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UPDATED PHASE 2 SCHEDULE
Please indicate which category best describes the project theme (mark only one).

	
	
	
	
	
	
	
	X
	
	
	
	

	Ocean 

biogeochemistry
	Ecosystem dynamics
	Ocean visualization
	Exploration & discovery


Please indicate percentage of effort on this project anticipated for 2020 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
	90%
	   [Enter percentage here]   
	10%


1) ABSTRACT (new projects only)
This project is to provide high quality 4K imaging capability for MBARI’s ROV’s by developing a state-of-the-art camera system.

MBARI has consistently been at the forefront of underwater imaging, and the visual images from our ROV systems are indelibly associated with the culture of MBARI itself. Our images are extensively used by nearly all research groups at the institute and are also provided to high quality producers for public education including the Monterey Bay Aquarium and the BBC Nature unit. These images form a truly unique data record of the deep ocean environment and have been used for research applications as diverse as identifying new biological species to recording the behavior of liquid carbon dioxide at depth. Often the visual record is the ONLY returned data of the phenomenon of interest.

The last great advance in MBARI’s video imaging was 19 years ago when the transition was made to recording in the new high definition (1920x1080) format. This technological advance was an epochal improvement in MBARI’s use of video for research and education. For the first time images that MBARI captured on video were of high enough quality to be used directly for large print media illustrations.
Now video imaging worldwide is transitioning to the 4K format (4096 x 2160) for acquisition and dissemination. MBARI is in the position to once again be a leader in having the highest quality underwater imaging systems illuminating the deep sea.

The video and associated data records will be processed identically to MBARI’s current video processing pipeline using the MBARI Media Management (M3) system. Analysis of MBARI’s current and planned video streams has shown that while there is an increase in file sizes for 4K video, the large savings in tape cost with the transition to file based video in the M3 upgrade, offsets the cost of the additional storage volume required for 4K video files.

The results of this development project will place MBARI firmly back in the position of producing the highest quality images from the deep sea. Every program at MBARI that makes use of video imagery for research and outreach will benefit.
2) PROPOSAL
a) All Projects
Statement of the challenge, why it is important
Video images collected by MBARI’s ROV’s has always been a significant portion of the returned science data. For nearly two decades MBARI has captured deep ocean video imagery using the High Definition video standard of 1920 x 1080 picture elements (HDTV). The images captured at this resolution with our quality cameras have served us very well and the unparalleled library of images collected has been a resource for nearly every research effort at MBARI and also many external users.
In the long history of video use at MBARI it has been shown that with each increase in image quality, including resolution, new insights in the understanding the ocean ecosystem are gained.
The technology of video imaging has now advanced to where cameras and displays are routinely available in the 4K
 standard of 4096 x 2160 picture elements, and this is rapidly becoming the acquisition standard for video production. To benefit from this technological progress and maintain MBARI’s leadership position in high quality underwater imaging we must begin the transition of our ROV cameras to the 4K standard. This will provide better tools for serving our research interests, future-proof our video library and provide high quality material for the Monterey Bay Aquariums public education efforts.
MBARI invests a substantial amount of resources in the acquisition, annotation and archival of our ROV acquired video and we preserve a large portion of our imagery indefinitely. It makes sense that we should invest in our cameras to produce the highest standard of imagery in order to derive the greatest value from our subsequent efforts and expenses in expert annotation and subsequent library archival.

