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Project Manager
:

Brett Hobson

Principal Investigator:
Brett Hobson

Lead Scientist:
Charlie Paull and Rick Starr (MLML for Rockfish section)
Lead Engineer:

Rob McEwen 
Project Title:
AUV Science Operations Using Terrain Relative Navigation
1) PROPOSAL
a) Continuing Projects

Current status of project and results to date
The 2015 work plan had two main topics:
1. TRN Technology section was to deploy the Iceberg AUV in the Monterey Canyon axis at 2800 meters to explore the extents of the chemosynthetic clam communities using technology and hardware developed under NASA funding (Project 708118).

2. Rockfish Tech Transfer - This is a is a collaboration with fellow Packard Foundation grantees to export MBARI/Stanford technology to help with Rockfish science and conservation.

Topic 1- TRN Technology discussion:  During the first half of 2015 the team has been working to improve the low-altitude performance of the Dorado AUVs.  Low-altitude flight will be used near the seafloor for MBARI science applications, and along a shear wall in Monterey Canyon for the NASA iceberg mission and future canyon wall exploration. We selected and installed two Imagenex multi-beam sonars that can be installed in either a forward/down-looking or forward/side looking arrangement.  Unfortunately there has been an acoustic interference problem that took a frustratingly long time to isolate and solve.  We eventually used a ping delay of 100ms to allow the DVL sound energy to dissipate before firing the obstacle avoidance sonars.  We also spent quite a bit of time trying to solve a vertical control problem during sharp turns.  We are also finally ready to transition from flying the DMO mapping AUV to the actual Iceberg AUV for our planned dives in September.  This will provide time to perform vehicle shake-down during three missions over three months in advance of our final dive at 2800m on December 9th.

  This project has also benefited from the success of the Full Speed Simulator project 901504 and integration of octree terrain models into the simulator.  We are now able to quickly simulate TRN-based return-to-site-missions, in actual terrain, and high speed.  We can now accurately simulate most aspects of planned dives, which should significantly increase the efficiency of our meager offshore test days.
Now that the obstacle avoidance sonars are working, the Iceberg AUV is almost finished,the fast simulator is working with real seafloor terrain and we have adequate resources remaining we feel we are in a good positon to have a successful science deployment in December. 
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Figure 1: (left) Simulator results of a planned AUV mission  prior to running at Portuguese Ledge.  (right) Simulator results of an AUV mission around a challenging Iceberg-like model.
Topic 2- Rockfish Tech Transfer discussion:

This project is also the vehicle we’ve been using to engage with outside researchers and NGOs to find ways to export MBARI technology to bear on shallow-water (100-300m) fisheries research and conservation. The Packard Foundation is currently supporting The Nature Conservancy (TNC) and Rick Starr at MLML as they try to document the recovery of overfished rockfish stocks within the Rockfish Conservation Area along the West Coast that has been closed for about 12 years using a video lander and traditional hook and line.  We collaborated with TNC and Starr to demonstrate the ability of MBARI’s MiniROV, along with AUV derived high resolution bathymetry and precision navigation techniques to find and document rockfish and their habitats in Monterey Bay.  Over three days in July we deployed the MiniROV from the F/V Donna Kathleen at four sites in water depths ranging from 80m to 400m.  The following ROV features and survey techniques were highlighted:
1. Small, 1500m depth capable ROV could be deployed from a common sized fishing vessel (57’)

2. Rockfish habitat can be identified using 1-m resolution bathymetry and missions can be planned on bathymetry maps to visit areas of highest likelihood to find rockfish.

3. DVL and USBL aided dead-reckoning navigation ROV tracks (G. Troni) can be overlaid on the high resolution bathymetry maps to accurately follow pre-planned and exploratory benthic missions.

4. Scanning sonars can be used as Terrain Relative Navigation (TRN/Stanford) tools to identify map offsets and possibly even be used as primary navigation source to replace expensive USBLs and DVLs on low-cost ROVs.
5. The HD camera and lighting configuration of the MiniROV yields high quality video footage.

6. Expert ROV piloting (Dale Graves) and smooth lateral translation along canyon wall features revealed extensive rockfish habitat and the fish avoidance seemed small.

