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:

Brett Hobson

Principal Investigator:
Brett Hobson
Lead Scientist:


Charlie Paull, Jim Barry
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:
We request an extension of our existing two-year long project to support and deploy Terrain Relative Navigation (TRN) technologies developed at Stanford and within the Precision Controls Project (#600034) onto MBARI AUVs for science operations.  

MBARI AUVs are programmed to fly missions between a series of latitude/longitude/depth points that are carefully selected to provide sensor coverage and not hit anything.  Map reference errors and inertial navigation system (INS) drift introduce errors to the planned trajectory, though these errors, which are 10s of meters, are usually much less than the planned clearance to obstacles (50m +).  However, this isn’t true for low-altitude (~3m) flight for seafloor imaging. Reactive obstacle avoidance with look-ahead sonars can avoid a crash, but usually results in a conservative altitude that is too high for color imaging and high-resolution (~20cm resolution) mapping  Over the last couple of years we have begun experimenting with Terrain Relative Navigation (TRN) position updates to solve this problem.  We are now planning and simulating Dorado AUV missions over actual bathymetry maps to ensure the relatively un-maneuverable (5.3m long) vehicle can safely fly the mission without crashing into anything.  This is often an iterative process where we experiment with different pathways through the terrain to find the best trajectory.  It is important that the AUV actually fly the planned path with respect to the surrounding terrain and TRN is the enabling technology that allows us to have confidence the AUV and determine whether it is accurately following the planned track so it can safely get down close to the seafloor in anything but flat featureless terrain.  

For 2017 we propose to plan and execute a 10 meter high survey at Portuguese Ledge, which is a rocky outcropping about 10 miles Southwest of Moss Landing.  During the survey the TRN system will use accurate measurements of the terrain below the AUV to determine exactly where the AUV is with respect to the terrain and the planned path and the AUV will make continuous adjustments to its course to ensure it is following the correct course and if it cannot, the mission will be aborted.  Because there are 10 meter high out-croppings, the AUV will often be operating below the highest peaks, which we would not normally be prudent.  As a result, the only way to create high resolution maps with a resolution of less than 0.5 meters of a site like Portuguese Ledge would be to us a hovering vehicle that can stop and maneuver slowly in any direction.  Hovering underwater vehicles are maneuverable, but quite slow and also not suited for the kinds of long transits required to work in the ocean without a attending ship.  By using TRN and careful mission planning we hope to show a large cruising AUV like Dorado can safely work closer to the seafloor than we previously would have dared, and close enough to generate a 20 cm resolution map in fairly rough terrain.  In a few select rocky, but flat areas we will fly the AUV at a 4m altitude to collect color images that will be blended into small photomosaics.
Many of the more interesting seafloor features are vertical walls, which are much more challenging to map or image from a cruising AUV like Dorado.  Maneuvering around vertical walls was the focus of our NASA supported Iceberg AUV project so we have a good start towards this challenge.  In Figure 1 below the track of the Iceberg AUV is shown as it flew directly at a vertical rock wall in the canyon at 1000 meter depth.  The wall was detected with a look-ahead sonar and the track shows the AUV maneuvering to follow the wall at a 50 meter stand-off distance, then looping back for another pass before spiraling back to the surface.
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Figure 1: AUV track (red) and the superimposed track along the seafloor (green).  The track shows automated wall following in Monterey Canyon at 1000 meter depth.
During 2017 we propose to continue to develop the capability to safely fly close to rock walls while we decrease the stand-off distance from 50 meters, to 30 and then 10 meters along select portions of the wall.  An alluring science target for this new capability is to image coral distribution on seamounts like Sur Ridge. A cruising AUV like Dorado will never fly close enough for imaging on most areas of a feature like Sur Ridge, but it can relatively quickly be programmed to bring back thousands of images from the easily accessible areas, like those highlighted in green on Figure 2. 
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Figure 2: Areas of Sur Ridge that may be imaged with a cruising AUV are highlighted green, while areas that are inaccessible are shown in red.
Significant changes from previous project proposal 

