2017 Proposal Process – Internal-Only Projects

Submission Deadlines: Phase I – July 20th at 8:00 a.m., Phase II – September 7th

	Project Number:
	901709


	Project Start: Jan. 1,
	2017

	Project Duration (in years):
	Year 1 of 1 1


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

	
	x
	
	
	
	
	
	
	
	
	
	
	
	x
	

	
	
	
	
	

	Ship Time
	ROV
	AUV
	Wave Glider
	Mini ROV


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

	
	
	
	
	x
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	

	Feasibility/Scoping

[Less than 100 days effort]
	Development

	Research
	Infrastructure2
	Education

	
	
	
	
	
	
	
	
	

	
	
	
	
	

	
	Time Series
	Institute Initiative
	
	

	
	
	
	
	


Project Manager
:

Dale Graves
Principal Investigator:
   [Enter name here]   
Lead Scientist:


Charlie Paull
Lead Engineer:

Dale Graves

Project Title:

MiniROV Smart Clump
1) ABSTRACT (new projects only)
This proposal is to design and build an instrumented umbilical depressor weight which will provide both an improved visual awareness of the vehicle and its surrounding benthic environment with a “birds eye” view plus provide a safer way of managing the umbilical and clump during dives.

Due to the small size and limited thrust of the MiniROV, a heavy depressor weight (150 -200 lbs) is attached approximately 50 meters up the umbilical from the vehicle.  This minimizes the amount of tether drag that the vehicle must overcome.  This 50 meter section is referred to as the flying tether and is made neutral with the addition of temporary floats.  This setup provides isolation from the drag and heave of the entire umbilical and is critical for operation of a small ROV.  Positioning of the clump is required for the safe operation of the vehicle and the safeguarding of the umbilical, so an acoustic tracking beacon is attached to the clump to provide an estimated depth and position.  However, working on steep slopes and canyon walls can create a potential risk of dragging the clump and umbilical on the rocky slope if the bottom topography is unknown or if the USBL tracking is poor.  We are proposing the addition of sensors, which can assure that the clump is the correct height above the ROV and that its clear of the botom and not fowling the umbilical.  In addition, the smart clump provides feedback on umbilical turns preventing hockles in the cable and shows a bird’s eye view of the vehicle and the surrounding area. 

The Smart Clump design consists of off the shelf depth, altitude and heading sensors, a low cost low light level camera, and a pressure housing (in house design) for the electronics.  We will provide the hooks to add additional instruments in the future such as sonar and a thruster for auto heading.  This system will utilize identical components which are already in use on the ROV in order to minimize design risk and require no additional spares to be purchased or stored.  Software development will be greatly minimized by the reuse of existing vehicle code and instrument drivers.  In addition, the design will allow for the quick removal of the smart clump if desired for particular missions. 

2) PROPOSAL
a) New Projects
Statement of the problem, why it is important

There are three main problems that the Smart Clump will address:  

