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https://www.boyden.com/canada/
https://indico.oceannetworks.ca

Hydrophone Anomaly Detection



Background

Kfmss Ragion

e ONC operates 34 cabled hydrophones
o 5x4element arrays
o 2 X2 elementarrays
e Additional autonomous hydrophone
data ingested
e Data collected / generated:
o Source File
o Audio (.flac archived) (5 minute)
o FFT (Fast Fourier Transform)
o Spectrograms
e ~7/50 TB hydrophone data in archive
QAQC Checks....are a lot....

mmmmmm
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Project

Machine Learning Working group = DALHOUSIE
formed out of interest UNIVERSITY
Hydrophone QAQC need identified
Internal project kicked off

Funding Opportunity
e Building Bridges - Al

e June 2023 - March 2026 - -
e Dedicated staff CANADA’S DCEAN < >< ; O
su PERc LU STER Observatogabaol

du Saint-Laurent

., CIOOS

o * CANADIAN INTEGRATED
OCEAN OBSERVING SYSTEM
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Anomalous Spectrograms

Instrumentation failures (primary interest) Features (secondary interest)




Spectrogram Processing

Read audio data from Create 5-min window Calculate Fast Fourier Frequency bins and Apply calibration
source file of audio data using an Transform on the sensitivity as defined sensitivity to correct
appropriate spectral window audio file by hydrophone spectral response
technique calibration

Processing
ompensate
. G Complete (G @ O Generate| ¢ ‘

Plot and archive Generate underlying Compensate for
spectrogram image spectrogram data file spectral windowing

(.mat)

Extract Spectrogram |
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ML Architecture and Setup: Two Step Process

Self-Supervised Audio Mamba (SSAMBA, Shams et al., 2024)

dataset (no labels)

pre-training eg,
model Image inpainting
: Position prediction
Step 1 pretext
task
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9430 normal samples


https://arxiv.org/abs/2405.11831

ML Architecture and Setup

Self-Supervised Audio Mamba (SSAMBA, Shams et al., 2024)

dataset (no labels)

Step 1

knowledge
transfer

Step 2

pre-training Image inpainting
model Position prediction

pretext
task

target
task

target model Anomalous or not
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9430 normal samples

6500 normal +
6500 anomalous =
13,000 samples


https://arxiv.org/abs/2405.11831

Results (So far...)

Trained on ~12,000 spectrograms, testing on ~1650 spectrograms

Confusion Matrix
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Results (So far...)

Trained on ~12,000 spectrograms, testing on ~1650 spectrograms
How well did we recover each anomaly type

Performance by Anomaly Type

Dropout

Tonal

Vessel Noise
Rain
Data Gap

0 25 50 75 100

Recovery Rate (%)
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Results (So far...)

Trained on ~11,000 spectrograms, testing on ~2650 spectrograms:
(dropout removed from training - added to testing)
RESULT: Recover anomaly NOT seen in training

Performance by Anomaly Type

We still recover almost
all of the dropouts
— <1 gespite the model

never learning about
Tonal them

i.e. the model

Vessel Noise can generalize

Rain
Data Gap

0 25 50 75 100

Recovery Rate (%)
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Next Steps

Depth (m)
E 8 o

Depth (1)
B &8 o

e Operationalize....

e Expand to additional data types
o ADCP

e Share!

Depth (m)
g8 B o

Depth (m)
g8 &8 o

Sounding Out Anomalies in Underwater Acoustics (Hybrid)
May 13, 12:10PM-1PM PDT | 3:10PM-4PM EDT | 4:10PM-5PM ADT

Location: University of Victoria Queenswood Building, 2474 Arbutus Road, Victoria, BC

This session presents a machine learning framework for automated anomaly detection in Ocean Network Canada's underwater acoustic
data, applying self-supervised learning to capture key patterns from unlabeled spectrogram data and significantly reducing the need for
labeled datasets.

Bt oo https://cioosatlantic.ca/buildingbridges-diveintoai/
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QA/QC at ONC

An Overview



Instrument Workflow

Deployment

_ . DS, PO, SYS e Commissioning
e Applied to all instrument types DS, PO, SE, DAQ,
e QA/QC Key Decision Gates 0 ﬂ
o Pre-Deployment Testing o Procurement

o Post-Deployment Commissioning
o Daily Checks

SC, CS

DS, PO

c c Development
m Automated Quallty Testing e B L.t DA
m  Manual Quality Control Co—
Methods . DS, PO, SYS
estin
Post recovery tests 9 DS, PO, Qge,
DAQ, SC
Servicing Decommissioning
DS, PO DS
Installation DS: Data Stewardship DAQ: Data Analytics & Quality
e g PO: Physical Operations SC: Science Team
. Decommissioning SYS: Systems CS: Client Services
. Maintenance SE: Software Engineering
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Data Quality Assurance and Quality Control Model

e Pre-deployment testing:
o Includes all data/metadata checks performed at the pre-deployment testing point
of an instrument - up to actual deployment of instrument
o Typically performed as bench test then tank test at Marine Technology Centre. Full
platform tests with all instruments when required
e Post-deployment commissioning:
o Includes all data/metadata checks from actual deployment to commissioning of
the data as “good” or “compromised”
e Automated data quality testing:
o Includes all data QC related checks, real-time or delayed, performed via
automated quality control procedures while the instrument is deployed
e Manual data quality control methods:
o Includes all data QC checks performed via systematic manual data assessments
and annotation routines
e Post-recovery tests:
o Includes all post-calibration checks performed during post-recovery and servicing
stages of an instrument.
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Scalar Data: Auto QAQC

