2016 Proposal Process – Internal-Only Projects

Submission Deadlines: Phase I – July 30th at 8:00 a.m., Phase II – September 15th

	Project Number:
	901107


	Project Start: Jan. 1,
	2016

	Project Duration (in years):
	2 1
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Project Manager
:

Chad Kecy

Principal Investigator:
Steve Haddock
Lead Scientist:


Steve Haddock
Lead Engineer:

Chad Kecy, Franҫois Cazenave

Project Title:

SeeStar Imaging System
1) ABSTRACT (new projects only)
   [Paste abstract here]   
2) PROPOSAL
a) New Projects
Statement of the problem, why it is important
   [Click here to enter text]   
How does it relate/contribute to MBARI’s mission and strategic plan?
   [Click here to enter text]   
How does it relate/contribute to the Packard Foundation’s Ocean Visions Grantmaking policies? (See http://mww.mbari.org/oed/OED_Documents.htm#Packard for documents.)
   [Click here to enter text]   
Does it relate to the Technology Roadmap? If so, please describe how. 

(See http://www.mbari.org/about/TechnologyRoadmap.pdf.)
   [Click here to enter text]   
Approach to the problem
   [Click here to enter text]   
Publications (from other projects over the last 5 years)

   [Click here to enter text]   
b) Continuing Projects

If the proposed project includes multiple individual projects, please list each of these projects as a subheading in the proposal. For each subheading, please address the following:

Current status of project and results to date
The first iteration of SeeStar is complete and the build documentation has been posted online on our project repository. Based on feedback from interested users, we decided to make a second generation SeeStar that was more user-friendly and easier to assemble. SeeStar II has the same functionality as SeeStar I but now relies on the Arduino Pro-Mini as its CPU and we are now using off-the-shelf components such as housings and LED lights. The team is making final modifications to the second generation and plan to post the open source documentation by the end of the year (if not sooner). The final cost of SeeStar II comes in at $2500, $500 less than SeeStar I.
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Figure 1: SeeStar II with deep rated commercial housings.
Significant changes from previous project proposal 

No significant changes were made from the previous proposal.
Publications based on the results of this project only
“SeeStar: A Low-Cost, Modular, and Open-Source Camera System for Subsea Observations”, Francois Cazenave, Chad Kecy, Michael Risi, Steven H.D. Haddock, IEEE MTS Oceans 2014 NewFoundLand
c) New and Continuing Projects: Plans for 2016
Research Activities
The original motivation for developing SeeStar was to have a camera that could monitor marine populations of animals which are not sampled by other forms of instrumentation. In particular Haddock’s lab is interesting in establishing baselines for large scyphomedusae (sea nettles) in Monterey Bay. This would involve placement of SeeStars on the Santa Cruz and Monterey wharfs, with photos taken 6-12 times per day. Such a deployment scenario is likely to be common to many other groups, including the Packard Foundations efforts toward monitoring coral reefs, and the Sanctuary’s monitoring of coastal fish and invertebrate species. In these cases, the SeeStar would be placed in at a fixed depth and location, and acquire images several times during the day. The data load is modest — roughly 4000 still photos in a year. 

In 2016, we plan to deploy two SeeStars in locations that will provide easy maintenance and servicing. In addition to the developmental proofs of concept described below, these field studies will help demonstrate the utility and reliability of the camera, power, and lighting systems.

Engineering/technology development

Our technology goals for 2016 are twofold: continue to support SeeStar II and develop a more capable and versatile SeeStar III. The support for SeeStar II will mostly consist of handling questions from external users via email and phone, while improving and updating the materials on the SeeStar web site. The hardware and software designs will be complete by the end of 2015 and we have our own systems to experiment with.

While SeeStar II was a modified and improved version of the the original system, SeeStar III will be a far more capable imaging system. In addition to a higher quality imager, support for external sensors, which can log environmental data such as pH, oxygen, temperature, and depth will be time synchronized and recorded alongside the images or video. Other optional features include using a second camera module for stereo imaging and the use of a tether for real-time video. We envision SeeStar III as a modular system where the user can add or remove subsections as needed by their particular science requirements. For example, by adding a tether with live view, SeeStar III can be deployed in near shore environments with video being streamed and recorded manually. Or, particular sensors can be added to give the science user contextual data to give a more complete picture of the conditions being recorded.
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Figure 2: SeeStar III Conceptual drawing
The selection of a replacement imager for the GoPro requires evaluating many criteria. First is the image quality. Our targets of interest range from 1cm to 1m. Other important criteria include cost, size, the ability to remotely control camera functions, and availability of control software (APIs). There is a growing class of cameras referred to as action cameras that tend to be small and relatively inexpensive. They are geared towards hobbyists knowing they will be placed in extreme environments and easily lend themselves to a project such as this. While we have identified a few companies on the market that produce such cameras, we are also seeking an imager that will be supported for multiple years. The life cycle of the GoPro was only on the order of 12 months or so.  

