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:
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Brett Hobson
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Charlie Paull, Bob Vrijenhoek, and Rick Starr (MLML) for Fisheries 
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Rob McEwen and Steve Rock
Project Title:
AUV Science Operations Using Terrain Relative Navigation
1) ABSTRACT (new projects only)
The NASA funded Iceberg AUV project is building a new mapping AUV that will be equipped with seafloor imaging cameras and lights and a Reson multi-beam sonar, and we expect to be ready to conduct operations with it in the second half of 2015.  The Iceberg AUV will be fitted with forward and side-looking sonars to be used for obstacle avoidance and terrain following.  The basic functionality of those sonars and the related vehicle control behaviors were demonstrated at Portuguese Ledge aboard MBARI’s Mapping AUV during 2014.  Perhaps the most valuable technology developed by Steve Rock’s team at Stanford and under MBARI’s Precision Controls Project (#600034) and demonstrated under the Iceberg AUV project is Terrain Relative Navigation (TRN), which allows the AUV’s on-board navigation to be adjusted to reflect the AUV’s position with respect to the terrain around it, thereby allowing the AUV to accurately fly over a feature on the seafloor, or ‘Return to Site” without having to perform an area search to overcome inaccuracies inherent with other navigation techniques. 

We propose to pick up where the Iceberg AUV project left of and refine:
1. Terrain-following with a long (5.3 m) AUV 
2. Obstacle avoidance using a forward-looking multibeam sonar
3. Terrain Relative Navigation (TRN)
When these capabilities are ready, we propose to perform an exploratory mission at low-altitudes collecting 10cm bathymetry and overlapping images at the large chemosynthetic clam community located at 2850m depth in the Monterey Canyon.  MBARI has wanted to conduct this mission for several years; see MBARI internal proposals for Paull 2012 and Vrijenhoek in 2012 and 2013 respectively.  With the look-ahead sensing, robust bottom-following control and precise navigation afforded by these new capabilities, we now feel confident we can conduct this mission safely. 
Instead of just augmenting a high-grade inertial navigation unit as we plan to do on the Iceberg AUV, TRN can be used with only a compass and acoustic Doppler Velocity Log (DVL) on lower cost vehicles, like MBARI’s MiniROV and Long Range AUV (LRAUV).  This is important for MBARI because it could allow us to conduct high resolution ocean visualization and targeted sampling using more affordable platforms that can be adopted by NGOs and academic researchers who could never afford tools like MBARI’s Mapping AUVs.   Towards that end, we also propose working with the Precision Control project to get TRN operational on the MiniROV during 2015. We then propose to use this new capability with fisheries collaborators at TNC/MLML/NMFS to investigate rockfish habitat preferences in the Rockfish Conservation Area offshore MBARI on an opportunistic basis when the MiniROV is conducting dives for another project TBD. 
In summary, we are proposing the following:
1. Continue development of a safe, low-altitude flight mode with TRN for high resolution seafloor mapping and imaging from a Dorado AUV. 

2. Ship time to demonstrate that capability in outer Soquel Canyon and at the 2850m deep clam field. 

3. Implement TRN on the MiniROV and opportunistically conduct one or two mission within the Rockfish Conservation Area in outer Soquel Canyon to investigate habitat preference with our TNC/MLML/NMFS collaborators.
2) PROPOSAL
a) New Projects
Statement of the problem, why it is important
Fisheries Section 

Currently, there are significant limitations in assessing biota and ecosystem health (i.e., changes in density, size, and diversity of species) in rocky habitats in the meso-depth range (30-300m). These limitations hinder our ability to support informed decision-making for both marine protected area (MPA) and fisheries management.  The lack of proven cost-effective technologies limits our understanding of trends in biota (e.g. rockfish populations), habitat condition, and physiochemical parameters, while at the same time the continental shelf and slope ecosystems are subject to direct human impacts and a changing climate.  Many important near-shore fish species range from intertidal to over 300m depths offshore over the course of their life history; yet no single survey tool or approach samples all of the depth zones and habitats, and therefore species, effectively.  While California has invested in a network of 124 MPAs and high resolution mapping of habitats in state waters, to date most near-shore rockfishes have not been formally assessed.  Limited funds are available to monitor MPAs using ROVs, and there is a need for more portable cost-effective technologies to provide the foundation for long-term monitoring along the entire coast. Similarly, the rocky mid-depths (70-300m) in federal waters are part of a large set of fishery closures that span from the Canadian border to the Mexican border (i.e. Rockfish Conservation Areas (RCA)).  These areas have been closed to fishing for more than 12 years, but are generally not surveyed.  Only coarse scale habitat mapping is available, and current technologies (ROVs and drop stereo camera systems) poorly sample these steep areas. 

