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Project Title:

Benthic Imaging AUV
1) ABSTRACT (new projects only)
2) PROPOSAL
a) Continuing Projects

Current status of project and results to date:
Most of the work for the Benthic Imaging AUV (BIAUV) was scheduled for the fall of ’08, however we have still made good progress.  This project is to develop the capability to capture high quality images of the seafloor from MBARI’s Dorado-class AUVs.  To do this we need to develop:

1. A lighting system that is bright enough for high resolution color imaging from 3m altitude, yet reduce backscatter.

2. A camera system capable of rapidly capturing and processing high resolution images.

3. A data system that can embed the relevant metadata inside each image so they can be easily retrieved and manipulated from mass storage.

4. An image processing capability that can easily assemble adjacent images in spatial mosaics.
We are focused on tasks 1 and 2 during 2008.  During 2009 we will continue to refine tasks 1 and 2 as well as address task 3 and 4.

The greatest challenges of this effort are:

1. Safe AUV flights close enough to the seafloor for high quality imaging.

2. Provide enough light and to capture and store overlapping images (every 1.5 seconds).  This is required to create image mosaics at the AUV’s lowest speed.

Operational experience during the AUV Docking project provides confidence that the first challenge is tenable; therefore we were focused on the second challenge during in the first half of ’08.  We also designed the mechanical, electrical and software systems and are now preparing for our engineering review. We will move forward with camera and strobe integration next, followed by sea-testing in the fall.

What we have completed so far:

1. Drafted a set of Functional Requirements for the camera and lighting.

2. Prior to the project start, we selected and purchased a 12 MP Nikon SLR that met the Functional Requirements.  We were asked to make this purchase using 2007 funds.  We mounted the camera in a 17” sphere with a ground and polished port for testing. 
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Figure 1: Nikon SLR mounted in 17” polished sphere
4. Selected a commercial Xenon strobe capable of 1m-sec strobe pulses every 1.5 seconds.  Tested and repackaged the strobes into 6km housings.

5. Performed a 3m range test comparison between the Nikon SLR and a 5MP Prosilica machine vision camera (Benthic Rover’s) mounted in a flat-port housing.  The greater resolution of the Nikon and chromatic distortion from the flat port confirmed we needed a >10MP camera and dome port optics.  
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Figure 2: Portion of test image from a 5MP camera behind flat port on left, 12 MP behind dome on right.  Chromatic distortion in the left image is from the flat port.   Less pixilation on the right image is a function of the higher resolution and the gradation of  black to gray in the box may be a result of higher dynamic range.
6. Designed the AUV mechanical layout and identified and ordered long-lead items.
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Figure 3: Benthic Imaging AUV mechanical layout.
7. Developed an AUV software driver for the Nikon and worked out an electrical and software layout to power and control the camera.

8. Refined the AUV control software developed under AUV Docking for use in this project and connducted mission simulations.

Conclusions from 2008 work thus far:

1. Even with a narrow field of view (50 deg), a dome port is required

2. We can resolve ~1mm at 3mm range with a camera with >10 MP resolution across a 3m wide field of view.
3. A Nikon SLR will work for this application, though autonomous operation of this consumer camera in the AUV has proved challenging.  In addition, the Nikon SLR will require a very large housing (9.25” ID) that will be very expensive for 4 or 6 km depth rating.  
4. The polished glass ball is ideal for camera evaluation and lens selection, but imperfections in the glass and the relatively large size are not ideal.
5. Autonomous control of a Prosilica machine vision camera has been developed under the Benthic Rover project though the Rover camera and housing cannot be used for this effort.  Therefore we are planning to evaluate and probably switch to a larger and higher resolution (11 MP) version of the Rover camera later this month. This will allow this project to join forces and leverage work going on in other imaging projects within the institute.  We expect the Smith lab to adopt this camera for their tripod camera and hope any new camera efforts can use one of the many camera modules built by Prosilica.
What we expect to complete by the end of 2008:
1. Integrate the Prosilica camera into a 13” diameter polished glass sphere housing.

2. Build up the AUV with the Prosilica camera, two strobes, USBL navigation sonar and an obstacle avoidance sonar.

3. Field test AUV and collect high resolution images of the seafloor.
4. Demonstrate controlled low-altitude flight and overlapping still images.

