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Project Title:

Ocean Imaging
1) ABSTRACT (new projects only)
2) PROPOSAL
a) New Projects
b) Continuing Projects

Current status of project and results to date
The Ocean Imaging project began in 2011 to develop a low altitude, high-resolution seafloor mapping capability combining multibeam sonar with stereo photographic imagery. The original goals were to obtain spatially quantitative, repeatable renderings of the seafloor with fidelity at scales of 5 cm or better from altitudes of 2-3 m, and to ultimately field this survey system from an autonomous platform.
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Figure 1. The Ocean Imaging low altitude survey system as of May 2014.

From 2011 to 2013 we progressively developed an ROV-based low-altitude survey system combining a 400 kHz Reson 7125 multibeam, dual Prosilica GX1920 2.4 Mpixel color cameras, strobe lights, a Kearfott SeaDevil inertial navigations system (borrowed from the Mapping AUV), and a 3DatDepth LP-1 30°x30° LIDAR  laser scanner (leased from 3DatDepth) (Figure 1). This system was repeatedly tested at three sites around 2850 m depth in Monterey Canyon using ROV Doc Ricketts. All three low-altitude survey sites lie within the 1-m lateral resolution bathymetry of a 2009 Mapping AUV survey. Site 0 is flat and includes chemosynthetic clam communities. Site 1 has the greatest topography, being centered on a 15 m diameter, 7 m high flat boulder surrounded by an 80 m diameter, 6 m deep scour pit.  Site 2 is located within a field of ~3-m high apparent sediment waves with ~80-m wavelengths. The ROV-based surveys are conducted using a nominal 3-m altitude with 1.5 m line spacing. ROV Ricketts can run lines at 0.3 m/s, covering as much as 100-m by 100-m in a single dive. We obtain full seafloor coverage with all three sensors, achieving 5-cm lateral resolution multibeam bathymetry, 1-cm lateral resolution LIDAR bathymetry, and 2.5-mm resolution photomosaics. During Ocean Imaging surveys the ROV is flown automatically by the Steve Rock/Mike Risi control system, executing a mission script similar to those used to define Mapping AUV missions (though the ROV pilots will override the vertical commands when necessary).
So far during 2014, we have revisited the 2850-m site 0 clamfield (Figure 2), surveyed a new site at 1850-m depth in Monterey Canyon (Figure 3), and successfully tested the system integrated with ROV Ventana at 1550-m depth in Monterey Canyon. During the August R/V Carson northern expedition, we will be using the multibeam and stereo cameras (without LIDAR) on ROV Ventana to survey the Ashes Hydrothermal Vent Field within the summit caldera of Axial Seamount, Juan de Fuca Ridge. We are scheduled to repeat surveys of the 2850-m clamfield and the 1850-m canyon axis on ROV Ricketts this coming December.
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Figure 2. A 6-m by 9-m region of the 2850-m clam field surveyed by multibeam sonar (5 cm lateral resolution), lidar (1-cm resolution), and stereo cameras (2-mm resolution). Note that the lidar bathymetry shows individual clams and also shows animal tracks not seen in the photomosaic. This figure was used in the Technology Roadmap.
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Figure 3. Sample lidar bathymetry and photomosaic from low altitude survey of the BIN site at 1850-m depth in Monterey Canyon. The seafloor character changes dramatically over a few meters within the active canyon.
Does it relate to the Technology Roadmap? If so, please describe how. 

(See http://www.mbari.org/about/TechnologyRoadmap.pdf.)
Yes. The Technical Roadmap explicitly considers mapping the seafloor at cm-scale resolution to be a key task within the theme of Ocean Visualization that will be a necessary component of addressing change in the oceans. 
Significant changes from previous project proposal 

The addition of the 3DatDepth LIDAR began with a Western Flyer cruise in December 2013, followed by our May 2014 Western Flyer leg. The original concept was to obtain approximately cm-scale topography from photogrammetry from the stereo photographs wherever feature rich photographs made such processing possible. The newly available LIDAR technology enables uniform topographic mapping at a 1-cm lateral resolution. 
Publications based on the results of this project only
Poster presentation at the 2013 Fall AGU meeting:
Caress, D.W., Hobson, B., Thomas, H. J., Henthorn, R., Martin, E., Bird, L., Rock, S. M., Risi, M., Padial, J. A., “ROV seafloor surveys combining 5-cm lateral resolution multibeam bathymetry with color stereo photographic imagery”, Abstract OS33A-1756 presented at 2013 Fall Meeting, AGU, San Francisco CA, 2013.