This project aims to foster a collaboration of internal and external scientists and engineers to fine-tune the research questions underlying the problems described above, develop specifications for cost-effective engineering design solutions, and test new or modified tools for their use in surveying habitats and fishes around Monterey Bay.  The external partners (MLML, TNC, NMFS, local fishermen) bring years of expertise in the use of technologies (Delta submarine, ROVs, and recently proven “Video Lander” drop camera system) and assessment approaches to the conservation and management of continental shelf habitats and fishes. MBARI brings engineering expertise and existing technologies (eg. Benthic imaging AUV, mini-ROV, and SeeStar small camera systems) and the broader resources needed for R&D.  Specifically with this “Rockfish Project”, we aim to address three inter-related issues that limit our ability to survey the range of rocky habitats and fishes from near-shore depths to steep areas of the shelf-slope break:

(1) Opportunistically use the Iceberg AUV to create topographic maps of habitat at different scales of resolution in study plots along the shelf-slope break in the Rockfish Conservation Area. This would allow the collaborators to determine the best spatial scale of resolution of AUV-derived habitat mapping to support visual surveys of fish and fish habitat using visual tools (such as the Video Lander and mini-ROV); 

(2) Test different configurations of cameras on MBARI’s mini-ROV and the use of sonar to support rockfish surveys along steep walls. Historically, these areas have been surveyed using manned subs that are no longer in operation; new tools and survey protocols using small ROVs are needed that can adequately identify and measure fish in steep habitats.  

Designing and testing these “proof of concept” technologies for assessing fish and habitats will provide a foundation for the further development and transfer of new tools and survey protocols to the marine science community at large. Bringing together MBARI’s expertise in deep sea technologies with the external collaborators expertise on the continental shelf will provide the best hope for filling important technology and data gaps needed for ocean management and conservation on the West Coast.   

· All field testing will be conducted in Monterey Bay aboard the F/V Donna Kathleen, thus extending MBARI’s ship-based opportunities.  
Technology Section
MBARI’s current AUVs are long skinny torpedo shaped vehicles that are efficient cruisers, but are not very maneuverable.  These attributes work to our advantage when performing long mapping mission or biogeochemical sampling but as we get closer to the seafloor to perform higher resolution mapping or seafloor optical imaging new tools and techniques are needed to allow the AUV to accurately follow the contour of the seafloor and avoid crashing into it.  To work closer to the seafloor we need robust look-ahead sensing, accurate navigation and a well-tuned AUV control system.  These are problems we’ve been making good headway on under NASA funding, though more work is needed.  
High relief environments like shelf breaks and walls require low-speed, high maneuverability (ROV-like), but there are many high-value sites, like the current set of Ocean Imaging Project #(901101) survey sites at 1800m and 2850m, that are flat enough to safely explore with our current AUVs.  MBARI’s torpedo shaped AUVs are ideal for transiting long distances within, out to, or between different survey areas, and as we continue to grapple with the high cost and limited availability of our ships, we will want to be performing longer missions with multiple AUVs all operating in an unattended mode so the ship can perform people–in-the-loop operations and let the unmanned systems work on their own.  
How does it relate/contribute to MBARI’s mission and strategic plan?
This effort seeks to begin the transition of advanced seafloor visualization technology to more sustainable platforms that we hope will speed their dissemination to other institutions.
· Unique opportunity for MBARI to collaborate with NGO, academic, and agency partners who aim to use innovative technologies to advance conservation and management, as well as to build off of existing MBARI technologies (e.g. mini-ROV, AUV, SCPI) for new applications. 
· Proposal aligns well with the overarching goals of MBARI’s 2011Strategic Plan:

· Develop or adapt innovative technologies that allow researchers to identify and resolve important questions and advance our understanding of the ocean.

· Utilize those developments to explore and understand how natural ocean systems operate and how they respond to natural and anthropogenic change.
· Transfer the knowledge gained, solutions devised, and the technology developed to communities outside of MBARI— researchers, educators, policy makers, resource managers, industry, and the general public.

