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Submission Deadlines: Phase I – July 19th at 8:00 a.m., Phase II – September 7th

	Project Number:
	901107
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	Project Duration (in years):
	Year 1 of 2 1


Please indicate if proposal includes requests for any of the following (mark all that apply).

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ship Time
	ROV
	AUV
	Wave Glider
	Mini ROV


Please indicate what type of project is being proposed (mark only one).
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	Feasibility/Scoping

[Less than 100 days effort]
	Development

	Research
	Infrastructure2
	Education
	Time Series
	Institute Initiative


Project Manager
:

Chad Kecy


Principal Investigator:
Steve Haddock
Lead Scientist:


Steve Haddock
Lead Engineer:

Franҫois Cazenave

Project Title:

SeeStar Imaging System
Please indicate percentage of effort on this project anticipated for 2018 toward these three highest institutional goals (percentage total should equal 100%). 

	Goal
	Developing/adapting innovative technologies
	Utilizing developments to explore and understand ocean systems
	Technology/knowledge transfer


	Percentage
	10
	30
	60


1) ABSTRACT (new projects only)
The SeeStar modular camera system has been developed as a way to gather underwater images and video over long periods of time. It is unique among camera systems by having control over both image-taking and lights (which is not possible with standard intervalometers), by being low-cost and using readily available parts (assuring the widest user base), and by allowing for long duration deployments (by being able to “hibernate” when pictures are not actively being acquired). As camera and microcontroller capabilities have evolved, so has the design of SeeStar, so in the third iteration it has more on-board processing capability, and is currently being outfitted with the ability to log data from environmental sensors. This last round of the proposal aims to bring the project to completion with a mature and easy-to-build device that can be deployed in both autonomous and tethered modes.

In 2018, the team has plans to work with new researchers, both external and internal at MBARI. In the Spring of 2018, Ken Smith wants to deploy a SeeStar III attached above his sediment trap. The images provided by SeeStar will indicate whether large clumps of sediment are being left on top of the baffles, and not collected. The operating depth (4000 meters) and mounting restrictions will require new housings to be designed and built around the existing electronics and camera.

Robert Miller, a professor of marine biology at the University of California, Santa Barbara has expressed interest in building a SeeStar system for various applications in his lab. These include the study of long term barnacle growth (bio-fouling) and various fish density population measurements near the Channel Islands. His lab has chosen the new Sony camera, UMC-S3C to base their system around. This camera will use the same control protocol that we are employing in SeeStar III, and it is the preferred imager for some of the higher-end use cases for SeeStar. So while our team had deemed the S3C to be too expensive to be the primary imager for SeeStar III, our decision to concentrate on the Sony hardware protocol will allow for an easy integration.

The SeeStar team will also work with the proposed WetWiFi team (Mathieu Kemp and Brent Roman). In this application, a tethered version of SeeStar III would be used to provide high resolution video to test the bandwidth-distance limitations of their acoustic modems.

We intend for the project cycle of 2018-19 to be the final two years of development for the SeeStar project. We feel that with the completion of this Sony compatible system comprised solely of purchasable parts we will have met the ultimate goal of the SeeStar initiative. In addition to the three primary efforts listed above, the team also has some infrastructure related   milestones. Once SeeStar III has been deployed numerous times and more thoroughly tested, the team will once again type up formal open source build documentation and post them online on our repository. The team will also work with GroupB Inc, or another manufacturer, to produce and sell the actual housings for SeeStar III. GroupB currently sells SeeStar II housings and that has greatly aided many other external users.

This project fits with several areas of the Strategic Plan and Technical Roadmap:

• Research Themes: Ocean Visualization

SeeStar allows for realizing long term visualizations of diverse marine environments over time. 
• Institutional Objectives: (2) Increase Institutional Flexibility

Rapid design and fabrication of a prototype means system can be adjusted to a variety of needs.

• Institutional Objectives: (3) Enhance Collaborations

Low cost of SeeStar eases ability of outside organizations to build their own, thus increasing the spatial network.
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://mww.mbari.org/oed/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 team is on track to deliver a prototype version of SeeStar III by the end of 2017. However, the selection process for both the camera and the controller boards took longer than expected due to the availability of certain items and the stringent design constraints. 
Two primary factors dominated the selection of the control board: low power operation and programming language/environment. Because SeeStar III has a separate sensor module (used to collect contextual data) with its own internal control board, we sought to find a common programming language and environment in order to simplify the system.
We initially evaluated four potential cameras from various manufacturers; none of these met all of the criteria to become the sole replacement imager. The Sony UMC-S3C, a camera designed for use in remote vehicles, had a year-long production release delay and then a higher than expected price tag. During our camera testing, we designed a hardware interface which allowed control of a range of the Sony cameras that share a standard protocl. This same interface was used on other projects (Benthic Observation System and DeepPIV) and found to be reliable. We then decided to make SeeStar III a Sony compatible system. This will give the end user the ability to choose from a wide range of Sony cameras, based on their individual needs, with the hardware compatible with all of them. Compatible Sony cameras include (but not limited to): A7 series, A9 series, A99 Series, UMC-S3C, RX10, and QX series.
The Sensor Module is based on a readily available open source Arduino board from AdaFruit called the Feather M0 logger.   It has an Atmel ATSAMD21 arm processor that is reasonably low power (3 orders of magnitude lower board level sleep current than the first prototype!).  We anticipate finishing the functional prototype in 2017.  The approach taken has had an educational outreach component by mentoring two student projects, one a Cal Poly senior project and the other and MBARI summer intern.   The student efforts will require some follow on software effort to finalize the Sensor Module for export.   A preliminary electronics design has been completed however the full prototype is not yet constructed.   We are on track to demonstrating basic Sensor Module functionality in 2017.  We do anticipate some follow on work to fully test and wring out issues in order to prepare the Sensor Module hardware and software for open source publication.