c) New and Continuing Projects: Plans for 2015
The Ocean Imaging project activities proposed for 2015 are divisible into four categories:

1. Low altitude surveys conducted using the existing ROV-mounted survey system.
2. Continued development of the hardware, data processing software and techniques.

3. Scoping of requirements of an AUV optimized for low altitude surveys.
4. Development of a wide swath lidar system.

1. Low Altitude Surveys with the Existing Ocean Imaging Survey System
Now that the ROV-mounted low altitude survey system has been proven to reliably collect good data, we intend to focus more on using this capability in conjunction with other projects than on testing. The proposed surveys for 2015 are listed below. In all cases, we are requesting leasing the lidar from 3DatDepth so that 1-cm lateral resolution bathymetry is collected. During the upcoming December 2014 Western Flyer cruise, we will have ROV pilots and the Ocean Imaging team undergo laser safety training. Subsequently, 3DatDepth will allow MBARI to operate the leased lidar without one of their engineers present. This will reduce the cost of the lidar rentals by about 1/3.
· Continue and extend repeat mapping of the 2850-m clamfield (Figure 2) in Monterey Canyon
· Two surveys ~May using ROV Ricketts from R/V Western Flyer
· Two surveys ~November using ROV Ricketts from R/V Western Flyer
· Justification:

Of the three test sites surveyed during four Western Flyer cruises in 2012-2013, only the chemosynthetic clam community has shown changes. We have now done five surveys of a roughly 80-m by 80-m area, the last two including lidar. The combination of photomosaics and lidar bathymetry allows imaging both of individual animals and the tracks left as they move around. Not surprisingly, some of the clams move around and animal concentrations at some clusters have changed over six month intervals. The existing survey does not cover the entire community – there are clearly more clam clusters to the southwest. We would like to continue 1-cm topography + 2.5-m photomosaic surveys at six month intervals during 2015, and we would like to expand the coverage to the southwest with a second survey each time.
· Extend surveys at the 1850-m BIN site in Monterey Canyon
· Two surveys ~November using ROV Ricketts from R/V Western Flyer
· Justification:

Low altitude surveys at the 1850-m bend in the canyon are part of the Coordinated Canyon Experiment described in the 901023 Continental Margins Processes project proposal. We conducted a single survey during our May 2014 cruise (Figure 3), and successfully resolved changes in bottom morphology.
· Surveys of coral and sponge communities on Sur Ridge 
· Two surveys using ROV Ventana from R/V Rachel Carson
· Following or coincident with Mapping AUV surveys proposed in the 901007 Benthic Biology and Ecology project proposal

· With Jim Barry and NOAA/MBNMS

· Justification for studying the deepwater coral and sponge communities on Sur Ridge is given in the Benthic Biology and Ecology proposal. This project has interest and involvement by the MBNMS.
· The 901007 Benthic Biology and Ecology project is requesting six Mapping AUV surveys to fully map the Sur Ridge at 1-m lateral resolution. The two low altitude surveys requested in this proposal will provide 1-cm lateral resolution bathymetry + 2.5 mm photomosaics of two coral and/or sponge communities at sites selected on the basis of the Mapping AUV surveys and previous ROV dives on Sur Ridge.

· Airship USS Macon wreck site 
· One survey using ROV Ventana from R/V Rachel Carson

· With NOAA Archeologist Bruce Terrell and Chris Grech

· The Macon wreck continues to be of high interest to the MBNMS and to NOAA’s marine heritage program. A complete discussion from Dr. Terrell is provided in Appendix 1.

· We can provide NOAA archeologists with higher resolution mapping than previously possible, and for us this site provides a good, high profile testbed for the use of this technology in marine archeology. 