Data Flagging System
Based on QUARTOD

Auto tests based on:
e Sensor type / output
o Range test, spike test, etc
e Region
o NE Pacific Shallow
e Auto tests applied during validation
and run continuously during
deployment
o Real-Time
o Delayed mode

OCEAN NETWORKS CANADA World Leading Discoveries at a Critical Time

Data Description
Quality
Flag
0 No quality control on data
1 Data passed all tests
2 Data probably good
3 Data probably bad. Failed minor tests
4 Data bad. Failed major tests
7 Averaged value
8 Interpolated value
9 Missing data




Scalar Data: Auto QAQC

Data Flagging System

Auto QAQC Tests
e New test developed as needed
in-house
e QAQC working group evaluates tests
o Sensor technology changes
o Firmware changes

Auto QAQC test creates a flag

Flag information is stored in QAQC Results
table in separate DB from raw data

g )

S/m
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Scalar Data: Auto QAQC

Data Flagging System

Auto QAQC Tests
e New test developed as needed
in-house
e QAQC working group evaluates tests
o Sensor technology changes
o Firmware changes

Auto QAQC test creates a flag

Flag information is stored in QAQC Results
table in separate DB from raw data
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Scalar Data: Manual QAQC

e Daily monitoring (eyes on data)
e Manually creating flags
o Currently standalone app
o Active project to merge into Oceans 3.0
e This is ripe for more ML for more active monitoring - move from eyes on data to
“human in the loop ML"
e Change Auto QAQC flag usually from 1 to “bad (3 or 4)”
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Scalar Data: Manual QAQC

e Daily monitoring (eyes on data)
e Manually creating flags
o Currently standalone app
o Active project to merge into Oceans 3.0
e This is ripe for more ML for more active monitoring - move from eyes on data to
“human in the loop ML"
e Change Auto QAQC flag usually from 1 to “bad (3 or 4)”
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Complex Data QAQC

Annotations

e Current: no means for QAQC flags
e Data quality covered by annotations
e Scalar data also uses annotations for non-flag related QAQC and other information

: L d i Meghan Paul Profile |
Ocean Networks Canada Annotation Search V2 oagadinas Megtisn Ealene | Profie | H | Lagout
2,:‘“ Oceans 3.0
CANADA ﬁ Data Preview Data Search  Plotting Utility SeaTube v Digital Fishers Endeavour Earthquakes Cameras ¥ More v Admin ~ System Status  Request Support
. Ocean Sonics icListen AF Hydrophone 2523 Data Gap | due to shutting down the hydrophone  2023-04-14 2023-04-15 2023-04-27
10877860 D Dat 15223 15223
S (23818) for bandwidth test on DDL Camera (SYS-16377)  00:00:00 00:00:00 ) @ 01:00:55

OCEAN NETWORKS CANADA World Leading Discoveries at a Critical Time



How to get QAQC Help

ONC external wiki documentation:
https://wiki.oceannetworks.ca/spaces/DP/pages/42174414/Quality+Assurance+Quality+Control

Logged in as Meghan Paulson @ [S @ 9

OCEAN
EANADA - Oceans 3.0 Data Portal

Search, preview, download and visualize data from cabled observatories, mobile platforms and autonomous instruments.

Data Search

ri' =2 "" : il B 4 *i"‘-z.e——**"'-'?‘
Communlty,H :g Fixed Cameras ‘SeoTubézVS! Digital Fishers %
~Expedition’Management \
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How to get QAQC Help

ONC external wiki documentation:
https://wiki.oceannetworks.ca/spaces/DP/pages/42174414/Quality+Assurance+Quality+Control

Request Support

Name

Meghan Paulson

Email*

mpaulson@uvic.ca

Type of request*

Data quality

Summary*

| need help with QAQC!

~ Describe the support you need

This ticket will be triaged to the appropriate ONC team.

QAQC tickets will go to the Data Analytics and Quality team|

Formatting help [/}

Affiliation ®

Location

https://data.oceannetworks.ca/home

Include data about your current environment

Referrer

https://data.oceannetworks.ca/

User Agent
Mozilla/5.0 (Macintosh; Intel Mac OS X 10_15_7) AppleWebKit/537.36
(KHTML, like Gecko) Chrome/134.0.0.0 Safari/537.36
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