Significant changes from previous project proposal 
1. Added a second strobe for more even illumination
2. We plan to investigating range-gating techniques to minimize backscatter

Publications based on the results of this project only
No publications yet

b) New and Continuing Projects: Plans for 2009
Engineering/technology development

During 2009 we propose to further refine the camera and lighting system demonstrated in ’08 as well as streamline the data handling and then focus on missions for science.
Tasks for 2009 include:

1. Complete Prosilica software support and AUV integration.  We hope to secure additional time in late ’08 to finish this software task but list it here if we are unsuccessful at lobbying for additional Software Engineering in ’08.

2. Have a custom housing and dome optics designed and built for the 11 MP Prosilica camera with a fixed focal length lens.

3. Migrate the AUV electrical interface to the new camera housing.

4. Add two lasers to the AUV for target scaling.

5. Refine the low-altitude AUV control and imaging navigation.

6. Integrate a Benthos acoustic modem and develop remote-tracking navigation like that used on the mapping AUV.  This will remove the requirement for seafloor transponders during transects.  Parallel track mosaics will still require seafloor transponders.
7. Operate the BIAUV during 3 engineering dives.

8. Operate the BIAUV during 4 science dives.

9. Adapt existing data-handling software to offload and imbed AUV metadata into each image.

10. Tank test investigation of Range-Gating using Rover’s low-light monochrome camera and a prototype LED array.  We expect to need some technique of backscatter reduction to image in areas with suspended particulate, e.g. near canyon axis and water <80m.
Field programs (detail ship requirements/deployments)
We plan to conduct three engineering dives and four science missions in 2009.

Specific deliverables
1. Benthic images covering Dr. Barry’s benthic survey along Smooth Ridge.

2. An image mosaic to support the Marine Protected Area (MPA) project.

3. An image mosaic of  a yet to be determined target, perhaps a whale fall

Milestones

1. AUV operational with camera, lasers and USBL navigation - March

2. AUV operational with remote navigation - June

3. First Science mission - July

4. Second Science mission - September

5. Third science mission  - October

Budget justification

1. Camera housing from Insite Pacific = $9500.

2. Scaling Lasers = $8300

3. Benthos Acoustic Modem = $6000

4. Upgrade AUV components = $4800

5. Mass storage for images (500GB) = $7500

6. Acoustic Transponder with float and release = $8500

7. Prototype LED panels = $2000

Project team
Brett Hobson:  principle investigator and project manager

Jim Barry: Lead Scientist

Rob McEwan: Controls engineer

Alana Sherman: Electrical engineer

Kent Headley: Software engineer

Rich Henthorn: Software engineer

Hans Thomas: AUV systems engineer

Steve Rock and Charlie Paull:  MPA project Collaborators 

Lonny Lundsten: Image mosaic creater
Project lab space
We currently share space with the DMO AUV group, and the high-bay.  We request additional lab space or permanent vehicle storage space outside of the AUV lab.
Data availability outside project team, uniqueness

All data generated with the BIAUV will be stored on MBARI’s internal servers which will be managed and backed up by IS.  Interested parties will have access to all data that is generated. Publications of results in refereed, international journals will proceed in a timely manner.

Risk matrix (development and infrastructure projects only)
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	X

	Medium
	X
	
	X
	

	Low
	
	X
	
	


3) MILESTONES (new and continuing projects)

	
	Milestone 1
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	Milestone 3
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	Milestone 5
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 for each resource category for all milestones listed here
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	EE Tech
	
	
	
	
	
	

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	
	
	
	
	

	Machine Shop
	
	
	
	
	
	


EE

The chief electrical engineering task will be to provide power and communications signals between the proposed benthic imaging camera system and the existing AUV main vehicle controller and battery bus. The BIAUV camera system will be built around a Prosilica Gigabit Ethernet camera. This camera will send images via a high speed Ethernet connection to a CPU board running Linux, from there the images will be transferred to an external memory bank. Two strobes will be triggered by a digital output signal from the camera, this signal synchronizes strobe illumination to the shutter opening. Each strobe is powered by a 7.2 V vicor DC-DC converter, which down converts the vehicle bus voltage. During each charge cycle the strobe appears as an open circuit due to it’s large capacitance, to ensure safe charging a current-limiting circuit will be designed to limit the in-rush current and keep the charge current within the limits of the Vicors. A similar camera-strobe system has been built and tested on the Rover, so we have good confidence this will work for the AUV application. We will also use time next year to explore the potential of using LED lights for illuminating the field. 

The Benthic Imaging AUV (BIAUV) project spent the early part of the year evaluating cameras and initially planned to use a digital SLR (Nikon D3) in some sea trials this year. Among the software engineering objectives for 2008 were to evaluate and develop an appropriate software interface between the camera and vehicle. The software engineering allocation (20d) for these activities was spent investigating different options for integrating cameras with the vehicle, evaluating camera control protocols and applications (e.g., gphoto), researching some metadata management options and writing an AUV interface for the Nikon D3. The interface developed for the Nikon D3 is complete and provides basic image triggering capability along with the ability to embed latitude, longitude, altitude and timestamp as each image as it is captured. However, the interface does not currently support camera configuration. 