Final integration of the camera housing is underway; the software is being tested on our benchtop system. The sensor module is likewise being tested and the communication protocol between the two housings is being developed.
We also continue to support SeeStar II. We regularly receive emails and phone calls from external users for technical support. We recently assisted Jeffery Dorman from The Farallon Institute with their SeeStar II system. 
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”, Franҫois Cazenave, Chad Kecy, Michael Risi, Steven H.D. Haddock, IEEE MTS Oceans 2014 Newfoundfand

http://bitbucket.org/mbari/seestar

c) New and Continuing Projects: Plans for 2018
Research Activities
We have a number of new collaborative efforts to pursue in 2018. We plan to work with Robert Miller, a marine biology professor from UCSB, in building a SeeStar III system based around the Sony UMC-S3C. As stated in the abstract, he will use a SeeStar for bio-fouling experiments and fish density studies.  Our goal is to utilize Bob and lab as beta testers for this latest version of SeeStar as well as our build documentation. UCSB will be purchasing all parts needed for this system; we will be providing technical assistance as needed.
We plan to support the WetWifi team as part of a proof of concept demonstration. The SeeStar system will be integrated with their subsea modem to provide high resolution data to verify the theoretical bandwidth of their system.
The SeeStar team is also discussing a collaborative project with Cal Poly utilizing their pier in Avila Beach. A tethered version of SeeStar would be mounted on an elevator at the end of the pier, providing real-time high-resolution video as part of a joint image processing effort.

As resources become available, we will assist Ken Smith in building a deep rated SeeStar III for deployment with his sediment traps. 
Engineering/technology development

At the end of 2017 we will have completed one prototype version of SeeStar III.  PVC tubing will be used to build 300m-rated housings for the camera and the sensor modules. This prototype system will be based around the cylindrically shaped Sony QX-1 camera. 
In 2018, we are proposing to build two additional in-house SeeStar III systems using the more capable, and expensive, Sony UMC-S3C camera. One of these two systems will also be used to test out a live streaming (HD) tethered version. These two in-house systems will be used in conjunction with the WetWifi project as well as use by other internal users.

Field programs (detail ship requirements/deployments/diver requirements)
Our only ship use will be 2 days on the Paragon (see below).
Isotope Usage

Project teams must provide details regarding any planned isotope use on shore, on ships, in the Sanctuary, etc. Please review the guidance on isotope usage at http://www.mbari.org/at-sea/cruise-planning/hazardous-materials/ and policy at  http://mww.mbari.org/safety/SafetyManual/Isotope_Use_Policy.pdf, and then provide details on plans below.

N/A
Specific deliverables
We plan to build two deployable SeeStar III systems (UMC-S3C based) in 2018. These will be used to support in-house projects. 
Milestones (see personnel classification list for staff classifications)
Milestone 1 (Design Housings)
Francois will design and build 1500 meter rated housings for the camera and sensor modules.

Milestone 2 (Support UCSB)
The team will assist Prof. Miller’s lab with building their own SeeStar III. Their feedback will be used to improve our final documentation.

Milestone 3 (Build/Test In-House SeeStar IIIs)
The team will put together two systems for in-house use.

Milestone 4 (WetWifi)

The team will support the WetWifi project (using an in-house SeeStar III)

Milestone 5 (Support SeeStar II)

The team will continue to support external users of SeeStar II. The bulk of help given so far to external users has been with simple electrical and software questions.
	2018 Project Start Date: 
01/01/2018
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	3/2018
	Spring-Fall 2018
	7/2018
	Fall 2018
	All Year
	

	Milestone Description
	New Housings
	Support UCSB
	Build inhouse SeeStar IIIs
	Support WetWifi
	Support External SeeStar II
	

	Electrical Engineer
	
	CK: 80
	CK: 160
	CK: 80
	CK: 40
	CK: 360

	Software Eng-Embedded
	
	DC: 40
TM: 40
	DC: 120
TM: 80
	DC: 40
TM: 40
	TM: 40
	DC: 200
TM: 200

	Software Eng-Info Eng
	
	
	
	
	
	

	Mechanical Engineer
	FC: 120
	FC: 40
	FC: 80
	FC: 40
	
	FC: 280

	Mechanical Eng-Division
	
	
	
	
	
	

	Mechanical Eng-Mfg
	
	
	
