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INTRODUCTION

 Global warming, especially ocean acidification and warming can have 

significant effects on marine ecosystems [1, 2, 3]

 These changes can cause stresses to ecosystems and studies of 

ecological level behavior can give additional context to these changes [5]

 Manual annotating of the expansive amounts of underwater video for 

this purpose is prohibitively expensive [4, 5]

 We propose a novel end-to-end behavior detection framework which 

provides track-wise (can be down-sampled to clip-wise) detection of 

startle events

 We focus our efforts to sablefish (Anoplopoma fimbria) startle events for 

this study

 We also offer a dataset of sablefish startle events with multiple levels of 

data annotation
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RELATED WORKS

 Several works provide solutions for organism counting but these methods 

lack higher level understanding of organism behavior [6,7,8]

 Previous work on organism detection is not trivially extended to behavior 

detection 

 Current event detectors, for example ReMotENet [9] do not provide 

instance-level behavior identification 

 A system of abnormal event detection on intra-class domains, with similar 

difficulties to behavior detection, was offered by Ionescu et al. [10]
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PROPOSED SOLUTION
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 We deploy a YoloV3[11] object detector to initially detect sable fish

 The Hungarian algorithm is used to generate loss minimizing 

associations as tracks

 A Long Short Term Memory (LSTM) classifier is used to categorize 

tracks based on 4 time series track metrics

 The LSTM classifier was chosen to use the temporal relationships of 

the metrics
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BEHAVIOR SPECIFIC 

FEATURES

 We propose four domain specific metrics for the sable 

fish startle detection problem

 Track speed

 Track direction 

 Track detection aspect ratio 

 Local Momentary Change Metric (LMCM)

 These were found to be the minimal constraining 

metrics for the problem

 These metrics can be customized for specific problem 

domains
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Example LMCM output on RGB image series.

Example tracks with width and heigh for track aspect ratio 

labeled.

LMCM 3D (x, y, temporal) convolution kernel. 



SABLEFISH STARTLE DATASET

Data Split Clips Startle Clips Tracks Startle 

Tracks

Train 642 321 1533 323

Validation 150 75 421 80

Test 100 50 286 50

 The provided dataset contains 3 levels of annotation.

 600 single images, with sable fish detection ground truths

 892 4 second clips classified for the existence of any startle 

event 

 2240 tracks classified for the existence of a startle event

 All tracks and individual images are generated from the 

892 clips

 Tracks less than 2 seconds are discarded

 Videos are provided at 10 frames per second
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RESULTS

Method Track 

AP

Track 

BCE

Clip 

AP

Clip Recall

Ours 0.85 0.412 0.67 0.58

ReMotENet[15] N/A N/A 0.61 0.50

 We compare out network to a state of the art event detection 

method ReMotENet[9] 

 ReMotENet cannot generate track-wise startle detections 

 We provide our method’s track-wise and down-sampled clip-

wise classifications

 The degradation of track-wise AP to clip-wise AP is due to lost 

tracks and the high noise sensitivity of the maximal 

conversion
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CONCLUSIONS

 Our proposed method generates semantically richer track-wise 

annotations

 We intend our methods to enable long term studies on fish 

behaviour over time for climate change related ecological 

information

 The generated dataset for sablefish behaviour provides multiple 

levels of annotation as a benchmark for organism behaviour 

detection

 Our method after down sampling outperforms an existing state of 

the art event detector ReMotENet[9]

 Future work will address more behaviours and associated track 

metrics
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