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1. Slide a window over the terrain 3. Fit a plane 
to the points 
using PCA 

4. Project points onto 
plane and compute 
projected areas 

5. Compute rugosity, slope and aspect 
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A. Friedman, O. Pizarro, S. B. Williams, and M. Johnson-Roberson, “Multi-Scale Measures of  
Rugosity, Slope and Aspect from Benthic Stereo Image Reconstructions,” PLoS ONE, vol. 7, no. 12, p. 14, 2012. 





Slope Aspect 

Rugosity 1x1m Rugosity 5x5m Rugosity 10x10m 

Measurement can be done 
at multiple spatial scales 

 
RUGOSITY clearly shows 
different habitat types 



Repeat surveys: day & night 

Urchin Barrens in Tasmania 



Day survey  
no kelp, no urchins 



Night survey  
lots of urchins! 

Night 

Day 



Repeat surveys across 
multiple years 

Coral bleaching in 
Western Australia 



M. Bryson, M. Johnson-Roberson, O. Pizarro and S. Williams, 
"Repeatable Robotic Surveying of Marine Benthic Habitats for 
Monitoring Long-term Change", Workshop on Robotics for 
Environmental Monitoring at Robotics: Science and Systems, Sydney, 
Australia, July 2012. 
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MILLIONS of images collected for IMOS 



MILLIONS of images collected for IMOS 

eg: 
50 random pixels in 
1% of collected images 
=0.000035% of data analysed 

eg: 
ALL pixels in  
ALL collected images 
=100% of data analysed 



Manual 
human 

annotation 

Segment images &  
compute features 
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•Identify benthic biota  
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Ariell Friedman, (2013) Automated interpretation of benthic stereo imagery. PhD Thesis, University of Sydney 
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South East Tasmania 
 
 11 dives 
 > 100,000 images 
 20 clusters 
 ~10 mins 



Ecology 

Archaeology 

Geoscience 

Methane hydrates, 
WHOI/ACFR, 
2011/2013 

Deepwater Horizon, 
WHOI/ACFR, 2010 

Sicily, RPM/ACFR, 
2011/2013 

EV Nautillus (Caribbean), 
URI/OET/ACFR, 2013/2014 

EV Nautillus (Med), 
URI/OET/ACFR, 2010-2012 

NOAA, 
Umich/Nottingham/ACFR, 
2015 

Antikythera, 
WHOI/Argo/ACFR, 
2014/2015 

Pavlopetri, 
Nottingham/ACFR, 
2010/2011 

Fukushima, 
UTokyo/ACFR, 
2014 

Artificial Hydrothermal, 
UTokyo/ACFR, 2014 

Scott Reef, 
SOI/WHOI/URI/UH/ACFR, 

2015 

Lizard Island, St 
Andrews/UMacQ/A
CFR,  2013-2015 

IMOS 



Artificial hydrothermal vents 

 
Japan 2014 



Submerged 
city of 
Pavlopetri, 
in Greece 
 
Comparing stereo 
photogrammetry 
to traditional 
mapping methods 

Archaeological map based on 
years of measurement AUV Surveys done in 3 days IVER AUV 





1st Century Shipwreck 

2014 & 2015 
Antikithera, Greece 





MANAGING DATA AND  
STANDARDIZING ANALYSIS 

Problem: 
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http://helpscience.marine.acfr.usyd.edu.au 



Future directions for squidle 
• Support for additional platforms, data types & data sources 

 
• Video annotation interface 

 
• Automated machine learning tools & active learning 

 
• Incorporate novel & flexible annotation schemes 
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