	
	
	

	Associate Engineer
	
	
	
	
	
	

	Electrical Tech
	
	
	40
	40
	
	80

	Software Tech
	
	
	
	
	
	

	Mechanical Tech
	
	
	
	
	
	

	Machinist 
	120
	
	
	
	
	40

	Divers
	
	
	
	
	
	


CK: Chad Kecy

FC: Franҫois Cazenave

DC: Danelle Cline

TM: Thom Maughan

Budget justification
	Item
	Quan
	Unit Price
	Price

	Camera Housing
	 
	 
	 

	UMC-S3C Camera
	2
	$6,000
	$12,000

	Pi Zero
	4
	$40
	$160

	Sleepy Pi
	4
	$60
	$240

	Relay Board
	4
	$20
	$80

	Transceiver Board
	4
	$10
	$40

	DC-DC Converter
	4
	$50
	$200

	Terminal Boards
	4
	$25
	$100

	VP-RM1 Remote
	4
	$80
	$320

	Multi-Terminal Connector
	4
	$30
	$120

	USB Connector
	4
	$10
	$40

	Dummy Battery
	4
	$16
	$64

	External Connectors
	8
	$90
	$720

	Housing Material
	2
	$100
	$200

	Glass port
	2
	$200
	$400

	Endcap
	2
	$50
	$100

	Assorted Mechanical Hardware
	1
	$50
	$50

	Assorted Electrical Hardware
	1
	$100
	$100

	
	
	
	

	Item
	Quan
	Unit Price
	Price

	Sensor Housing
	 
	 
	 

	Feather PCB
	4
	$25
	$100

	DC-DC Converter
	8
	$50
	$400

	Thermocouple Board
	4
	$20
	$80

	ADC Board
	4
	$20
	$80

	Transceiver Board
	4
	$10
	$40

	External Connectors
	12
	$90
	$1,080

	Housing Material
	2
	$100
	$200

	Endcap
	4
	$40
	$160

	Assorted Mechanical Hardware
	1
	$50
	$50

	Assorted Electrical Hardware
	1
	 
	$0

	
	
	
	

	Item
	Quan
	Unit Price
	Price

	Battery Housing
	 
	 
	 

	NiMH Battery
	4
	$200
	$800

	GroupBInc Housing
	2
	$450
	$900

	
	
	
	

	
	
	
	

	Item
	Quan
	Unit Price
	Price

	LED Housing
	 
	 
	 

	Flashlight
	2
	$50
	$100

	DC-DC Converter
	2
	$25
	$50

	Assorted Electrical Hardware
	1
	$50
	$50

	GroupBIc Housing
	2
	$429
	$858

	
	
	
	

	Item
	Quan
	Unit Price
	Price

	System Level
	 
	 
	 

	Interconnection Cables
	8
	$100
	$800


Total: $20, 682

Project team
Chad Kecy, Franҫois Cazenave, Thom Maughan, Danelle Cline, and Steve Haddock
Project lab and office space requirements 
In addition to any changes to current space usage, please also include anticipated office and lab needs for students, postdocs, collaborators, etc.
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.
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 2018 due to the development nature of the work. 

R/V Paragon Requests

If the project team will be requesting time for the R/V Paragon, please specify the operators in the group and provide estimates of their availability to operate the vessel.

We plan to test the completed SeeStar III on the R/V Paragon in mid 2018. We are reserving two days for testing. Jared Figurski will be the pilot.
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 (MBNMS)
General Permit

Projects teams need to indicate if any work will be performed that is either: (1) currently authorized under our general permit; or (2) will require that we obtain authorization. The current permit can be viewed at http://mww.mbari.org/pco/permits/mbnms-2015-002_feb2015.pdf. Please see Mandy Allen for questions.
Is a permit with MBNMS required for your work? 

 No
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
California Department of Fish & Wildlife

A Scientific Collecting Permit will be required for biological and geological sample collections offshore California (even in Federal waters and beyond), and for many activities in State Marine Protected Areas. Please see Mandy Allen for questions.
Will you be collecting samples that require a permit?

No
Will you be working in a State Marine Protected Area?
No
Authorizations/Permits from other Agencies or Organizations

Is the project team aware of any other permits or authorizations that will be necessary to perform the proposed work? If so, please list below along with status of authorizations (obtained, pending, need to apply, etc.). Please see Mandy Allen if you have questions.

None
Active Acoustics

We are keeping an inventory of acoustic instrumentation. The current list is posted here: https://mww.mbari.org/resources/2018_Proposal_Process/documents/mbari_acoustic_instruments_2016-08-08_ver_10.pdf. If you have or plan to use equipment that is not already on this list, please be sure to include that information here.

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

	High
	
	
	
	

	Medium
	X
	
	X
	

	Low
	
	X
	
	X


� This date and number should remain the same for the duration of the project. If your project start date for 2018 is not January 1, please indicate the start date in the first cell of the milestone chart. Format for duration example: “Year 2 of 5”.


� Development and infrastructure projects must complete the risk matrix (see 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 category includes transfer of hardware, know-how, publications, presentations, etc. 


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