Investigations to date have failed to find a commercially available 4K camera system for 4000 meter ROV use that meets our standards and provides the full capability that the video standard offers. By conducting in-water testing of all known commercially available 4K ROV cameras we have found that the manufacturers chose to use camera modules that have the theoretical resolution of the 4K standard but failed to deliver a quality image or to provide the zoom and focus control precision that meets the professional standards that we require. The manufacturers have chosen to reach a larger market with a lower cost product that, while often well executed, does not provide the full quality of the image possible, and falls well short of what we should demand for our unique mission. While lamentable, this commercial decision is understandable considering how few institutions have the commitment and resources to support the highest level of underwater video imaging.
The challenge becomes how to provide the full capabilities of high quality 4K video for our ROV’s and be able routinely produce stunning video images in our operational setting. We propose to develop such a capability for our ROV’s either exclusively or in partnership with a commercial vendor.
Relevance


How does it relate/contribute to MBARI’s mission and strategic plan?
This project contributes to MBARI’s mission by advancing research and education through technical innovation and development. The specific goal is to increase our knowledge of the marine environment by improving MBARI’s on-ROV imaging quality, allowing more detailed observations and records to be obtained.
Visual images are also a powerful way to communicate MBARI’s knowledge and discoveries to the to the public. Our partner, the Monterey Bay Aquarium, makes extensive use of our visual products and is very interested in the highest resolution possible as they move to larger displays, such as video walls, to display information and images of species that are not feasible to display as live specimens. 

Does it relate to the Technology Roadmap? If so, please describe how. (See http://mww.mbari.org/oed/TechnologyRoadmap.pdf.)
The development of advanced imaging capabilities advances the MBARI Technology Roadmap goal of fostering technological innovation.
How does it relate/contribute to the Packard Foundation’s Ocean Grantmaking Program? (See https://www.packard.org/what-we-fund/ocean/ and documents therein.)

This project contributes to the general theme of the Packard Foundation’s Ocean Grantmaking Program by increasing our scientific understanding of the oceans. It also directly supports public educational efforts to increase awareness of the importance and vulnerability of the deep ocean environment and to develop support for ocean conservation.
Overall approach to the challenge: Over the complete term of the project, what is needed to address the challenge (e.g., sensors, platforms, marine operations, de novo R & D, etc.)

Research
There is no direct research effort associated with this proposal.
Engineering/Technology Development

The project proposes to begin the transition to 4K video acquisition on MBARI’s ROV’s by providing a single camera system that is compatible interchangeably with the current Doc Ricketts and Ventana systems.

Marine Operations/Field Programs
The field program requires dockside testing and one at-sea trial. A specific ROV day is not requested for the sea trial because we will plan on scheduling the trial to run concurrently with other missions either scientific or operational.
Data


What data products will be generated?

Streaming video from the ROV telemetry system is encapsulated into files in the ROV control room by the MBARI Media Management (M3) system. This is similar to the current system for ROV video, however transitioning to 4K video will increase the volume of data generated significantly.
How will the data products be managed?


The video files are managed identically to the current system, however it is planned that during the annotation process a selection will be made of 4K material to permanently archive.

Describe data availability outside of the project team.

The video data is available institute wide and to outside organizations and individuals consistent with MBARI’s currently in-force video policy.
Describe data storage requirements.

The data storage requirements of transitioning to 4K video are significant. For both ROV’s recording in 4K video the data volumes can exceed 400 Terabytes per year. To determine the impact of upgrading MBARI’s ROV’s to 4K video cameras, a study was performed that projected the resulting data storage requirements and associated costs out to 2030. If the recommendation is followed to keep 20% of all ROV video (assumes two vehicles) in “Master” level, or the highest quality 4K video files, and the remaining 80% in “Mezzanine” level, the projection for the storage volume of all data sources at MBARI in relation to the total storage volume available is illustrated in figure 1, below. Notice that while the storage volume of all video data reaches 8 Petabytes by 2030 and becomes the largest single data collection, it remains well within the total projected capability of MBARI’s new Titan data store.
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Figure 1. Projections of MBARI data store volumes including 20% selects of 4K video from two ROV’s.
Anticipated Impact
Who are the consumers of the instruments, methods, systems, and data that will be generated?

