Potentially more noise/interference

* Data processing is still in a relatively early fase
/ potential not fully utilized

Broadband Narrowband Broadband



(Acoustic) sensors

Platforms

4

Artificial intelligence

Genetic programming

Increased need for marine Matrix factorisation
monitoring Machine learning

Support Vector Machine (SVM) r(a:‘ Eifi‘?&[‘h'}:;"“-”-‘-’ Symbolic

logic
Gradient Boosted Trees (GBT)
Nean learning Random
e e Forest (RF)

Knowledge-based
engineering

k-Means | Swarm
optimisation

Naive
Bayes (NB)

Data processing methods

Communication technology

4



CRIMAC

i) Verification of acoustic éc Ia : '. (
i) CRIMAC data-plocessing pipeline. ™
iii) USVs for marine momtoﬂﬁ@ﬁd*f sheries asses,\ment
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In-traw| camera system

Scientific surveys Commercial fisheries
* Provide better temporal and spatial resolution Better catch control =
* Maintain small and sensitive organisms less by-catches and discards and better catch efficiency

* Remove the need to bring catches on deck

Automatic species identification Automatic length estimation
and count

linear = d(1,4)

d(1.,2),
curved = £d(2,3),
d(3.4)
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Capabilities

_ Deep Vision 2018 Deep Vision CamSounder

Camera Stereo Cam Stereo Cam
1.4 MP resolution 5.1 MP resolution
5 Hz sampling rate 10 Hz sampling rate
2 x 30 000 lumen 15 500 lumen
Connection Ethernet Ethernet
WiFi
Bluetooth
20 Ah 24 V NiMH 99 Wh Li-ion
8 hours operation 8 hours + operation
DX 2000 m 1000 m
395 kg 15 kg
Neutral 2-5kg
DT 1.4x1.2x09m 0.5x0.3x0.15 m
Echo sounder No 200 kHz Transducer
Kongsberg composite
12.5 m range

12 mm resolution

-y

& DEEP VISION
Stand: N200




CRIMAC

i) Verification of acoy
i) CRIMAC da
iii) USVs for marine momtdﬁﬁmd eri assesmgnt
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CRIMAC Pipeline

*Regrid

*Denoise

*Filter
*Bottom
detection
*Inversion

*Depth comp.

ML friendly data storage

—
S

Labels
v

Bottom
v

Visualize

Classify

ICES format

Integrated
backscatter

https://github.com/CRIMAC-WP4-Machine-learning/CRIMAC-pipeline



https://github.com/CRIMAC-WP4-Machine-learning/CRIMAC-pipeline

(Python) tech stack

(Pre)processing

&

ML friendly data storage

ND-grid

docker

ﬁ LSSS/Korona
— Python

Vizualization

&

docker
V
X 1)

ashader

Deep learning

docker

O PyTorch

N—
https://github.com/CRIMAC-WP4-Machine-learning



https://github.com/CRIMAC-WP4-Machine-learning

ML for fisheries/zooplankton acoustics

ATC - Semi-supervised learning (patches)

Acoustic Target Classification (ATC) -
Supervised learning

Echogram §

==
() Ao gina
Aototsiots -

U-Net prediction

Acoustic data are
not images

CRIMAC

Brautaset et al, 2020

ATC - Semi-supervised learning (semantic)

Input Clustering Ground-truth Semi-supervised
mUAL structure prediction CRIMAC
INTELLIGENCE =

Choi et al, 2023

Longth:32  Pseudo-label

‘ CRIMAC

Choi et al, 2021

Catch comparison

Predictions

‘ CRIMAC

Allken et al, 2021

Fish, mesopelagics, large zooplankton

Weakly supervised models

‘ CRIMAC
raut o)




Model

Training

Edge deployment

Blue Insight

ICES format
Model repo
Remote Remote Remote
(EK, EM, ...) Docker repo Docker configurator
Start, Stop,
pingrate
- Pre- Pre-
Sensor Procgi;in Processing Processing Classification Classification Report

( ; )g (format (noise (Bottom) (unet) Generation
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Configuration

Mask (zarr)

Mask (zarr) Mask (zarr) A

Sv (zarr
Survey Data (zarr) Sv (zarr) Sv (zarr) Sv (zarr)

RAW RAW RAW RAW RAW Q=

Settings Metadata Metadata Metadata Metadata Metadata



CRIMAC

By

i) Verification of at " Uglic reco -i

i) CRIMAC data-ppcessing pi " _>
iii) USVs for marine momtorm%d ﬁ assesmgnt
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Fotograf: Leif Nottestad / Havforskningsi.
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Kongsberg Discovery Sounder USV

Stand: D600
Echosounders

= KD EK80 WBT

= Transducers
+ ES18-11 18 kHz
- ES38-7 38 kHz
. ES70-7C 70 kHz
. ES120-7C 120 kHz
- ES200-7C 200 kHz
- ES333-7C 333 kHz

Acoustic Doppler Current Profiler
« KD EC150-3C

Multibeam Sonar Thermosalinograph

« KD EM2040-04 « Seabird SBE 45

Sub-bottom Profiler Fluorometer

- KD Topas PS120 » Seabird WETstar
CTD

« AML6 CTD



*Reg
*Denoise

*Depth comp.

*Filter
*Bottom
detection
*Inversion

Visualize

Classify

Train

Integrated |
backscatter [& = ? = —



Argo floats

Buoyancy gliders

Sailbuoy (USV)

Saildrone (USV)

KM Sounder (USV)

AUV (Hugin, Munin+)

HI Echodrone (USV - electric)
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Web page: https://crimac.no/ S
Code library: https://github.com/CRIMAC-WP4-Machine-learning/
Scientific library: https://www.zotero.org/groups/4237816/crimac/library



https://crimac.no/
https://github.com/CRIMAC-WP4-Machine-learning/
https://www.zotero.org/groups/4237816/crimac/library
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