—This project is undertaken with the financial support of the Canadian Space Agency. —

& Hotfield 7 gy

%
)
ﬁ'o

&

0 R
2ariaLe P

smartWhales

SPACE-BASED DETECTION SYSTEM

Towards near-real time automatic detection
of whales from space in Canadian waters

Beyond the Horizon Webinar
OCtO ber 291 2024 Aerial photo of North Atlantic Right Whale, Catalog #4714, NARWC, 2019.
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North Atlantic right whales

i)
Ak
¥

About 336 left in the world
Recently changed migration patterns v v 5 e

Suffer entanglements and vessel strikes
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Photo by Gina Lonati, University of New Brunswick
Drone research conducted under DFO SARA permit # DFO-GLF-MAR-2021-04 = N



TELE-COMMUNICATION
SATELLITES

Satellite detections helps detect and monitor

whales and compliments acoustic, aerial and ship-
based detections

© Maxar Technologies

© Maxar Technologies
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Filter by date
®

Filter by species

N ht Whale
Filter by calves sighted

Filter by platform type
Buoy

Filter detections by platform name
Filter by score/type

Filter by number of whales
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—This project is undertaken with the financial support of the Canadian Space Agency. —
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smartWhales
Initiative
CSA Funded

- Stream 1: Detection and Monitoring
2021-2024

- Stream 2: Prediction and Modelling
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Aerial photo of North Atlantic Right Whale, Catalog #4714, NARWC, 2019.
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SPACE-BASED DETECTION SYSTEM (SBDS)
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% Hatfield SmartWhales SBDS RN

Classify
(prescreen)

Pre-Processing Annotation
Very High And Detection and

: o Database Verification
Re§olut|on Chipping Whale Detection Tool
Satellite Images Algorithms

Detect

* Develop a prototype cloud-based automated processing system for detection of
whales in very-high-resolution (<0.5m) satellite data (with focus on NARW)

« Develop Al approach for finding individual whales over vast areas under different conditions

« Perform a representative validation in application concept from end-to-end (unseen data) 4"\



SPACE-BASED DETECTION SYSTEM (SBDS)

Very High
Resolution
Satellite Images

& Hatfield SmartWhales SBDS

Pre-processing and chipping

1 km

T

250 m

100 RM= —» 1500 to 43200 cmpg
(10 x 10 k)
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SPACE-BASED DETECTION SYSTEM (SBDS)
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Whale Detection

Al Model 1: Pre-screen Al Model 2: Object Detection

POSSIBLE OBJECTS OF INTEREST whale

NO OBJECTS OF INTEREST
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SPACE-BASED DETECTION SYSTEM (SBDS)

Classify Detect
(prescreen)

Human (MMO) Verification

Very High And

Detection and
Database Verification

Resolution Chipping
Tool

: Whale Detection
Satellite Images

Algorithms
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SPACE-BASED DETECTION SYSTEM (SBDS)

8* B o | Interactive Web Map
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https://smartwhales-dev.geoanalytics.ca/whalemap M &= B P

Start Date

0288 = B3
validated_definite v
¥
fle danticosti Fetch Detections
Isla
. Newfo
K
D Confiden Lo
3 0.9407 41.8602, 58
0.6919
0.8949
ympbe
o O 0 419811, -
4926 0.8646 41.8953, -70.4469
’ 5483 0.9952 41.8991, -70.3606
o 4192 0.6635 41,8441,
09737
Pre
09643 41,8924, -70.4103
Summerside Cape Breton
Islond
M
Halifax
v E




Marshifield

PERFORMANCE VALIDATION
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NARW Validation Data

4,640,000
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Projection: NAD 1983 UTM Zone 19N
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Automated whale detection

Human annotation

5400,000

Gulf of St. Lawrence

NARW Detectl on Campbeliton
Performance Evaluation

5,300,000

Projection: NAD 1983 UTM Zone 20N Bathurst

* Also used an archive scene from South Africa: subset of a scene from . H. C. Cubaynes and P. T. Fretwell, “Whales from space dataset, an annotated satellite image dataset of whales for
11 training machine learning models,” Sci Data, vol. 9, no. 1, Art. no. 1, May 2022, doi: 10.1038/s41597-022-01377-4.