7. Scanning sonars reveal schools of fish in the water column above terrain features
8. The MiniROV was quiet enough to approach and identify the species with these schools.

During the final day of operations Dirk Rosen from MARE, EJ Dick from NMFS and Paul Reilly from CDFW joined the cruise to see first hand how the MBARI technology was being used.  MARE is an NGO that specializes in providing ROV survey capabilities to fisheries researchers and is a good candidate to transition MBARI technology. EJ and Paul are other rockfish researchers that are interested in new tools for deep water habitat exploration.
During preliminary discussions it became clear that much of the relatively expensive technology MBARI has developed for the deep ocean was beyond the financial means of almost all the Rockfish researchers so we helped organized a workshop to try to develop a set of requirements to possibly develop some new, lower cost visual tools, which was hosted at MBARI on April 18 and was titled: Cost-Effective Visual Tools Workshop. Hobson, Connor and Au helped organize this workshop and a summary report is available here:
 \\atlas\projectlibrary\901500 AUV TRN Operations\Documents\Visual Tools Workshop
The goals of the workshop were to: 
Achieve broad consensus on technical approaches for addressing focal science question(s) through the use of cost-effective visual tools and provide recommendations to guide further research and development. 

• Briefly review some recent technology advances and promising approaches for visual tools; 

• Discuss how focal science questions could potentially be addressed through cost-effective visual tools; 

• Identify tradeoffs in design of visual tools and begin to outline technical requirements; and 

• Discuss challenges with technological change over time. 

Focal Science Questions 
The workshop was structured around two focal science questions, with the aim of guiding and focusing the discussion about the use of visual tools and the technical requirements to address those science questions. The two focal science questions were: 

1. What is the distribution of fishes (e.g., rockfish) or invertebrates (e.g., squid egg cases, sea stars)? 

2. What are the densities and sizes of selected fish or invertebrate species? 

These focal science questions were further bounded by a set of pre-identified conditions (e.g., spatial and temporal scale, depth range, habitat type, visual acuity required) that provided a realistic context for discussing the use of visual tools to address the science needs.

Discussions at the workshop helped guide the ROV demonstrations in July, but the real success of the workshop was how well MBARI’s Sea Star camera system matched the needs expressed by many of the participants. 
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Figure 3: MiniROV recovery from the fishing vessel Donna Kathleen. 
Significant changes from previous project proposal 

No significant changes
Publications based on the results of this project only
No publications, yet
b) New and Continuing Projects: Plans for 2016
Engineering/technology development

During 2016 we propose to continue to pursue both the core TRN science applications and technology export to the external Rockfish researchers and related NGOs.  
Topic 1- TRN Technology discussion:  During the first quarter of 2016 we propose to conduct 5 AUV deployments from the Carson to continue to improve the low-altitude bottom and wall following capabilities of the AUV in advance of the NASA supported field expedition to St. John’s Canada in June 2016.  We will be planning and simulating low altitude missions at Portuguese Ledge and along a shear wall section in the Monterey Canyon axis near the confluence with Soquel Canyon.  We will be exercising the full capabilities of the new Iceberg AUV, with its re-orientable sonars and cameras to capture high resolution sonar and color still images.  The new camera system features efficient high output LED lighting panels and a camera with internal mass storage that can be configured as either a still camera or HD video camera that will be used for other MBARI applications.  While we have demonstrated wall following, we will be carefully removing some of the navigation safeties we rely on in the canyon, but will not work while circling free drifting icebergs.
Tasks:
1. Refine the iceberg mission 200 McEwen, 75 Henthorn
1.1. New safety logic for bergs, eliminating/replacing the concept of corridors
1.2. Calculating the "reference heading" to assign to the bergs surface
2. Mission prep for (5) days of testing; 200 McEwen, 75 Henthorn, 75
2.1. AUV mission coding, testing and simulation