· Rockfish habitat in lower Soquel Canyon 
· Two surveys using ROV Ventana from R/V Rachel Carson

· With The Nature Conservancy (TNC), NMFS-SWFSC, MLML, local fishermen, and Brett Hobson. 

· Following or coincident with Benthic Imaging surveys proposed and justified in the 901500 Terrain Relative Navigation project proposal.
· Focused on rockfish habitat below the shelf break in Soquel Canyon, augmenting existing Mapping AUV surveys and proposed Benthic Imaging surveys in the Soquel Canyon MPA.
· This will allow us to demonstrate the technology to potential NGO, agency, and academic partners in the fishery management community.
2. Continued System and Processing Software Development
We will continue to improve the ROV-based survey system and the associated data processing. Our primary efforts will be directed at the following:
· New power can and wet cabling to solve brown out problem
The multibeam occasionally shuts down due to the use of an inadequate power supply. The existing housing does not have room for larger DC-DC converters that would supply the required current. We will replace the power can with a new housing and more capable power electronics. We will also replace the wet cabling

· Experiment with monochrome camera
Stereo cameras are used to reconstruct the structure of the seafloor up to pixel resolution. For 3D reconstruction of the seafloor the color texture is recovered for only one of two cameras while only the intensity is used from both cameras to recover the 3D structure.  The existing stereo cameras are both color. We plan on replacing one of the 12-bit color cameras with a 14-bit monochrome camera in order increase the dynamic range of the system.
· Continued development of data processing software and techniques
We will be focusing on four remaining issues:
· Complete sensor offset calibration

· Topography from photogrammetry

· Incorporate image feature matching to navigation adjustment (post processing SLAM)
· Export new photomosaicing tool via MB-System
· Development low cost navigation system for low altitude visual surveys

The current system configuration and software pipeline exclusively relies on the position estimation from the SeaDevil Kearfott inertial navigation sensor (INS).  To make the system more robust, we are planning to include a low-cost, low-power navigation method that can serve as backup solution to the Kearfott INS. The goal is to include a low-cost MEMS based attitude sensor that combined with the Doppler velocity sensor can provide position estimation. Other projects and vehicles at MBARI might benefit from its implementation (e.g. MiniROV). This effort will be led by Giancarlo Troni, a new MBARI postdoc in this project. To avoid magnetic disturbances, the attitude sensor will located in its own housing. This low-cost navigation system will include a low-cost/low-power embedded processor and power isolation. The non-magnetic housing will be 4,000 m depth rated.
3. Scoping Requirements for a Low-Altitude Survey AUV
We propose to scope the requirements of an autonomous platform capable of fielding this survey system in areas of steep and rugged terrain. Caress, Thomas, Hobson, and Rock conducted a set of meetings late in 2010 regarding the requirements for a low-altitude, optical plus acoustic autonomous survey platform (see Appendix 2). We will revisit these requirements in light of our experience with the ROV based surveys, and consider whether we should adapt an existing MBARI platform, develop a new platform at MBARI, or purchase an existing platform from an external source. Our intent is to propose the development or purchase of a low-altitude survey AUV beginning during 2016.
4. Wide Swath LIDAR Development
The 3DatDepth LP-1 lidar is a time-of-flight laser scanner that measures topography from ranges of 2-m to as much as 15-m in clear water. We have leased this system twice and used it successfully as part of the Ocean Imaging survey system to map seafloor topography with a 1-cm lateral resolution.  The existing system has a 2D, 30°X30° field of view, is optimized for static 2D scans, and is depth rated to 3000 m. Although the results from our initial tests have been spectacular, we would like to have a lidar that is better optimized for swath mapping by having a side-to-side field of view that is comparable to our cameras (90° on the diagonal, ~85° side-to-side). We would also like to have a 4000-m depth rating to enable low-altitude surveys on the deepest Ricketts dives (e.g. Station M).
3DatDepth is willing to undertake a staged effort to design and build a swath-mapping lidar. The 3DatDepth quote is attached as appendix 3. The development is conceived in three phases:
1) Preliminary design, ending with preliminary design review at MBARI 
· Completed by end of May, 2015

· $56K

2) Full design phase, ending with critical design review at MBARI 
· Could happen in late 2015 or be delayed until 2016

