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Fig. I. The Seabed AUV (top left) has been designed for high-resolution imaging close to the sea floor. It is capable of working very close to the sea 
floor, as illustrated by the mission depth profile (top center) at a coral reef in the US Virgin Islands. During this mission, it followed the sea floor 
bathymetry at a height of 3 m across a steep cliff in varied terrain. Even in such challenging environs, the Seabed AUV can obtain high-resolution, 
high-quality color imagery (bottom row). Original color image appears at back of this volume. 

terrain, and backscatter from the water column 
all combine to make image registration under
water a difficult task. Our systems-level solu
tion to the problem (as described above) has 
been to use a combination of technologies to 
collect color-balanced images that can be 
coupled with precision navigation and closed 
loop control associated with the vehicle, to allow 
automatically constructed photomosaics,such 
as the 27-image mosaic shown in Figure 3. 

Typically, overlapping imagery with a struc
tured survey is collected, and after color com
pensation of each image, features based on 
the Harris corner detector are extracted, and 
they are encoded individually using Zernike 
basis functions. Features in Zernike space can 

then be compared across an overlapping 
image pair to estimate the transformation for 
that pair of images. In a sequential manner, 
image topologies can thus be generated, and 
in a final step, combined into a single photo
mosaic [Shank et al., 2002]. 

These efforts highlight the possibilities asso
ciated with such work for underwater imaging 
platforms in general. Small AUVs, such as 
Seabed, are necessarily constrained in the 
amount of light available for optical imaging. 
T hey are also constrained by their size, to hav
ing a limited camera-to-light separation. Our 
ability to provide high-color fidelity and reso
lution for imagery obtained from a small AUV 
highlights the possibilities associated with 

optical imaging from other platforms such as 
the Jason ROV and the DSV Alvin. A number 
of these imaging technologies have been suc
cessfully transitioned to other assets within 
the academic community, including the Jason 
ROV and the Abe AUV. Efforts are also currently 
underway to make these photomosaicking 
technologies widely available for academic 
users. 

Further details about the Seabed AUV can 
be found at Web site: http://www.whoi.edu/ 
DSUhanu/seabed. Our efforts with regard to 
the use of this asset are continuing through 
funded work on the engineering aspects as 
well as through scientific research cruises.The 
low costs associated with using this AUV make 



Eos, Vol. 85, No. 31, 3 August 2004 

Fig. 2.A typical raw (top) and color-compensated (bottom) image obtained by using the 
Seabed AUV off Stellwagen Bank in 65 m of water. The image footprint covers an area of 
approximately 3 m x 3 m. Original color image appears at back of this volume. 
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Fig. 3. A 27-image photomosaic of a rock pile in Stellwagen Bank, off of the Massachusetts 
coast, along with two of the original color-equalized images that went into constructing it. Each 
image encompasses an area of 3 m x 3 m, with the total mosaic spanning 35 m in length. 
Original color image appears at back of this volume. 

it an ideal platform for conducting long-term, 
repeatable time series surveys at sites of inter
est. Collaboration with those interested in 
using this asset is encouraged. 
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Fig. 3. A 27-image photomosaic of a rock pile in Stellwagen Bank, off of the Massachusetts 
coast, along with two of the original color-equalized images that went into constructing it. Each 
image encompasses an area of 3 m x 3 m, with the total mosaic spanning 35 m in length. 
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