All present users of MBARI video and images selected from that video. This includes the Monterey Bay Aquarium as well as other institutions and individuals.
b) Continuing Projects – not applicable
c) All Projects: Specific Plans for 2020
Research Activities - NA
Engineering/technology development

The motivations for the engineering development effort are that research and testing to date has not identified a commercial off-the-shelf ROV camera product that meets our requirements. The core of the camera system is the commercially available camera module and we have identified a camera from Sony Electronics that is suitable for a state-of-the-art 4K ROV camera system. This module, the HDC-P50, is a “Point of View” (POV) style camera designed for remote installation at sports events, professional scale drones and helicopter mounts. The electronics and processing of the camera is a derivative of the HDC-3000 series of cameras designed for live coverage of sports and similar events and has many features that are highly desirable in an ROV camera. These include an optical prism based 3-chip design with 2/3” imagers that take a B4 lens mount (the same format as our current cameras). This imager size allows for a wide field of view, wide depth-of-field and 14 times zoom in a relatively compact lens package. In addition, the camera progressively scans at full 4K resolution at 60 frames per second. The high frame rate is required in our dynamic ROV application where the objects of interest and the ROV framing itself are often moving relatively quickly. The 4K/UHD formats are progressively scanned whereas the previous HD formats are usually 2:1 interlace scanned.

The Sony HDC-P50 camera module is the first choice due to the combination of exceptional performance in a compact package. In recent years there has been a proliferation of compact 4K single-chip large format Bayer array cameras, such as the Sony FCB-ER8300, the Z cam E2 and similar cameras. Many of these would fit nicely in a housing, but they just do not deliver a picture equivalent to a good "broadcast" camera in resolution, low noise and color saturation. This performance limitation is reflected in the production requirements from Netflix, BBC and others that do not approve these cameras for “Tier 1” productions. The competing offerings for broadcast quality POV or box cameras that are similar to the Sony HDC-P50 such as Hitachi, Ikegami and Panasonic all have much larger chassis sizes. One possible exception is the Grass Valley LDX C86n POV camera, which is the same outside dimensions as the Sony HDC-P50, however the cost is significantly more with no advantage. The Hitachi HD POV camera is used in our current ROV camera systems because it easily fits in an underwater housing. Unfortunately, the next generation Ikegami 4K version has a different form factor and is now much too large. The project will keep an open mind on cameras however and the final selection will not be made until the preliminary design review milestone.

The one disadvantage of the HDC-P50 camera module is that the optical center of the camera is not centered in the camera body geometric center, but offset by about 15.5mm. This results in a camera housing diameter about 30 mm larger than if the optical center was aligned. The housing for a stock off-the-shelf HDC-P50 would about the size of the original HDTV camera housing on Ventana and weigh about 110 lbs. in air. While this camera was successful and produced exceptional images, the large housing size always remained an inconvenience and this camera was ultimately replaced by the smaller Insite Pacific Inc. Zeus Plus.

If the HDC-P50 camera chassis is modified and the optical block moved closer to the geometric center then the housing diameter and weight would be similar to the current Zeus Plus ROV cameras, which operate successfully on both of our vehicles. The modification of the camera chassis has some disadvantages, however these must be balanced against the significant advantage of the resulting decreased housing size. For this reason, it is anticipated that the task of designing the internal chassis will include modifications to the Sony camera chassis.

In order to get the best possible image from the camera system it is vital to have high quality adapter and optical dome optics. As in previous designs, we will utilize an outside consultant who is a specialist in this field. We will design the optical dome support, lens mounts and housing which will be constructed of Titanium. The i2MAP project has provided great experience in the details of glass and metal design issues and the resulting methodologies for accurate FEA analysis of stress in brittle materials, glass proof testing protocols and material strengthening gives the design team great confidence that we can be successful in this critical part of the effort.

The development plan for camera control is to use the current topside control box design and to be fully compatible with the existing video plants on Ventana and the Doc Ricketts systems. Two relatively simple electrical circuits will be designed and implemented on printed circuits, a power supply and system card (lens control and environmental monitoring) for the camera housing and a similar card to replace the existing card in the control box.

