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1) ABSTRACT (new projects only)
Project Description: This project was planned as a feasibility study for 2013. Due to conflicts with other high priority projects no work has been completed on the study in the first half of 2013. This proposal is being re-submitted as originally written with the exception that a modest budget is included to cover equipment expenses to allow us to purchase a camera module in 2014 and the timeline has been moved back for seven months.
This project is to investigate the feasibility of adding visual imaging capability as a core instrument to the LRAUV family of autonomous vehicles. The purpose of the imager is to provide a verifying visual image of phenomenon observed by the other sensors on the vehicle such as the acoustic backscatter sensor. The design of the imager is heavily constrained by the requirements of the LRAUV system and must not significantly affect the hydrodynamic, energy budget or payload capacities of the vehicle to be included as a core sensor.

Strategic Plan Alignment: This project directly supports the current CANON initiative and also meshes with several technical roadmap thematic areas and makes progress toward the “Robo Whale” concept. 
Current State of the Art: Numerous field imaging systems for plankton and macro plankton have been constructed over the last several decades, either as vertical profilers or towed sleds. The optical sophistication of these systems has steadily improved, including using laser generated holograms for high resolution 3 dimensional imaging of target water volumes. These systems are designed to quantify plankton volumes and therefore record non-overlapping continuous records. Most are directed at the smaller sizes of planktors, i.e. less than 2mm and all instruments are too large for the LRAUV. Several good references exist for the state-of-the-art and the issues important to instrument design such as Jules Jaffes’ survey paper “Sensing Plankton: Acoustics and Optical Imaging”, and Malinda Sutors presentation “Application of Imaging Instruments and Semi-automated Classification Techniques for Plankton Analysis”.

At MBARI there are three efforts underway related to plankton imaging. On the Dorado class of vehicles there is an effort to incorporate the commercial LISST-HOLO plankton imaging survey system and an investigation into an imaging system to enable AUV midwater macroplankton survey transects similar to the current ROV based surveys. Separately there is also the self contained plankton imager (SCPI) project to produce a low cost time lapse macro plankton imaging system for use on buoys, wharf pilings, etc. This LRAUV proposed project is differentiated from the quantitative survey projects in that it only records images when commanded by the AUV sampling algorithm. No attempt is made to provide the image capacity or repetition rate for continuous survey. It is designed to provide an answer of “what is out there” rather than a quantitative sample. The use of the LRAUV as a platform creates a very specialized design requirement that requires customization and camera unit costs that differentiate this effort from the SCPI goal of producing a broadly applicable low cost instrument. In spite of the different requirements there is overlap with SCPI in the areas of camera testing, lighting design and possibly the camera interface.

Scope of the Project:. The feasibility/scoping effort will determine the scientific requirements and investigate products in the camera and lighting arenas to determine their suitability for modification to meet the LRAUV installation requirements. A preliminary design review of the results will be completed in early 2014.
2) PROPOSAL
a) New Projects
Statement of the problem, why it is important
The project has the potential to significantly expand on the utility of one of MBARI’s most unique assets, the LRAUV. The overall goal of the feasibility study is to work toward collecting a visual image data set with the LRAUV, a data set that often contains information that is completely missed by the other vehicle sensors. An example of this type of data is shown in figure 1. The ability to image and therefore identify larger zooplanktors and other macro plankton such as jellies with the AUV would contribute to current AUV missions such as identifying and sampling “thin layer” aggregations of plankton, and allow new studies such as the distribution and abundance of macro plankton such as jellies.
LRAUV is also increasingly used for ‘mini time-series’ field programs, in which an ocean feature or organism aggregation (e.g. a phytoplankton patch) is repeatedly characterized over a period of many days.  The core instrument suite of CTD, optical backscatter, fluorescence, nitrate, and dissolved oxygen is intended to provide the minimum suite of sensors to understand the distribution and environmental drivers of phytoplankton.  To complete that suite we need to instrument the vehicle to characterize zooplankton.  Our strategy is to use two sensors:  backscatter from the LRAUV ADCP to understand general vertical distribution of zooplankton populations, and a camera system to determine the nature of the detected acoustic scatterers.  Work on the ADCP is being carried out in the AOSN 901001 proposal, and of course this proposal will investigate the feasibility of the camera system.
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Figure 1. This image of large jellies taken with an inexpensive GoPro camera temporarily installed during a docking test illustrates that important elements of the ocean ecosystem may not be detected with the standard LRAUV sensor suite.

How does it relate/contribute to MBARI’s mission and strategic plan?
All of this work contributes to the Strategic Plan research theme of understanding ecosystem dynamics.
How does it relate/contribute to the Packard Foundation’s Ocean Visions Grantmaking policies? (See http://mww.mbari.org/oed/OED_Documents3.htm#Packard for documents.)
The project contributes directly to the Packard Foundation Grantmaking objective of “enhancing the scientific understanding of the functioning of marine ecosystems”.
Approach to the problem
The approach will continue as originally proposed in the 2013 feasibility study, however the timeline has been shifted back seven months due to the unavailability of resources in the first half of 2013. In the balance of 2013 and early 2014 we will continue the feasibility study to investigate if MBARI can leverage from the great advances in imaging that have been occurring in the industry. Assuming that a candidate camera is selected as a result of this work, we propose to purchase a camera and begin working on interface and packaging design under this proposal in 2014.