All ROV systems need to keep track of turns or twist that are induced into the umbilical in order to prevent damage from hockels or kinks in the cable. We can effectively manage the twists induce from rotating the ROV and ship by keeping track of the turns induced by each and making sure that these turns are removed by rotating the ROV in the opposite direction. Since no cable is perfectly torque balanced, when we put a load on the umbilical, it rotates.  This rotation is not consistent or predictable, so we have no way of knowing how much the cable has twisted.  Therefore, we have no way of measuring this value and are simply forced to ignore it.  These turns eventually translate down to the floated section of the flying tether located between the ROV and clump and if allowed to stay they can cause the cable to kink when pulled tight.  If this kink is severe enough it can affect the loss of vehicle telemetry and as a result, the section of cable from the ROV to the kink needs to be cut off and the umbilical re-terminated.  This is a significant problem that can cause the quick reduction of the total umbilical length to the point that the cable length is no longer sufficient able to allow the ROV to reach its max operating depth.
The second problem is not having an accurate position of the clump weight which is essential for the safe operation of the system.  With the current clump weight design, the lack of provides a challenge to safely managing the cable and keeping the clump clear of unknown obstacles such as the seafloor or canyon wall.  An Ultra Short Base Line (USBL) positioning system can be used to try and track the clump in order to get a position relative to the ROV and ship, but this doesn’t provide a very good solution for position of the clump relative to the bottom if the topography is unknown.  In addition, USBL tracking can be very inconsistent and is dependent on many factors such as weather and how the ship is being maneuvered.  So without accurate positioning, it is difficult to ensure that the clump is clear of obstacles such as canyon walls or large outcrops and we risk damaging the umbilical from dragging it across these obstacles or even worse, entanglement of the clump and possibly parting the umbilical.  The image below illustrates the potential danger that the umbilical and clump can be in along a canyon wall. 
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Figure 1: View of the ROV through a camera on the clump weight.
The third problem is the limited view of the vehicle’s surroundings as seen by the pilots and scientist through the ROV’s main camera.  This is due in part to the camera’s limited field of view and the back scatter of particles caused by the ROV lighting.  It is difficult to really understand what the surrounding area is like or easy to miss a target during a search when you can only see a few meters directly in front of the vehicle. 
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Figure 2: Birds-eye view of a ROV and its surroundings.
How does it relate/contribute to MBARI’s mission and strategic plan?
MiniROV is an enabling technology that fits into two themes in MBARI’s strategic plan: Exploration and Discovery: The MiniROV extends MBARI’s reach into remote areas. Ocean Visualization: The MiniROV enables imaging of polar phenomena.
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.)
The MiniROV is a multi-purpose platform and with the addition of the Smart Clump it can be used to contribute to several focus areas of the Packard Foundation’s Ocean Vision policy. This enabling technology is most relevant to the Packard Foundation’s focal area of Ocean Science Research and Monitoring. The MiniROV has proven to be a useful tool for the Parkard Foundation’s programs support of marine conservation efforts with the successful surveys performed in the Cabo Pulmo National Marine Park and the assistance with the Rockfish studies in the Monterey Bay for the Nature Conservancy and Moss Landing Marine Laboratories.
Does it relate to the Technology Roadmap? If so, please describe how. 

(See http://mww.mbari.org/oed/TechnologyRoadmap.pdf.)
The Smart Clump will enhance the MiniROV’s abilities to conduct expeditions and experiments that provide insights into the future ocean.  A great example of this is how the MiniROV played a big role in addressing one of our engineering challenges of Taking the laboratory into the ocean.  For the last two years the MiniROV was essential in the development of the Deep PIV instrument.  Deep PIV allowed us to take an instrument that is typically only used in the laboratory and bring it into the ocean to make real time measurements at depth.  The Smart Clump will increase the efficiency of the ROV and provide better quality dive time either working on the bottom or in the water column. 
Approach to the problem
Our approach to the problem is to replace the current depressor weight with a system outfitted with a suit of sensors, thrusters and cameras that can provide the control and feedback to monitor and safely navigate the umbilical and clump in relation to the ROV and help avoid any obstacles such as the sea floor.  In addition, the camera will provide a birds-eye view to better understand the surrounding area.
In order to incorporate the Smart Clump, the umbilical is terminated at the location of the clump to get access to the fibers and power conductors.  The current depressor weight is replaced with a weighted framework that acts as the depressor, but also contains the communications and power electronics to interface the sensors, thrusters and cameras.  From the Smart Clump, a second section of umbilical 50 meters in length, referred to as the Flying tether  is added and terminates at the ROV. This is the same approach taken by WHOI’s Jason and IFE’s Herculies ROVs and has proven to be very successful.  
We will minimize the risk and development time by utilizing the same system architecture and COTS components from the design of the MiniROV system that now has a proven track record.
Publications (from other projects over the last 5 years)

   [Click here to enter text]   
b) Continuing Projects

c) New and Continuing Projects: Plans for 2017
Research Activities
The MiniROV is scheduled to participate in several deployments around the world in 2017 and we will be able to immediately utilize the improvements the Smart Clump can provide.

Engineering/technology development

The engineering and technology development of Smart Clump will address the following primary requirements:
1. The Smart Clump will be able to be added or removed depending on the type of operation.
2. The system will have at a minimum, one wide angle, low light camera for observation of the ROV, umbilical and surrounding area.
3. Provide (2) thrusters for the orientation of the clump and control of umbilical twists.

4. Lighting for the observation of the umbilical and surrounding area.

5. Altimeter sensor for determining the distance off bottom.

6. Depth/pressure sensor for determining the depth of the clump and keeping a safe distance above the ROV.

7. Heading sensor for tracking umbilical turns.

8. Graphical User Interface (GUI) for display of instrument data.

9. Auto heading - closed loop control of thrusters for orientation of clump. 

10. USBL transponder for tracking.

11. One HD color camera for high quality images of the vehicles surroundings. 

12. Provide a Tilt unit for the camera so that we are better able to keep sight of the ROV when it ventures further from the center of the working radius of the clump. 