The precision and “feel” of the lens controls of zoom and focus is a critical element of the design. MBARI has previous experience implementing these controls and has shown that we can achieve excellent results.

Two software tasks are required, one is to provide the application on the topside control box that reads the control inputs and transmits the information downlink to the camera lens control. This application also provides lens position and other data to the ROV system to be fully backward compatible with the existing system. The second application runs on the camera housing and receives and executes lens motor position commands. It also monitors the local environment for temperature, humidity and water alarms and reports this data to the topside.

The additional controls of camera iris and “Camera Remote Control” (RCP) functions and configuration settings such as black and white balance, etc. will be implemented using off-the-shelf hardware. The telemetry system will also be off-the-shelf and require no hardware or software development. This is similar to the system design of our current camera systems.

This proposal is written on the assumption that the entire development effort for the 4K ROV camera system will be done in-house using MBARI resources and the project budget and resource request reflects this by necessity. We are however currently in discussions with two separate commercial ROV camera manufacturers with a proposal that MBARI provide the camera controls and chassis and the vendor design and manufacture the optical dome port and housing. MBARI would license our intellectual property in return for an offset on the vendor provided portion of the system for at least three units over time. This would probably not lower our out-of-pocket costs significantly but does have the advantage of reducing our resource expenditure and risk as well as providing an efficient process for providing a camera to another prestigious non-profit institution that has expressed a strong interest in acquiring a system. There is a risk with this approach in that we lose some control of the optical design and our partner agreement will need firm mechanisms in place to ensure that the optical design delivers the full capability of the camera system. In the event that a satisfactory agreement with a commercial vendor is not obtained, discussions with our grants office have assured us that we also have the option of building an additional camera for the outside non-profit institution under contract.
The project plans on designing and building the camera system on a fast track and completing all development, testing and deployment work in 2020.

Field programs (detail ship requirements/deployments/diver requirements)
In addition to describing anticipated field programs, please be sure to include requirements for specific platforms and equipment  (Dorado AUVs, LRAUVs, Wave Glider, mini ROV, etc.) for each proposed field program so that expectations are clear. Requests must also be entered in the budget entry system.  
The field program requires dockside testing and one at-sea trial. A specific ROV day is not requested for the sea trial because we will plan on scheduling the trial to run concurrently with other missions either scientific or operational.
Operational personnel (see project team list) are needed for consultation and review of design details. Every effort will be made to accommodate individual schedules. It is expected that the time commitment will not be significant. 

Isotope Usage - NA
Safety Disposal Needs - NA
Specific deliverables
4000 meter 4K camera system capable of delivering exceptional images that is fully plug-compatible with the current Doc Ricketts and Ventana ROV systems.
Milestones and required personnel (see personnel classification list for staff classifications)
It is planned that Mark Chaffey, the principle, work on the project essentially full time in order to complete the effort within the year 2020 as proposed. The other critical engineer is Francois Cazenave who must put in significant design work between when we have a detailed optical design and the critical design review milestone. It is anticipated that we will have a full functionality test bed for software development so this effort can be spread across the duration of the project.
Lonny Lundsten is needed for 50 hours for interface work with the M3 system.

If the project is approved, then it is anticipated that a request will be made to direct unallocated 2019 resources for Mark Chaffey toward the effort in order to make as much progress in 2019 as possible.

UPDATED PHASE 2 SCHEDULE 
	2020 Project Start Date: 
01/01/2020
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 (in hours) for each resource category for all milestones listed here

	Milestone Date
	February 7, 2020
	March 6, 2020
	August 26, 2020
	September 4, 2020
	October 1, 2020
	

	Milestone Description
	Fix housing diameter
	Critical design review
	Camera system internals complete
	Final assembly of camera, housing and optics complete
	Sea trials testing on Ventana and Ricketts complete
	

	Electrical Engineer
	100
	260
	240
	240
	240
	1080

	Software Eng-Embedded
	5
	15
	70
	140
	70
	300

	Software Eng-Info Eng
	
	
	
