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Introduction

Improved on lightweight CNN‐BiLSTM
model for automatic detection of blue and
fin whale vocalisations
Added boundary proposal network to gate
model output probabilities using
intermediate latent features
Design a principled optimisation framework
that reduced fragmentation for coherent
detection

Motivation

Why Automated Whale Call Detection?
Blue & fin whales: Endangered & vulnerable
(IUCN Red List)
Passive Acoustic Monitoring (PAM):
Non‐invasive, cost‐effective approach
Challenge: Massive data volumes (>76,000
hours)
Manual annotation: labour‐intensive,
requires expertise

Data

Dataset Recording (h) Annotated
Whale Call (h)

ballenyisland2015 204 2.8
casey2014 194 14.2
elephantislands2013 187 16.1
elephantislands2014 216 28.1
greenwich2015 32 2.1
kerguelen2005 200 3.5
maudrise2014 83 5.7
rosssea2014 176 0.1

Total training set 1292 72.6
casey2017 185 6.1
kerguelen2014 200 11.4
kerguelen2015 200 7.4

Total development set 585 24.9

2025 BioDCASE (Task 2) dataset contains
strongly labeled blue‐and fin‐whale calls)
11 Antarctic sites from 2005 to 2007:
8 training and 3 development
7 call types: 4 blue whales and 3 fin whales
Collapsed calls:

BmA + BmB + BmZ → bmabz
BmD + BpD → d
Bp20 + Bp20plus → bp
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Pre-processing

Proposed system
1. Intermediate Projection Heads

Extract features at 3 depths in backbone
Conv2D + BatchNorm + GELU + MaxPool
Separate weights per depth

2. Proposal Network
Concatenate all projection head outputs
2× Transposed Conv layers
Generates multiple ROIs per head

3. BPN BiLSTM
Process ROI sequences temporally
Output: Confidence detection scores

4. Weighted Averaging
Learned weights across ROIs
Produces BPN mask (0→1)

5. Gating Mechanism
Multiply mask with classification probabilities
Suppresses false positives

Post-processing

Frame‐level Techniques
Median filter: Replace probability with median
value in neighbourhood
Threshold hysteresis: Different ON/OFF
thresholds
Hangover: Majority vote in sliding window over
past neighbours

Event‐level Techniques
Minimum event duration
Maximum event duration
Minimum inter‐event duration

Optimisation
Backward‐search: Search event‐level
parameters before frame‐level parameters
1. Stage 1 (Event‐level)

Fix thresholds (equal precision‐recall point)
Optimise duration constraints

2. Stage 2 (Frame‐level)
Fix event‐level parameters
Optimise filters, thresholds, hangover

Forward‐search: Reverse order (similar per‐
formance)

Results

Call type Fold 1 Fold 2 Fold 3 Final F1Dev Test Dev Test Dev Test

No Optimisation

bmabz 0.615 0.620 0.620 0.657 0.631 0.536 0.628
d 0.136 0.049 0.106 0.128 0.099 0.168 0.126
bp 0.494 0.038 0.286 0.386 0.217 0.521 0.315

Event‐level selection

bmabz 0.634 0.686 0.665 0.620 0.670 0.591 0.663
d 0.212 0.162 0.226 0.186 0.199 0.220 0.219
bp 0.529 0.029 0.291 0.446 0.237 0.560 0.348

Frame‐level selection

bmabz 0.626 0.698 0.659 0.632 0.665 0.621 0.669
d 0.209 0.223 0.233 0.175 0.199 0.242 0.222
bp 0.530 0.029 0.302 0.485 0.257 0.575 0.363

bmabz d bp
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Model IoU Recall Precision F1

WhaleVAD 0.588 0.458 0.320 0.377
WhaleVAD + optimisation 0.601 0.391 0.458 0.422
WhaleVAD‐BPN + optimisation 0.625 0.463 0.488 0.475

Conclusion
+16.8% absolute precision improvement
Maintains high recall
Substantial gains for minority classes
Better temporal localisation
Remains lightweight & computationally
efficient

Impact
Fewer false alarms → less manual verification
Better minority‐class detection → discover
rare calls
Enables large‐scale population monitoring
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