S


https://doi.org/10.1038/s41597-022-01377-4

HUMAN ANALYSIS

« 30,892 image chips validated
/8 definite whales and 45 possible

* Definite whales:
« 20 in Cape Cod Bay
* 1inthe GoSL
* 57 In South Africa
« 3 of 5 Cape Cod Bay scenes
* 1 of 12 GoSL scenes
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PNEO, Cape Cod Bay

GeoEye, South Africa




VALIDATION RESULTS

South Africa

© Maxar Technologies

Whales missed by SBDS

Whales from SBDS that human
dismissed (false alarm)
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Cape Cod Bay

© Airbus

Definite
and
Possible

26%
80%

Definite
only

24%
90%!1

Example false alarm
(green) from waves/glint

© Maxar Technologies © Airbus

Definite

Definite
and |
Possible onty
25% 14%
5% 16%1

Note: Publication in progress

1. Precision will be lower because the correctly detected possible whales are now considered false alarms

Example missed whales
(brightness enhanced)
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VALIDATION RESULTS

* SBDS use results in 98% fewer
chips for human verification

« 479 out of 30,892 chips in this validation

« E.g. 258 hours vs. 4 hours
if avg 30 sec/chip

« SBDS found 75% of the whales
found by human validators
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PNEO, GoSL (full chip)

© Airbus

PNEO,
Cape Cod Bay (crop)

PNEO, GoSL (crop)

NARW Drone data (UNB)

NARW Drone data (UNB)
NMFS Permit No. 21371
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SUMMARY

« Current state: prototype whale detection system with fast scalable
processing in the cloud

« 10-20 min for 2100km? (not optimized)

« Can support current monitoring methods to gain more insights
« Continued analysis of known aggregation areas

« Rarely or irregularly surveyed areas
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TOWARDS NEAR-REAL TIME AUTOMATIC
DETECTION

» Challenges In data collection and latency
* Challenges In system accuracy
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CHALLENGE: DATA COLLECTION

 Satellite availability:
* Time of day

* Desired day

-
» Data delivery latency of day (local)

_ _ WorldView-2 50 cm 16.4 km 10:30 am
° Curren:[‘ly Wlth Plealdes ., WorldView-3 30 cm 13 km 10:30 am
NEO - “Just a few hours oa |
: C. egion 29 cm 9 km Various
after image acquisition (4 new + 2 anticipated)
Pleaides 50 cm 20 km 10:30 am
* COVG rage (Swath) Pleaides Neo 30 cm 14 km 10:30 am
Kompsat-3A 55cm 13 km 1:30 pm
e Cost | B |
Clarity-1 (anticipated 2025) 10 cm TBA TBA (fixed)

17 SpaceEye-T (anticipated 2025) 30 cm 14 km TBA



CHALLENGE: APPEARANCE AND NO. OF SAMPLES
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Possible

D

*briohtness/contrast/colour enhanced and not representative of model input
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CHALLENGE: VARYING WATER CONDITIONS

Good Moderate Average Sub-Average Poor Very Poor

« Unsure what whales look like in sub-average to very poor (no examples yet)

* From tasked data, most scenes in Gulf of St. Lawrence were average to poor
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LOOKING FORWARD

* Appearance and no. of samples
* Leverage aerial imagery + generative Al
» Species-level detections

* New locations: Pacific (Canada)

e \Water variations

 Further R&D into detection limits

* Data Collection

* New technologies and advances within
satellite industry
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LOOKING FORWARD

Predictive modeling

Collisionrisk map

Tasking

Updated ri
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detections

Automated detections
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