2.2. Testing time

2.3. Post mission analysis

3. DMO AUV support (Hans) 100 hours 
4. Mapping support – 50 hours Caress

4.1. Processing multi-beam data and generating maps of the walls

5. AUV payload support 50 Henthorn, 100 Hobson

5.1. Camera driver

5.2. Mechanical/operation 

Topic 2- Rockfish Tech Transfer discussion:
One of the most exciting results of the July 2015 MiniROV demonstration was the possibility of using acoustics to image a school of rockfish up off the bottom with enough resolution to count individuals and then perform synoptic visual ID ground truth.  This is something that’s never been done and could yield significant accuracy to stock assessments.  While ship-based bio-acoustics are able to image individual fish at short ranges, the diverging beams loose resolution at deep depths.  While bio-acoustic sonars can be calibrated to yield a surprising wealth of information by  skilled users, they cannot differentiate between species of rockfish. Existing ground-truth tools like capture nets and hook and line are difficult to perform synoptically with bio-acoustic sonars. It is envisioned that a small ROV could be equipped with a properly calibrated multi-beam sonar capable of stock assessment and flown above areas  know to support large schools of rockfish, turn around and fly down to perform species identification like we were able to do during the July cruise. 

In March of 2016 we propose to bring the MiniROV along during two of the Iceberg AUV test missions being requested above, to work collaboratively with the Reson 7125 multi-beam equipped AUV to ground truth water column backscatter we’ve seen at Portuguese Ledge during missions in 2013 and 2014.  In fact, the AUV’s obstacle avoidance sonar detected fish schools above a ridge, which caused the AUV to fly much higher than planned so it wouldn’t “crash” into the fish.  We’re suggesting this two vehicle approach rather than integrate the sonar onto the MiniROV, which is possible, to save time.  This task is complementary with the Bio-acoustics investigation proposed by Smith in his Pelagic Benthic Coupling #901113 and Park & Fly AUV # 901606 projects where he plans a test deployment of the new T20 sonar at Station M as well as Caress’ T20 evaluation on ROV Ventana under his Imaging TAG # 901601.
6. MiniROV operations
6.1.  mobilization; Graves (20), Sherman (20), 

6.2. Operation part time for 2 days: Graves (20), Sherman (20)

7. Sonar data processing

7.1. Offload and perform basic processing; Caress (50)
7.2. Detailed biomass assessment processing will be performed by Starr’s lab at MLML

In addition we propose to help MARE, which is a non-profit company, adopt some of the precision control and ROV design features we demonstrated with the MiniROV in July.  Specifically we request:

8.  Casual support to help MARE upgrade their Beagle ROV to real-time HD – Graves (5)
9.  Navigation advice, for integrating DVL into real time ROV tracking to improve accuracy – Troni or Risi (10) 
Field programs (detail ship requirements/deployments/diver requirements)
We request:

3 days of Carson + AUV
2 days of Carson + AUV + MiniROV

Specific deliverables
Milestones (see personnel classification list)
   [Click here to enter text]   
	2016 Project Start Date: 
MM/DD/2016
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	2/2/16
	2/15/16
	2/29/16
	3/15/16
	4/15/16
	

	Milestone Description
	Bottom following test1 
	Wall following test 1
	Wall following test2
	Bottom following test 2 + Rockfish
	Ship AUV to St. John’s
	

	EE
	
	
	
	40
	
	40

	SE
	200
	200
	200
	300
	
	800

	ME
	50
	75
	75
	95 
	25
	320 

	EE Tech
	
	
	
	
	
	

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	
	
	
	
	

	Machine Shop
	
	
	
	
	
	

	Divers
	
	
	
	
	
	


Budget justification
No expenses are expected
Project team
Brett Hobson (275 hrs) – PI
Rob McEwen (500 hrs) – Lead SE

Rich Henthorn (200 hrs) – SE

Dave Caress (100 hrs) – Mapping Specialist

Dale Graves (45 hrs) – Mini ROV Group Lead/pilot

Alana Sherman (40 hrs) – MiniROV co-pilot

Mike Risi (10) – Navigation specialist

Hans Thomas (100) – AUV Specialist

Project lab and office space requirements 
Existing AUV and MiniROV space is adequate
Data storage requirements (see Todd Ruston for assistance)
We expect to collect 1 TB of seafloor images over the next year
Data availability outside project team, uniqueness

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

Export issues were raised in the Iceberg AUV project 708118
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 export control issues other than described in the Iceberg AUV project 708118
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. 

We do not expect to operate within a SESA area
Risk matrix (development and infrastructure projects only)
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	x
	
	
	

	Medium
	
	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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