· Proposal aligns well with specific strategies in MBARI’s 2011 Strategic Plan (Strategies 1.2, 1.3, 3.1, 3.2, 3.3, 4.2), as well as the 2014 Technology Roadmap (Ocean visualization and Exploration & Discovery).

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.)
· Proposal aligns with Packard Foundation strategic goals (focused on MPA implementation and monitoring, California state-managed fisheries, and the California Current large marine ecosystem), as well as making key connections between Packard grantees with a focus on ocean conservation (e.g. TNC is funded by Packard for near-shore fisheries reform in California).

Does it relate to the Technology Roadmap? If so, please describe how. 

(See http://www.mbari.org/about/TechnologyRoadmap.pdf.)
The Return-to-site capability this project is demonstrating for the AUVs will allow efficient targeted sampling at a specific site over and over again.
Approach to the problem
The NASA funded Iceberg AUV Project is still ongoing and will slip into 2015 on a no-cost extension.  We expect to have the Iceberg AUV operational by the end of 2014, though we are waiting until after MBARI’s 2nd Mapping AUV is operational.  Basic research on TRN is ongoing at Stanford and under MBARI’s Precision Control project. This proposed effort will focus on the following tasks:
1. Continue development of a safe, low-altitude flight mode for high resolution seafloor mapping and imaging from a Dorado AUV. 

2. Refine TRN onboard the Iceberg AUV and collect 1m bathymetry in the Rockfish Conservation Area in the outer Soquel Canyon during testing.
3. Demonstrate low-altitude flight with TRN to map and take pictures at the 2850m deep clam field. 

4. Implement TRN on the MiniROV and opportunistically conduct one or two missions within the Rockfish Conservation Area to investigate habitat preference with our TNC/MLML/NMFS collaborators.

Field tests at Portuguese Ledge in May 2014 have demonstrated that TRN is sufficiently mature to enable its use for the science missions proposed in this new effort.  In those tests  identifiable features were selected on a bathymetry map of the site (e.g. outcroppings, etc.) over which the AUV should fly.  However, the bathymetry map used had a known georeferencing error of approximately 20m.  Hence, if the AUV flew to the latitude and longitudes that defined the waypoints, the features would be missed.  

The success of our TRN algorithm in identifyging the 20m offset in the map and automatically correcting the trajectories to fly over the specified points is demonstrated in Figures 1 and 2.  Figure1 indicates the track-line the AUV was requested to fly.  This track is a West-to-East crossing of the terrain and was designed to cross at a recognizable feature (edge of a boulder).

[image: image1]
Figure 1:  Planned trajectory over a specific rock within Portuguese Ledge area.  The AUV flew the planned trajectory using TRN and crossed over the rock despite INS drift and map geo-referencing errors.
Figure 2 presents the results.  In the figure, the dashed black line indicates where the requested trackline actually appears after the map is corrected for georeferencing errors.  This is the path that would have been flown without TRN.  The ~20m offset is clearly visible. Also shown is the actual path flown with respect to the terrain (red line).  Note that AUV tracks the desired line within a few meters.  Convergence of the TRN estimator can be observed at the beginning of the West-to-East crossing.  The AUV begins tracking the dashed black line.  When the TRN filter converges, the estimate of the offset becomes available and the AUV drops immediately to track the solid black line.  

[image: image2]
Figure 2:  Commanded path without correction (dashed), desired  path (solid black), trajectory flown by the AUV (solid red)

Publications (from other projects over the last 5 years)
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b) New and Continuing Projects: Plans for 2015
Engineering/technology development

1. Add Benthic Imaging midbody. Hobson 110 hours ME, MT 100 hours, 40 hours MS
a. Design and fab new bulkheads to support multibeam 
b. New 10” section for MB receiver

c. Design and build several new U/W cables in midsection

d. Trim and test

2. AUV Control. McEwen SE 550 hours  

a. Add code to be able to substitute the DVL for the down-looking Imagenex for obstacle avoidance.  This will make OA available for vehicles that only have a forward-looking Imagenex.

b. Devise a filter so ocean surface is not considered an obstacle. 
c. Develop an auto-range controller for the OAS to allow short and long range bottom detections

d. Assist in getting TRN to work with Imagenex data.
e. Fix the waypoint-reset loop-closure bug affecting TRN.