There are no significant changes from the previous proposal.
Publications based on the results of this project only
1. Rock, S.M., Hobson, B. and Houts, S.E., “Return-to-site of an AUV using Terrain Relative Navigation:  Field Trials,” AUV 2014, Oxford, MS, October 2014.
2. Additional related publications are listed under the Precision Controls project # 6000034
b) New and Continuing Projects: Plans for 2017
Engineering/technology development
1. 2850m depth low-altitude photo transects - We planned to perform a photo transect in 2015 along 30 km of trackline in the vicinity of the seep community at 2850m in the Monterey Canyon, but unfortunately bad weather cancelled the cruise.  Early in 2017 we propose to join a 5 day Carson cruise requested by Dr. Paull.

2. 1000m Wall site – We request two independent R/V Rachael Carson ship days early in the year to continue the development of a capability to safely fly along a vertical rocky wall.  These should be scheduled prior to shipping the Iceberg AUV to Newfoundland for our iceberg expedition.  Running these wall following missions in Monterey before the iceberg cruise will improve the chances of success in Newfoundland.

3. Portuguese Ledge high resolution survey – We request two independent R/V Rachael Carson 10 hour ship days to collect low-altitude multi-beam sonar data of the entire rocky outcropping and color images from select sites.

Field programs (detail ship requirements/deployments/diver requirements)
We request (4) normal 10 hour R/V Rachael Carson ship days during 2017.  We request the Iceberg AUV during all four of these days.  We plan to operate the Iceberg AUV alongside at least one mapping AUV during a 5-day cruise requested by Dr. Paull.  
Isotope Usage

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

No plans to use any isotopes
Specific deliverables
We plan to create a 20 cm resolution bathymetery map of the entire Portuguese Ledge Marine Protected Area and augment that map with color image mosaics of select features.
Milestones (see personnel classification list)
	2017 Project Start Date: 
01/01/2017
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	
	
	
	
	
	

	Milestone Description
	TRN
	Dev/proc
	Operations
	Mngt
	
	

	EE
	0
	0
	0
	0
	0
	0

	SE
	180
	200
	220
	75
	0
	675

	ME
	0
	75
	50
	190
	0
	315

	EE Tech
	0
	20
	0
	0
	0
	20

	ITD Vid supp
	0
	0
	20
	0
	0
	20

	ME Tech
	0
	20
	0
	0
	0
	20

	Machine Shop
	0
	25
	0
	0
	0
	25

	AUV Supp
	0
	0
	0
	0
	0
	90


Budget justification
We request $500 in contingency expense funds.
Project team
Brett Hobson (315 hrs) – PI

Rob McEwen (345 hrs) – SE

Rich Henthorn (155hrs) – SE

Dave Caress (175 hrs) – Mapping Specialist

Hans Thomas (90 hrs) – AUV Supervisor

Project lab and office space requirements 
In addition to any changes to current space usage, please also include anticipated office and lab needs for students, postdocs, collaborators, etc.
Existing AUV space is adequate
Data storage requirements (see Todd Ruston for assistance)
We expect to collect 1 TB of seafloor bathymetry and images over the next year.
Data availability outside project team, uniqueness

All data is available to share
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.

None
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.

No
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? 

 Yes, the temporary discharge of our AUV is covered under the existing permit.
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 plan to operate the AUV in SESA # 9.
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.

Yes, we will need a permit to operate at Portuguese Ledge, which is a California State Marine Protected Area.
Active Acoustics

We are compiling information on active acoustic use at MBARI. If the project involves using active acoustic instrumentation, please describe plans.

We will be running the Reson 7125 Multibeam sonar, Benthos acoustic modem and Sonardyne USBL transponder, but will not be running the Edgetech side scan or sub bottom profiler from the Iceberg AUV.
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.
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