13. Provide a Neutral flying tether to reduce overall drag and stiffen up the flying tether to reduce the risks of kinks. 

14. Sonar - obstacle avoidance 

Figure 3: is a simple block diagram of the Smart Clump with a breakdown of all the major components and shows the COTS equipment, existing designs and required new designs.  

The primary design effort is the development of the Electronics housing; this will incorporate the instrument and video mux and is the interface for the instrumentation and cameras.  This design will be very similar too, but a scaled down version to the main ROV electronic pod.  The remaining components are either COTS equipment or equipment that was developed for the Mini which will be duplicated for the Clump.
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Figure 3: Block diagram of the Smart Clump.
Field programs (detail ship requirements/deployments/diver requirements)
We would like to request one day at sea on the Rachel Carson for testing of the new smart clump.  In addition, we will need a day for mobilization/demobilization on each end.
Isotope Usage

None
Specific deliverables
Integrated Smart Clump system with the following key components:
1. Electronics housing with fiber optic and electrical interface to the vehicle control system and GUI.

2. Instrument suite consisting of depth, heading and altitude
3. Umbilical and instrumentation junction boxes 

4. Thruster DC/DC converter can (400vdc to 48vdc)

5. Camera(s) and lighting for providing the birds-eye view

6. Thrusters for heading control

7. USBL transponder for acoustic tracking

8. Sonar for obstacle avoidance

9. Updated ROV GUI with user interface for control and feedback of the clump system.

Milestones (see personnel classification list)
At this date it’s not clear to the team what the final 2017 MiniROV schedule will be, but we are aiming for completion in the first quarter of the year so that we will be able to take advantage of it features for the upcoming 2017 cruises.  We realize that this is a very ambitious schedule to meet, but believe it is possible since much of the design is leveraged from the MiniROV system.
Milestone 1 – Design review
Review system architecture, power budget, cable/umbilical terminations, changes in the launch & recovery procedures and plans for the new operation methods with the Smart Clump.

Milestone 2 – Completed fabrication
Completed machining of j-boxes, electronics housing, thrusters and clump frame.  Completed pressure test of electronic housing.
Milestone 3 – Integration & testing
Completion of wiring and assembly of electronics can and J-boxes.  Completions and check out of new GUI and integration of sensors and cameras.  Final assembly of Smart Clump frame, j-boxes, electronic housing and sensors.

Milestone 4 – Sea trials
We will spend one day on the Carson diving the MiniROV with the new clump system to ensure the functionality of all of the sensors and cameras.  In addition, we will work on positioning the vessel using the clump cameras for feedback and try to get some time working along the canyon’s wall.
	2017 Project Start Date: 
MM/DD/2017
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	1/30
	2/30
	3/24
	4/1
	
	

	Milestone Description
	Design review
	Fabrication completed
	Integration/testing
	Sea trials
	
	

	EE
	Sherman (60 hrs)
	
	Sherman (40hrs)
	Sherman (20hrs)
	
	120hrs

	SE
	
	
	
	
	
	

	ME
	Graves (100 hrs)
	Parker (100 hrs)
	Graves (80hrs)
	Graves (20hrs)
	
	300hrs

	EE Tech
	
	80
	20
	
	
	100hrs

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	Flores (60 hrs)

	Flores (20hrs)
	Flores (20hrs)
	
	100hrs

	Machine Shop
	
	160
	
	
	
	160hrs

	Divers
	
	
	
	
	
	


Budget justification
Our desire is to fully complete the smart clump in 2017, but in response to the Management team’s abstract feedback, we have provided a materials budget that will allow us to spread out some of the costs over two years if needed.  This approach will still allow us to have a functional clump in 2017, but we would delay the purchase of the HD camera, camera tilt unit and sonar until 2018.  This is reflected in the below budget sheet.  In addition, we would like to purchase a neutral “Flying tether” which will further reduce the overall umbilical drag and provide a stiffer cable which is more resistant to kinks and damage, but we realize that this is a large percentage of the budget and can be delayed if needed.

One additional note:  Our collaborators at Global Foundation for Ocean Exporation (GFOE) who are building the ROV Yogi, a copy of our MiniROV system, have introduced us to a new line of low cost fiber optic cables and connectors which they have decided to implement on the Yogi vehicle.  We are looking at this as a possible replacement for the clump’s fiber cables and connectors which could significantly reduce the $20k cost that we currently have budgeted.  GFOE will be performing sea trials with Yogi in August and we should have a better idea of how this new system works and will be able to make a decision at that point. 