In order to maintain an open source friendly system, we are considering CPU boards such as the Raspberry Pi and/or Arduinos. We will need a board capable enough to perform the proper timing for imaging, saving images and videos to an SD card, interface up to four external scientific instruments (and save instrument data), and perform various housekeeping functions.  Other criteria include low cost, ease of implementation, and simple programming.
Field programs (detail ship requirements/deployments/diver requirements)
We plan to integrate SeeStar II onto the Wave Glider to monitor Glider behavior and to provide ancillary biological information during deployments. As described in Research Activities, we will also deploy SeeStar cameras on Monterey area piers. While most of the data processing requirements are to be addressed by external users depending on their research goals, our data will be processed using the existing hooks into the VARS database, with pre-selection of images using a difference-from-background approach that Danelle Cline and Brian Schlining have been developing.

Specific deliverables
2016 will be primarily a development year. We seek to have an imager and control board identified by the end of the year. A working prototype will follow in 2017.
Milestones (see personnel classification list)
Milestone 1 (Evaluate Imagers)
Danelle will be performing the primary camera testing with Franҫois focusing on the optical imaging due to his experience with photography.
Milestone 2 (Evaluate CPUs)

Thom Maughan will assist with testing/evaluation of the potential CPU boards. There will be heavy software requirements due to interfacing multiple external instruments.
Milestone 3 (Select Imager/CPU)

We will have an imager/CPU combination chosen by Sept next year.
Milestone 4 (Concept Review)

We will hold a review once we have selected an imager & CPU.
Milestone 5 (Support SeeStar II)

We are requesting modest engineering time from each discipline due to the unknown nature of questions we may receive. 

	2016 Project Start Date: 
01/01/2016
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	01-09/2016
	01-09/2016
	9/2016
	9/2016
	12/2016
	

	Milestone Description
	Evaluate

Imagers
	Evaluate
CPU bds
	Select imager/CPU
	Concept  Review for

SeeStar III
	Support
SeeStar II
	

	EE
	125
	125
	
	25
	75
	CK: 350

	SE
	DC: 125
	TM: 125
	
	TM:25
DC:25
	TM: 50
	TM: 200
DC:  150

	ME
	100
	
	
	25
	50
	FC: 175

	EE Tech
	
	25
	
	
	
	25

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	
	
	
	
	

	Machine Shop
	
	
	
	
	
	

	Divers
	
	
	
	
	
	


Budget justification
	Camera Evaluation
	 

	Cameras
	$6,000

	Lenses
	$2,000

	 
	 

	CPU Evaluation
	 

	CPU Boards
	$2,000

	Daughter Boards
	$1,000

	PCB Fabrication
	$1,000

	Assorted Hardware
	$500

	 
	 

	Pier Deployment
	 

	Mounting Hardware
	$500

	Laptop
	$2,500

	 
	 

	 
	 

	Total
	$15,500


We will be evaluating multiple cameras in 2016, some with swappable lenses. Some of the newer action cameras can cost on the order of $1,200 apiece. Lenses range in cost from $300 to >$1,200 each. However, some of the lenses should work across camera manufacturers.

We will also be evaluating a number of control board (CPU) options along with assorted accessories such as function specific daughter boards or shields. We are hoping for an all commercial-off-the-shelf (COTS) solution but there still may be some custom board design necessary.
For the pier deployment, we will use the SeeStar II systems which were developed during 2015. We will need funds for custom mounting hardware (details TBD) and a rugged laptop which can be used in the field.

Project team
Chad Kecy, Franҫois Cazenave, Thom Maughan, Danelle Cline, and Steve Haddock
Project lab and office space requirements 
We will continue to utilize the bench space in Bldg B – room 222.
Data storage requirements (see Todd Ruston for assistance)
Project-specific storage will be modest and able to fit on a PC or SD card. We will make the data available as a test case for the Cloud-based processing project.
Data availability outside project team, uniqueness

Since the goal of this project is to get the camera systems into the hands of as many external users as possible, the open-source plans, designs, programs, schematics, and engineering blueprints will be made available through the software repository: http://bitbucket.org/mbari/seestar/ We do not expect significant amounts of data to be generated in 2016 due to the development nature of the work. However, we are consulting with the Video TAG team in order to consolidate video storage/annotation efforts with the I2MAP and MiniROV projects.

Export Regulation
Does the project team anticipate any foreign collaborations or international travel? If so, please identify collaborators by name, institution, and country.

N/A
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.

N/A
Monterey Bay National Marine Sanctuary SESAs (General map)
Projects will need to indicate whether or not work will be conducted within one of the Monterey Bay National Marine Sanctuary's Ecologically Significant Areas (SESAs). An interactive map can be found on the Sanctuary's SIMoN webpages at http://sanctuarysimon.org/maps/sesa/. (Note: It may take a moment for the page to load, so please be patient. Also, if prompted for a login, hit “Cancel” and then you will be able to access page.) To determine if your work will occur in a SESA, specific coordinates can be entered using the locator function (click on the red "target" button in the toolbar at the top of the map). If your work will be conducted in one of these areas, please indicate which area, by number. 

None
Risk matrix (development and infrastructure projects only)
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	X
	X
	X
	X

	Low
	
	
	
	


� This date and number should remain the same for the duration of the project. If your project start date for 2016 is not January 1, please indicate the start date in the first cell of the milestone chart.


� 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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