SE

The Nikon D3 stores images on two compact flash cards inside the camera body. The current density of compact flash limits the number of images that may be stored during a mission and would probably require that images be uploaded between missions. Also, supporting camera configuration during the mission with the current vehicle architecture and available open source software packages is somewhat problematic. Applications like gphoto are not supported under QNX, and may or may not fully support any given camera (though there is good support for the Nikon D3). Camera protocols are somewhat standardized on variants of PTP (picture transfer protocol), though many manufacturers use proprietary extensions and modifications to the standards. These standards can be difficult to obtain; the gphoto developers have essentially reverse engineered the PTP protocol and many proprietary extensions to write drivers for dozens of cameras. The open source project is active and gphoto works quite well, but there is some some risk associated with it since it may not support all necessary camera features and may not provide a clear migration path to other cameras in the future.

Some of these issues could be resolved by including a dedicated single board computer (SBC) dedicated to camera control and image storage. This would make the camera payload independent of the vehicle operating system and provide support for applications like gphoto, but would not immediately address the issues of image storage or suitability of gphoto for this application.

The team recently elected to adopt the Prosilica camera as the project proceeds. The Prosilica camera has a Gigabit Ethernet (GigE) interface for camera control and image transport. Prosilica provides a straightforward and well documented application programming interface (API) and software developers kit (SDK). The Prosilica camera has been successfully used at MBARI with Ken Smith’s camera tripod, so there is in-house experience in writing drivers similar to those required for BIAUV. It was felt that the Prosilica camera offers adequate optics/resolution while the Ethernet interface will help to address the image storage limitations and configuration interface issues.

The table below shows software tasks for 2009, including some development work for the Prosilica camera interface that could potentially be done in 2008 if additional SE time is made available to the project.

Data Management (320 hours)

Data for the Benthic Imaging AUV will for the most part be managed just as the data for the other AUVs. Existing scripts for offloading AUV data to the Shore Side Data System can be modified to accommodate most BI AUV data. This is expected to require 5 days or less.

Post-processing to incorporate refined navigation data into the final "best AUV position" stream will be take from the existing navigation post-processing software, adapted to take into account the additional Vehicle Navigation and Control data. The extent of this work will be highly dependent on the navigation solutions and software, but is very roughly estimated as 35 days (280 hours).

Image Data Management (160 hours not including Prosilica image format conversion)

In addition to the other data types, the Benthic Imager AUV will produce a significant number of images. These images will likely be produced by Prosilica cameras of the same type as the Benthic Rover, and the post-processing is likewise expected to be similar. (Depending on camera selection, post-processing may be identical.) The raw Prosilica images will be stored as original files from the AUV, and shareable images will be created during data post-processing. The resulting images will include a full sized image (probably in JPEG format) and a reduced-size JPEG image with overwritten metadata (a la ROV frame grabs), both of which will be cataloged by SSDS as part of the mission.

John Graybeal can do most of the above, assisted by 32 hours of Kevin Gomes' time.
Image Metadata Management (64 hours)

Although the Prosilica will attach some metadata to its images, they are not in a format that support image or metadata interoperability. Thus, the post-processing must integrate the (shareable post-processed) image with appropriate metadata, in an interoperable format. The CenSeam image metadata format created by Lonny Lundsten et al will be the image metadata format used; it can be embedded in the image and read by most photo library tools. A small investment of resources (< 40 hours) will be required to align the CenSeam format with the needs and capabilities of the BI AUV project.  (If other projects with similar needs are approved, that reduces the needed resources by half.)

This task assumes that time-referenced data from the mission (AUV orientation and location, CTD readings, and so on) is available from SSDS via a simple web service interface that can access AUV data. Such an interface is expected for SSDS in time for this project to use it.

John Graybeal or Mike McCann can perform this task (but I have not spoken to Mike to confirm that).
Personnel Classifications
	Mechanical Engineers 
	Electrical Engineers 
	Software Engineers 
	Support Engineers 
	Mech Technician 
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� Development and infrastructure projects must complete the risk matrix (see item #5 at the end of the proposal form).


� Not all projects will require all four titles to be filled in. Please indicate individuals only for those titles that are appropriate for your project. 


� This number should be the same number you entered on the resource requests for this particular resource.
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