	
	
	

	Mechanical Engineer
	20
	40
	100
	100
	40
	300

	Mechanical Eng-Division
	
	
	
	
	
	

	Mechanical Eng-Mfg
	
	
	
	
	
	

	Associate Engineer
	
	
	
	
	
	

	Electrical Tech
	
	
	
	80
	10
	90

	Software Tech
	
	
	
	
	
	

	Mechanical Tech
	
	
	
	
	
	

	Machinist 
	
	
	2
	320
	
	322


Budget justification
The budget request (budget summary shown below in Fig. 2) is based on a complete system design including the ROV interface and the topside control box. A new topside control box is requested so that the existing camera control box and camera can be swapped easily with the 4K camera system to allow the current system to be used as a ready spare.

The project requests funds for the capital items of camera, lens and telemetry uplink. This fund request is based on current vendor quotes and includes the substantial discount that MBARI receives on the camera from the Sony Corporation and on the lens from Fuji Film Corporation. The funds requested for the glass consulting and fabrication are based on the costs for the i2MAP project with an inflation adjustment up to 2020.
The supplies and equipment request of $35,490 includes the electronic PCB fabrication for the camera and topside printed circuit cards, connectors, housing titanium material, optical dome and relay optics, etc. A budget detail including capital, supplies and equipment only that is broken out by subsystem is shown below in Fig. 3.
For the topside control room, the project requests $3000 for a Black Magic file capture hardware box for generating files from the incoming stream of 4K video. Funds are also requested for an Apple Computer 2019 Mac Pro to act as MBARI Media Management (M3) controller and interface to the existing RAID array and vessel and shoreside network. This computer has the processing power to handle the real-time 4K video stream.
One of the challenges of migrating to 4K video is that none of our current test equipment handles 4K video. In order to be able to set up and maintain the video system a 4K production quality display monitor for is requested for $12,500. This monitor is able to display the full resolution of the 4K video image and also displays the full color space. The display monitor allows accurate assessment of the visual properties of the image including color reproduction and resolution and the built-in vector scope and waveform monitors allow measurement of luminance levels, color saturation and overall signal integrity.
Funds are also requested for travel. One trip by Mark Chaffey to visit a potential vendor/partner in St. Johns, Newfoundland, Canada (both vendors currently in discussions are in Newfoundland), if an agreement is reached, as part of the camera assembly and qualification. A second trip by Francois Cazenave is requested to the pressure test facility in Santa Barbara operated by Maripro L3 in order to test the glass dome and housing.
In the event that we are able successfully partner with a commercial vendor there may be some cost savings on this project any potential future camera builds. The budgeted cost for the housing and optical systems are approximately $30k and a portion of this amount may be recovered in vendor offsets. We would also be able to reduce our mechanical engineering resource request substantially. The management team will be kept appraised of progress and the budget will be updated if this effort is successful.

[image: image1.emf]Quantity Total

HDCP50  4K Global Shutter CMOS POV Camera Sony $32,625.00 1 $32,625.00

HZCUHD50 4K Permanent Software for the HDC-P50 Sony $12,975.00 1 $12,975.00

UA13x4.5BERD 4K Plus Ultra HD Lens Fujinon $28,275.00 1 $28,275.00

T-POV-3244-R4-BS-12 Telemetery base station Grass Valley  $5,568.33 1 $5,568.33

T-POV-3244-TDL-C 

$6,185.83 1 $6,185.83 A-

12V Telemetery camera uplink module Grass Valley  $6,185.83 1 $6,185.83

BDLKULSR4KEXTR3 4K/UHD capture box

Black Magic 

Design $3,000.00 1 $3,000.00

MacPro 2019 Mac Pro 2019 for capture management Apple Computer $6,000.00 1 $6,000.00

BT-4LH310 or equivalent 4K Production video monitor Panasonic $12,500.00 1 $12,500.00

