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Schools of 
herring

Illustration of  an AZFP-generated echogram [1].

Perform a comparison between machine learning-based approaches for the automatic detection of  marine species in 
echograms.



Multi-frequency, heterogeneous morphology

1
Motivation

Sample 1-hour echograms measured with a fixed-position echosounder (see Sec. III-A). First row: (a) 67 kHz echogram with range (y-) and time (x-) axes, and acoustic echo intensity; 
(b)-(d) the same echogram at other frequencies. Second row: four echograms (only 67 kHz is shown) containing various schools identified by red bounding boxes.
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Hand-crafted

• Most common in the related
literature (see Sec. I-B from the
manuscript)

• Novel Region of  Interest (ROI)
extractor
- Herring-specific assumptions

• Support Vector Machine (SVM)
- Four hand-crafted features

Hybrid

• Novel Region of  Interest (ROI)
extractor
- Herring-specific assumptions

• Custom deep learning-based
image classifiers (ResNet [22],
DenseNet[23], Inception [24])

End-to-end

• Custom-trained end-to-end 
object detectors 
(Faster R-CNN [25], 
YOLOv2 [26])

• Novel tiling approach
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General block diagram of  hand-crafted and hybrid approaches (a) and end-to-end approach (b). Red bounding boxes highlight the identified targets in the 
final results, shown on colour-coded echograms for better visualization.
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Proposed Approach

Echograms from the same site captured using four different frequencies.
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Region of  Interest (ROI) extractor

2
Proposed Approach

• Median filter on the x-axis (time direction)
• Short signals (individual fish)

Result of  the median filtering (67 kHz shown).
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Region of  Interest (ROI) extractor

2
Proposed Approach

• Region-specific thresholding

Result of  the adaptive thresholding (67 kHz shown).
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Region of  Interest (ROI) extractor

2
Proposed Approach

• Removes small sets of  connected components

Result of  the morphological operations (67 kHz shown).
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Region of  Interest (ROI) extractor

2
Proposed Approach

• Sum the values on all four frequencies (binary)
• Max value for a given position: 4

Morphologically filtered echograms (left), score matrix (right).
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Region of  Interest (ROI) extractor

2
Proposed Approach

• Only positions with intensities > 2 are kept (i.e. signals present in 
three or more frequencies) 

Filtered Score Matrix (left), unfiltered Score Matrix (right).
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• Only positions with intensities > 2 are kept (i.e. signals present in 
three or more frequencies) 

Filtered Score Matrix.
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Region of  Interest (ROI) extractor

2
Proposed Approach

• Removes small acoustic responses (usually associated with 
individual fish)

• Threshold: 50 pixels
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Region of  Interest (ROI) extractor

2
Proposed Approach

• Bounding boxes (BBs) around remaining structures. 
• 67 kHz (more pronounced response for schools of  herring)Denoising
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Region of  Interest (ROI) extractor

2
Proposed Approach

• Ignore a BB with 𝛼𝛼 < 60°
• Contextual information about schools of  herring Denoising
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Region of  Interest (ROI) extractor
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ROI extractor
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General block diagram of  hand-crafted and hybrid approaches (a) and end-to-end approach (b). Red bounding boxes highlight the identified targets in the 
final results, shown on colour-coded echograms for better visualization.
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Hand-crafted (SVM) approach

2
Proposed Approach

Energetic

• Mean Intensity

Morphometric

• Ratio between major 
and minor axis

• Eccentricity
• Circularity

Custom-trained 
SVM classifier

Classification Result:
Herring / 

Background

Output from the ROI extractor

School of  herring-specific features

Binary classification task
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Feature extraction 
network (CNN-based)

ResNet-50 [22]
DenseNet-201 [23]

InceptionNetV3 [24]

Classification Result:
Herring / 

Background

Fully-Connected 
Layers

Neural Network

Custom-trained image classifier

Feature maps

Trained with 286 
echograms (total of  617 

schools of  herring)

Hybrid approach

Binary classification task

Output from the ROI extractor
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End-to-end approach: scale issue

Resizing

Scale a

A generic convolution-based feature extractor (adapted from Pinaya et al., 2020).

Pinaya, W. H. L. et al. Machine Learning: Methods and Applications to Brain Disorders. Academic Press, 2020, pp. 173-191.
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End-to-end approach: scale issue

Resizing

Scale a Scale b>>>

A generic convolution-based feature extractor (adapted from Pinaya et al., 2020).

Pinaya, W. H. L. et al. Machine Learning: Methods and Applications to Brain Disorders. Academic Press, 2020, pp. 173-191.
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Tiling strategy

224x224

No resizing

A generic convolution-based feature extractor (adapted from Pinaya et al., 2020).

Pinaya, W. H. L. et al. Machine Learning: Methods and Applications to Brain Disorders. Academic Press, 2020, pp. 173-191.
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Tiling strategy

Tiling strategy used for training and inference. Original echogram (571x1200) with ground truth annotation highlighted in yellow (a). Tiles of  340x340 created 
around the annotation for the training phase, highlighted in yellow (b). Multiple tiles (green), with the first tile highlighted in black, and individual detection results 
(red bounding boxes) obtained during inference (c). Detection bounding boxes (red) obtained after post-processing (d).
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• May - October 2015 and 2016

A pixel represents:
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358 annotated 
echograms

10 cm

3 s

• Canada’s Department of  Fisheries and Oceans (DFO)

• ASL Environmental Sciences’ AZFP [1] echosounder

• Okisollo channel, BC, Canada

• May - October 2015 and 2016

A pixel represents:

80%
Training/validation

• 286 echograms
• 617 instances of  schools 

of  herring

• Tiles for the end-to-end 
approach

20%
Testing

• 72 echograms
• 128 instances of  

schools of  herring

358 echograms
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1) Hand-crafted (SVM) 2) Hybrid (InceptionV3 [24]) 3) End-to-end (YOLOv2 [26])

Ground truth

Detection
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• Three machine learning-based approaches:
• Hand-crafted features
• Hybrid 
• End-to-end

• ROI extractor 

• Tiling strategy (scale limitations)

• Dataset of  358 annotated echograms

• Hybrid approach (IoU threshold 0.3)

• End-to-end approach (IoU threshold 0.5)
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• ROI extractor 

• Tiling strategy (scale limitations)

• Dataset of  358 annotated echograms

• Hybrid approach (IoU threshold 0.3)
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Scalable
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