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Evolution of coral reef surveys 
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Manual Annotation 
Software 



Typical reef surveys 

!  Collect images 

!  Annotate image 
!  Scatter random points 

!  Assign labels 

!  Calculate coverage 
"  50% Porites 
"  16.7% Sand 

"  ... 

!  Calculate reef coverage 
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Automated annotation 

!  Automated annotation method1 

!  Color and texture descriptors. 
!  Multiple scale around location of 

interest 
!  Learns from previously annotated 

data 
!  Runtimes: 30 second per image 

at test time. 
!  ~80% accuracy compared to a 

single expert. 
!  How good is good enough? 

!  What level of accuracy can be 
expected? 

!  How well does the method 
generalize? 
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[1] "Automated Annotation of Coral Reef Survey 
Images", Beijbom et. al., CVPR, 2012 
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The Inter Operator Study 

Moorea Line Islands Nan-Wan Bay 
(Taiwan) 

Heron Reef 
(GBR) 

Archived 
Host 
Visiting 
Machine 



Machine operation modes 

!  Machine abstain on 
difficult decisions. 

!  These decisions are 
deferred to human 
expert. 

!  Machine errors can be 
characterized on the 
training data 

!  Use this to achieve 
unbiased estimates of 
abundances1. 

ALLEVIATE ABUNDANCE 

[1] “Estimating the taxonomic composition of a sample when individuals are classified with error”. 
Andrew Solow, Cabell Davis and Qiao Hu. MEPS 2001 



Coverage statistics results 
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What is next? 

Moorea Coral Reef NSF Long Term Ecological Research 



What is next? 

Random sampling with 
a “machine in the 

loop” ? 



What is next? 

Descriptors and learning method are generic. Sampling 
method and abundance correction generic. 
The sky ocean floor is the limit! 
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Automated annotation in the web 
browser. Publicly available. Check it out! 
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Bonus Material 16 



Automated annotation 
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Small symbols are ground truth, 
large are computer annotations 



Moorea Coral Reef LTER 
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Accurate prediction within, 
and across, years: (80%) 

Accurate estimation of coverage: 
Slope = .94, Corr. coeff. = .96 
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How good is good (enough)? 

!  80% accuracy compared to a single expert. 
!  On one pacific reef location. 
!  What level of accuracy can be expected? 
!  How well does the method generalize? 



Accuracy overview 
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