$107,129.16

Misc. Supplies & Equipment $35,490.12

Optical design consulting fees $8,000.00 1 $8,000.00

Pressure testing of camera housing and dome per hour Maripro S.B. $175.00 6 $1,050.00

$9,050.00

Trip visit vendor in St. Johns, Newfoundland - airfare $750.00 1 $750.00

Trip visit vendor in St. Johns, Newfoundland - hotel $600.00 1 $600.00

Trip visit vendor in St. Johns, Newfoundland - Car rental $150.00 1 $150.00

Trip to visit vendor - Meals $150.00 1 $150.00

Travel, domestic

Trip to pressure test facility in Santa Barbara - hotel $150.00 1 $150.00

Trip to pressure test facility in Santa Barbara - car $100.00 1 $100.00

Trip to pressure test facility in Santa Barbara - meals $75.00 1 $75.00

$1,975.00

Sales tax on capital, supplies and equipment @ 7.75% $11,052.99

Optical glass shipping and customs costs $950.00

Misc. shipping costs $450.00

$1,400.00

$166,097

Total Shipping Expenses

Total Outside Services

Project Expenses Total

Total Sales Taxes

Total Capital Expenses

Sales Taxes

Shipping & Customs

MBARI 4K CAMERA PROJECT BUDGET SUMMARY

Total Supplies & Equipment

Capital Expenses

Misc. Supplies & Equipment

Outside Services

Travel, international

Total Travel Expenses


Figure 2. Project total budget summary
[image: image2.emf]Date 7/12/2019

Part Number Item Description Vendor Cost Each Qty. Cost

CAMERA & LENS

HDCP50  4K Global Shutter CMOS POV Camera, quote #Q-00046426  3/14/2019 Sony $32,625.00 1 $32,625.00

HZCUHD50

4K Permanent Software for the HDC-P50 quote #Q-00046426  

3/14/2019 Sony $12,975.00 1 $12,975.00

UA13x4.5BERD 4K Plus Ultra HD Lens per quote #110918MC  11/09/2018 Fujinon $28,275.00 1 $28,275.00

SubTotal $73,875.00

RMB-170 Camera remote control Sony $1,560.00 1 $1,560.00

Wireless RCP Sony RCP to Ethernet converter Teltec AG $2,370.00 1

SubTotal $1,560.00

Lens control electronics $3,500.00 1 $3,500.00

SubTotal $3,500.00

T-POV-3244-R4-BS-12

Base station, T-POV 4K, 1RU, 4x 3G SDI Outputs, bi-di HD/SDI, VBS,

10/100 E-Net, 4 audios, 3 data's (232/422/485), GPI, 12VDC, (ADD UFP

MTO Grass Valley  $5,568.33 1 $5,568.33

UFP-2STSM Universal Fiber Plate with 2 STs both SingleMod Grass Valley  $133.06 1 $133.06

ADAP-AC-0 AC Power Adapter (Indoor); 120/240 VAC in; 4-pin XLR; 4A; 15 VDC $105.00 1 $105.00

T-POV-3244-TDL-C $6,185.83 

1 $6,185.83 A-12V

12VT-POV 4K, Throwdown, 4x 3G SDI Inputs, Bidi: HD/SDI, VBS, 10/100 

E-Net, 4 audios, 3 data's (232/422/485), GPI, 12VDC, (ADD UFP MTO) $6,185.83 1 $6,185.83

UFP-2STSM Universal Fiber Plate with 2 STs both SingleMode $133.06 1 $133.06

SubTotal $12,125.28

Optical Dome port and spares (price based on previous + inflation) Fathom Imaging $1,728.00 3 $5,184.00

Adapter Lens set and spares Fathom Imaging $1,392.00 2 $2,784.00

Tooling costs for lens manufacture Fathom Imaging $5,046.00 1 $5,046.00

Optical glass shipping and customs costs $950.00 1 $950.00

Optical design consulting fees $8,000.00 1 $8,000.00

SubTotal $21,964.00

6AL4V Titanium trepanned barrel material $7,000.00 1 $7,000.00

6AL4V Titanium dome support and bulkhead material $500.00 3 $1,500.00

Pressure testing of camera housing and dome per hour Maripro S.B. $175.00 6 $1,050.00