f. Develop a generalized WaypointDepth behavior that extends the current version to include option obstacle avoidance.
3. Software tasks. Henthorn 200 hours SE
a. Get OAS bottom detections into TRN

b. Develop camera driver and logging system

c. Migrate from SVN to git
d. Develop path to get TRN updates into Kearfott

e. Exception handling

f. X,Y in an arbitrary frame, verses LAT/LON

g. Simulate stability of uphill altitude tracking.

h. Develop code to use the Reson as the range finder.

i. Add abortOnSonarTimeout

4. Data processing – Caress SE 100 hours

a. Process Reson data

b. Image processing for mosaic

5. Testing. Hobson 90 hours, McEwen 50 hours, Thomas 75 hours AUV Tech, Caress 150 hours 
Field programs (detail ship requirements/deployments/diver requirements)
We request six R/V Paragon days in the spring for several experimental AUV tow-out deployments for basic testing near Moss Landing.

We request two R/V Carson + AUV (Iceberg AUV) 10 hour days in early Fall to support TRN and Obstacle avoidance testing and bathymetry data collection.

We request one 24 hour R/V Carson cruise to the 2850m clam site at the end of the year.  It may be possible to deploy the AUV from the R/V Western Flyer during the Ocean Imaging/Precision Control cruise to the same site.

We request two additional Donna Kathleen/Shanna Rae days to be extended for a MiniROV deployment in the RCA in outer Soquel Canyon – when the vehicle is mobilized for another expedition.  These additional ship days will be paid for by our collaborators at TNC/MLML
Specific deliverables
We will generate a 1m resolution bathymetry map in the outer Soquel Canyon area and a ~10cm bathymetry map with image overlay of about 15km of trackline around the 2850 clam site.
We will overlay miniROV tracklines on the Soquel map and provide a copy of all of the ROV camera footage to our fisheries collaborators. Data processing and analysis of fisheries data would be conducted externally, pending funding sources.

Milestones (see personnel classification list)
	2015 Project Start Date: 
MM/DD/2015
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	March
	June
	Early fall
	Fall
	Dec
	

	Milestone Description
	AUV fully operational


	OA sonar and algorithms working 


	Soquel canyon mapping runs


	MiniROV dives


	2850 clam site demonstration run 


	

	EE
	
	
	
	
	
	

	SE
	100 McEwen
50 Henthorn
	250 McEwen
100 Henthorn
	50 McEwen
20 Henthorn
50 Caress
	
	200 McEwen
30 Henthorn
100 Caress
	600 McEwen
200 Henthorn
150 Caress

	ME
	100 Hobson
	
	50 Hobson
	20 Hobson
	30 Hobson
	200 Hobson

	EE Tech
	
	
	
	
	
	

	SE Tech
	
	
	
	
	
	

	ME Tech
	100
	
	
	
	
	100

	Machine Shop
	40
	
	
	
	
	40

	Divers
	
	
	
	
	
	


Budget justification
We do not anticipate any expenses beyond existing DMO commitments for spares, maintenance on Reson to conduct the AUV testing.  
Donna Kathleen Ship time while operating the MiniROV for the fisheries investigation will be paid for by our collaborators.  We request the day-rate for the MiniROV to be covered by MBARI.

Project team
· Brett Hobson
· Project management

· Mechanical Engineering

· 200 hours
· Rob McEwen

· AUV controls work and algorithim development
· Mission simulation

· 600 hours

· Rich Henthorn

· AUV software implementation
· 200 hours
· Dave Caress

· Multibeam and imaging processing

· Mission planning

· Shipboard support

· 200 hours

· Hans Thomas

· AUV software expert

· Shipboard support

· 200 hours

· Eric Martin

· AUV embedded computer support

· Shipboard shpport

· 100 hours

Project lab space
Lab space for the AUV is provided by DMO. No other space is required.
Data availability outside project team, uniqueness

Any multibeam data will be processed by Dave Caress and uploaded into the MBARI database.
Export Regulation
Does the project team anticipate any foreign collaborations or international travel? If so, please identify collaborators by name, institution, and country.

No
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 proposed surveys are all within the Monterey Bay area, and thus use of the ITAR-controlled Kearfott INS is covered under the existing ITAR license

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.) 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. 

· SESA 9: 2850-m Canyon test surveys, including the clamfield
Risk matrix (development and infrastructure projects only)
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	x
	x
	
	x

	Low
	
	
	x
	











� This date and number should remain the same for the duration of the project. If your project start date for 2015 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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