We hope to take advantage of recent advances such as the availability of very large area low noise CMOS sensors in compact low power cameras. These cameras have image qualities that match those of low end single lens reflex (SLR) designs, however they do not have the mirror boxes and relay prisms of conventional SLR’s. As a result the camera body and lens systems are greatly reduced in size. In addition there are compatible high quality compact lenses available in numerous focal lengths. A second example is that all cameras now have an industry standard picture transfer protocol (PTP) which can allow extensive remote control of the camera’s functions in selected models. This allows the LRAUV control system combined with the embedded camera computer to execute camera functions and download images, eliminating the need for a separate embedded processor.
Another area of rapid advance that has the potential to contribute to the success of the imaging system is in the arena of LED lighting. High intensity well directed lighting is required for the imaging system. Investigations of current LED and reflector efficiencies show that sufficient light can be generated for quality images with much greater efficiencies than conventional strobe systems.

The first step in the feasibility study is to identify the interested investigators and the scientific requirements for AUV imaging. This sets the requirements for the camera imaging system and lighting. By selecting the appropriate lens and structured lighting system, the imaging area can be very small for imaging zoo plankton in the 1-10mm range, or very large for macro plankton including jellies or any specific range in between. The challenge will be to narrow the requirements to the most appropriate targets. The requirements also include the preferred methods of storing, retrieving and analyzing the images.
The second step of the study will be to investigate the trade-offs between the range of science imaging requirements and the constraints of the physical space, hydrodynamics and energy budget of the LRAUV. The goal is to settle on a set of requirements such that the imaging system satisfies the science goals while also operating efficiently on the LRAUV.
The third step in the study will be to complete a preliminary design that includes the calculations for lens selection and housing design, energy budget and a concept mechanical design.

Finally, the project will conduct a preliminary design review. The purpose of the review is to finalize the scientific requirements, critically review the concept design to ensure it meets both the scientific and engineering requirements, and to review the trade-off decisions that were made during the design process. This review will be conducted before the proposal cycle begins for 2015.
This project will be tightly coupled to CANON observational needs, and Bellingham will be responsible for engaging other CANON PIs with this project both informally and formally (e.g. for reviews).  The team will also reach out to investigators beyond MBARI who have similar observational interests, such as Jules Jaffe at Scripps.  

Publications (from other projects over the last 5 years)

R. Henthorn, D.W. Caress, M.R. Chaffey, P.R. McGill, W.J. Kirkwood, , MBARI, Moss Landing, CA; W.C. Burgess, , Greeneridge Sciences, Santa Barbara, CA; “Development of a High-Resolution Shallow Seismic Refraction Tomography System at the Monterey Bay Aquarium Research Institute”.  (2009) Eos Trans. AGU, Ocean Sci. Meet. Suppl., Abstract OS21A-1148

a) New and Continuing Projects: Plans for 2013
Research Activities
None
Engineering/technology development

We propose to integrate a modern low powered compact camera into the LRAUV.
Field programs (detail ship requirements/deployments/diver requirements)
No field programs are planned specifically as part of this project.
Specific deliverables
This project will produce a design study that contains the following information:
1. A review of current imaging systems similar to the subject system.

2. The scientific functional requirements for imaging from the LRAUV.

3. The engineering design requirements for the imaging system.

4. A trade study that delineates the cost and performance trade-offs that are recommended to achieve a successful instrument.

Prior to August 1, 2014 we will conduct a preliminary design review to discuss the science and engineering requirements, the instrument concept design and the design trade-offs.

We also plan on completing the initial interface design and complete a camera housing in 2014. 
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	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	May 2014
	July 2014
	September 2014
	
	
	

	Milestone Description
	Requirements (concept) review
	Preliminary design review
	Housing design complete
	LRAUV SW Interface 
	
	

	EE (Mark Chaffey)
	100
	200
	40
	20
	
	360

	SE
	10
	10
	
	100
	
	120

	ME (Brett Hobson)
	10
	10
	10
	
	
	30

	EE Tech
	
	
	
	
	
	

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	
	
	
	
	

	Machine Shop
	
	
	
	
	
	

	Divers
	
	
	
	
	
	


Budget justification
$2500 is requested to pay for a camera module and lens. $2000 is requested to purchase materials for an underwater housing.
Project team
Mark Chaffey, Brett Hobson
Project lab space
No lab space needed.
Data availability outside project team, uniqueness

Design data produced as part of this study will be shared internally. 
Export Regulation
Does the project team anticipate any foreign collaborations or international travel? If so, please identify collaborators by name, institution, and country.

No foreign collaboration anticipated at this time.
Does the project team plan or anticipate export controlled purchases, shipments, or transfers of items (e.g., research instruments, proprietary data, hand-carried tools or samples) outside the U.S. temporarily or permanently? If yes, please identify country or countries and indicate whether these items will remain under MBARI control while abroad or controlled by others. Will the items be exported to more than one country? Please include foreign collaborator information as described above.

No plans to export.
Risk matrix (development and infrastructure projects only)
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	X
	X
	X
	X

	Low
	
	
	
	


� 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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