SubTotal $9,550.00

Seacon optical bulkhead connector Ti $1,600.00 1 $1,600.00

Molded camera to ROV optical cable (use existing parts) $6,000.00 0 $0.00

Seacon electrical bulkhead connector Ti $1,400.00 1 $1,400.00

Molded camera to ROV electrical cable (use existing parts) $1,000.00 0 $0.00

Chassis raw materials and anodizing $250.00 1 $250.00

SubTotal $3,250.00

Topside control box electronic components $4,500.00 1 $4,500.00

SubTotal $4,500.00

BDLKULSR4KEXTR3 4K/UHD capture box

Black Magic 

Design $3,000.00 1 $3,000.00

Mac Pro 2019 for capture management Apple Computer $6,000.00 1 $6,000.00

BT-4LH310 or equivalent 4K Production video monitor Panasonic $12,500.00 1 $12,500.00

4K2HD 4K/UltraHD to HD-SDI and HDMI Down-Converter AJA $795.00 1 $795.00

SubTotal $22,295.00

$152,619.28

CAMERA HOUSING COMPONENTS

CAMERA CHASSIS and ELECTRICAL COMPONENTS

TOPSIDE CONTROL BOX COMPONENTS

TOPSIDE AND SHORESIDE MISC. COMPONENTS

Capital and Supplies Total

MBARI 4K Camera Project Detailed Capital & Supplies Budget by Subsystem

CAMERA CONTROL

TOPSIDE CONTROL BOX COMPONENTS

TELEMETRY SYSTEM (Grass Valley)

OPTICAL DOME and ADAPTER LENSES COMPONENTS


Figure 3. Detailed budget of capital and equipment and supplies by subsystem. Does NOT include travel, etc.
Project team
The project team consists of an engineering team of:

Jim Barry and Steve Haddock who will provide guidance on science requirements and user concerns.

Francois Cazenave who will design the camera housing and dome support.

Rich Henthorn who will write the lens control software although depending on resource loading, Brent Roman could also do this work. 
Mark Chaffey will act as project manager and design the camera chassis and control electronics.

Lonny Lundsten representing the video lab will support the topside file capture and ensure compatibility with the M3 system.

We also will have an operations team of Ben Erwin representing the Doc Ricketts and DJ Osbourne representing the Ventana and Dave French in technical support to ensure operational compatibility with current systems and to provide guidance and advice.
Project lab and office space requirements - No additions to current usage.

R/V Paragon Requests - None
Risk matrix (development and infrastructure projects only)
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	X
	
	X
	X

	Low
	
	X
	
	


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

We are in discussions with Adam Goby at Sulis Subsea Inc., and Ron Collier of SubC Imaging on forming a development partnership.
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.

We are in discussions that might involve the transfer of intellectual property to either Adam Goby at Sulis Subsea Inc., or Ron Collier of SubC Imaging, both of Newfoundland, Canada. The project information and hardware is not known to be export-controlled.
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 https://sanctuarysimon.org/regional_sections/maps/mpaviewer/. If your work will be conducted in one of these areas, please indicate which area by number or name (zoom in to see names of MPAs).
No
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
United States Coast Guard – Not applicable
Will your project require a PATON? - No
Will your project require submission of a Local Notice to Mariners? - 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.

No
Active Acoustics – None
� This date and number should remain the same for the duration of the project. If your project start date for 2020 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. 


� There are two similar standards, “4K” which is a 4096 x 2160 pixels and “UHD” or Ultra High Definition which is 3840x2160 pixels. The resolutions are very similar with 4K being used more for cinematic productions and UHD for consumer televisions and broadcast content. Often the terms are used interchangeably as 4k/UHD.


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