[image: image4.emf]ITEMS QTY. (year 1)Item Cost Item Total (year 1) Deffered Cost (year 2)

Umbilical (neutral flying tether)* 0 $15,000.00 $0.00 $15,000.00

Sonar (obstacle avoidance)* 0 $25,000.00 $0.00 $25,000.00

Focal Mux motherboard 1 $4,000.00 $4,000.00

Focal CWDM (for use with HD camera) 0 $1,000.00 $0.00 $1,000.00

WAGO stack 1 $800.00 $800.00

Camera(1) SD B&W  1 $2,500.00 $2,500.00

Camera(2) HD Color* 0 $6,000.00 $0.00 $6,000.00

Depth Sensor 1 $5,000.00 $5,000.00

Altimeter 1 $2,500.00 $2,500.00

Heading Sensor 1 $1,200.00 $1,200.00

Tilt Unit 0 $1,500.00 $0.00 $1,500.00

Fiber Cables & connectors 2 $10,000.00 $20,000.00

Thrusters (MBARI) 2 $3,000.00 $6,000.00

Light (DSPL Sealight) 1 $2,500.00 $2,500.00

SEACON connector & cable 1 $5,000.00 $5,000.00

Materials 1 $1,000.00 $1,000.00

Total $50,500.00 $48,500.00

* Desired option, but a lower priority

MiniROV Smart Clump budget


Project team
Dale Graves – Mechanical/software engineer
Alana Sherman – Electrical engineer

Frank Flores – Mechanical tech

Mike Parker – Mechanical engineer
Project lab and office space requirements 
We wish to continue to use bench space in the Mechanical Engineering Lab where we have been located for the last couple of years.  This area is ideally located for the MiniROV testing since its proximity is near the test tank and our control and work vans.
Data storage requirements (see Todd Ruston for assistance)
We don’t foresee any additional data storage requirements.  If any video is to be recorded from the smart clump camera, its feed will be switched between the main HD camera, so we will continue to still record just one image at a time.
Data availability outside project team, uniqueness

   [Click here to enter text]   
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.

No request for the Paragon
Export Regulation
Does the project team anticipate any foreign collaborations or international travel? If so, please identify collaborators by name, institution, and country.

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.

The MiniROV is a fly-away system and we do anticipate international travel, but the Smart Clump will not add any additional export regulations over what we are currently dealing with. 

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. 

   [Click here to enter SESA number, if applicable, or enter "None"]   
Authorizations/Permits from other Agencies or Organizations

We are not aware of any additional requirements for permits.
Active Acoustics

This project will include the use of an altimeter operating at 500 kHz and a USBL transponder working in the medium frequency range of 18 to 34 kHz. 
Risk matrix (development and infrastructure projects only)
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	
	
	
	x

	Low
	x
	x
	x
	


� This date and number should remain the same for the duration of the project. If your project start date for 2017 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 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.





Page 6 of 12

Sheet1

		MiniROV Smart Clump budget



		ITEMS		QTY. (year 1)		Item Cost		Item Total (year 1)		Deffered Cost (year 2)

		Umbilical (neutral flying tether)*		0		$15,000.00		$0.00		$15,000.00

		Sonar (obstacle avoidance)*		0		$25,000.00		$0.00		$25,000.00

		Focal Mux motherboard		1		$4,000.00		$4,000.00

		Focal CWDM (for use with HD camera)		0		$1,000.00		$0.00		$1,000.00

		WAGO stack		1		$800.00		$800.00

		Camera(1) SD B&W 		1		$2,500.00		$2,500.00

		Camera(2) HD Color*		0		$6,000.00		$0.00		$6,000.00

		Depth Sensor		1		$5,000.00		$5,000.00

		Altimeter		1		$2,500.00		$2,500.00

		Heading Sensor		1		$1,200.00		$1,200.00

		Tilt Unit		0		$1,500.00		$0.00		$1,500.00

		Fiber Cables & connectors		2		$10,000.00		$20,000.00

		Thrusters (MBARI)		2		$3,000.00		$6,000.00

		Light (DSPL Sealight)		1		$2,500.00		$2,500.00

		SEACON connector & cable		1		$5,000.00		$5,000.00

		Materials		1		$1,000.00		$1,000.00

		Total						$50,500.00		$48,500.00

		* Desired option, but a lower priority
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