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Very Interesting 
and Challenging 

It is also 
Extremely 
Important! 

2 Take Home Messages about 
Computer Vision in the Ocean  



h"p://oceandiscovery.xprize.org/	  



What’s Out There? 

New Species 
Biotechnology: 
source for new proteins 

Only 5% the Ocean Floor has been Seen 
~50% of the species undiscovered 

gas and oil 

defense 

water via 
desalinization 

More space 

food supply 



Deep Sea Research in Israel 

Discovery of gas à  
No research facilities and experience 
Needed: deep ocean science 

The Israel Center for Mediterranean 
Sea Research 

A Proposed National Scientific Consortium  
In cooperation with Israel’s Council for Higher Education 

Professor	  Zvi	  Ben-‐Avraham	  
Head	   of	   the	   Mediterranean	   Sea	  
Research	   Center	   of	   Israel	   and	  
Founding	   Director	   of	   the	   Leon	   H.	  
Charney	  School	  of	  Marine	  Sciences	  



Dept. for Marine Technologies 
School of Marine Sciences, U. Haifa 

Labs: Marine Imaging 

Subsea Engineering 

Underwater Acoustics 

Applied Marine Exploration 

Fluid Dynamics 



Challenges:  
 
1. Visibility, Color and 3D 

Treibitz & Schechner PAMI 2009 



Photometric Stereo in a Scattering Medium 

Photometric Stereo in a Scattering Medium, Murez, Treibitz, Ramamoorthi and Kriegman, ICCV 2015 

ground truth 

our result object in turbid medium 
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Courtesy	  of	  Yizhak	  Makovsky	  

Off-shore Palmahim, 700m 

Hagai	  NaMv,	  INEAP	  	  

Haifa bay, 20m 

With	  Morel	  Groper,	  Subsea	  engineering	  lab	  

VDP algorithm having no notion of the spatial distribution
or depths at which these images were collected. Consistent
spatial trends and an examination of the resulting image
clusters suggest that these methods are successfully group-
ing common habitat types based on their image signatures.
These groupings can help to guide end users who are inter-
ested in performing detailed analysis of a particular subset
of the habitats surveyed during a dive.

Results to Date
The IMOS AUV facility program has been running since
2007. Over the course of four years, we have conducted
hundreds of dives at sites located around Australia. Figure 7

shows a summary of the dive locations visited during this
period. As outlined above, the focus of the sustained obser-
vation program has shifted to the establishment of benthic
reference sites on both the east and west coasts along the
full latitudinal range of the continent. The symbols on the
figure designate the survey sites and are color coded by
dominant habitat and sized proportional to the number of
images currently available in the IMOS AUV facility image
archive. Table 2 shows details of the locations, number of
images, and minimum and maximum depths imaged at
each site.

The first deployments undertaken as part of the estab-
lishment of the IMOS AUV facility benthic reference
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(a) Texture Mapped Mesh of Shallow (Left) and Deep (Right) Survey Sites at St. Helens Island, Tasmania

(b) Stereo-Based Bathymetric Profile of Shallow (Left) and Deep (Right) Survey Sites at St. Helens Island, Tasmania
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Figure 3. (a) A dense seafloor bathymetry derived from stereoscopic imagery. In this instance, the AUV was programmed to
complete double overlapping grids near shore. (b) The corresponding surface model derived from the stereo bathymetry. (c) Details
of 3-D reconstruction of the boulders overlaid with the texture-mapped imagery. (d) When the texture mapping is removed, the
structure of the scene becomes apparent. The stereo bathymetry allows the large boulders and the remnant kelp patches covering
the survey site to be seen in fine detail. (Images courtesy of the Australian Centre for Field Robotics.)
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AUV for Visual Surveys of the Seabed  
New project funded by MOST 



Challenges:  
 
2. Identification and New Modalities 



Automatic Identification of the Sea Bottom 

Beijbom et al, Improving Automated Annotation of Benthic Survey Images Using Wide-band Fluorescence, Scientific Reports 2016 



Fluorescence increased accuracy of 
Automatic Annotations in 22% 

Beijbom et al, Improving Automated Annotation of Benthic Survey Images Using Wide-band Fluorescence, Scientific Reports 2016 



Fluorescence increased accuracy of 
Automatic Annotations in 22% 

Beijbom et al, Improving Automated Annotation of Benthic Survey Images Using Wide-band Fluorescence, Scientific Reports 2016 



Fluorescence increased accuracy of 
Automatic Annotations in 22% 

Beijbom et al, Improving Automated Annotation of Benthic Survey Images Using Wide-band Fluorescence, Scientific Reports 2016 



Fluorescence increased accuracy of 
Automatic Annotations in 22% 
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Beijbom et al, Improving Automated Annotation of Benthic Survey Images Using Wide-band Fluorescence, Scientific Reports 2016 



1cm

New Challenge: Finding Coral Recruits 



Challenges:  
 
3. Medium and Scale 



100μm	   100μm	  
100μm	  

Illumination Housing 

Imaging Housing 

Imaging 
Volume 

In Situ Bright Field Microscopy 
Control Housing 



The BUM: Benthic Underwater Microscope 

500 µm 50 µm 500 µm 
50 
µm 500 µm 

50 
µm 

Mullen et al, Underwater Microscopy for In Situ Studies of Benthic Ecosystems , in review 



Open Positions for Talented  
Graduate Students and Post-Docs 

ttreibitz@univ.haifa.ac.il 
marsci.haifa.ac.il/profiles/tTreibitz/ 