· Estimated as $70K, actual cost determined by results of preliminary design
3) Build and test phase, ending with delivery and sea-trials at MBARI
· Not begun until 2016

· Likely total cost $500K to $600K, but actual cost determined by results of the full design phase.
Either MBARI or 3DatDepth can cancel the effort following the first or second design phases. If this development program is approved, then part of the payments can be considered NRE. 3DatDepth is willing to pay back the NRE if they sell other units of this design.
Milestones (see personnel classification list)
   [Click here to enter text]   
	2015 Project Start Date: 
1/1/2015
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	All year
	May
	December
	June
	June 
	

	Milestone Description
	Low altitude surveys
	Hardware Upgrades
	Data Processing Software
	Scoping AUV 
	Lidar Development

Phase I
	

	EE
	
	
	
	
	
	

	SE: Caress
SE: Henthorn
	13 days
13 days
	0 days
5 days
	37 days
	20 days
20 days
	
	70 days
38 days

	ME: Hobson
ME: Bird
	13 days
5 days
	5 days
0 days
	0 days
0 days
	20 days
0 days
	
	38 days
5 days

	AUV: Thomas
AUV: Martin
	7 days
6 days
	5 days
10 days
	0 days

0 days
	20 days
20 days
	
	32 days
36 days

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	5 days
	0 days
	
	
	5 days

	Machine Shop
	
	10 days
	0 days
	
	
	10 days

	PostDoc: Troni
	13 days
	100 days
	96 days
	20 days
	
	229 days


Budget justification
As noted above, we request six Doc Ricketts ROV dives on two Western Flyer cruises, late Spring and late Fall, to be combined with days requested by the Precision Controls project. We also request five ROV Ventana dive days that are likely to be combined with Mapping AUV operations requested by other projects. We budget 13 days each for those participating in the data collection (in the case of the Dorado AUV group, we request that either Hans Thomas or Eric Martin sail with us, but not both). We request 5 days of Larry Bird to assist with mobilization and demobilization of the survey system.
We request additional time for improvements to the existing survey system, particularly including a new power can and a monochrome camera assembly. We request five days of Hans Thomas, 10 days of Eric Martin, 5 days of Brett Hobson, and 5 days of Rich Henthorn. We request 10 days of machine shop and 5 days of MT time. 
We request 20 days effort each by David Caress, Giancarlo Troni, Hans Thomas, Brett Hobson, Rich Henthorn, and Eric Martin for scoping the purchase or development of a low altitude survey AUV. Steve Rock and Charlie Paull will also participate but without charging to this project.

Total time requests and responsibilities are listed in the Project team section below.

We request the following expenses:

· Leasing of 3DatDepth LP-1 Lidar
· Lease costs depend on the logistical specifics!

· Standby rate $1,500/day
· Operational rate $3,000/day

· Onsite engineer for mobilization $1,500/day

· Shipping per mobilization $1,000

· # days shown are (operational/standby) based on a guess of how Mapping AUV and low-altitude ROV surveys will be combined

· 1st Western Flyer cruise (3/3 days)


$12,000

· 2nd Western Flyer cruise (5/5 days)


$18,000

· Sur Ridge surveys (5/2 days)



$13,500
· Macon Survey (1/1 day)



  $6,000
· Rockfish habitat surveys (2/2 days)


  $9,000
$58,500
· Upgraded power can

· 4000 m pressure housing w/ end caps


$7,500

· Reuse existing bulkhead connectors


      $0

· Miscellaneous bracketry



   $200

· Improved wet cabling

· Reson housing to power can



$1,000

· Kearfott to ROV, LIDAR, and Reson (Y-cable)
$1,200

· Pressure sensor cable for Parosci


$1,000

· New power supply electronics



$2,000
$12,900

· Monochrome camera

· (2) Prosilica GX1920 monochrome cameras ($4K ea) $8,000

· Camera housing




$3,800

· Connector





$2,000

· Extension





$1,000

· Corrective optics




$2,500
$9,300

· Low cost navigation for low-altitude visual surveys
· Microstrain 3DM-GX4-25 - 



$2,000
· Low-cost/low-power embedded processor - 

  $500

· Serial to Ethernet Moxa converter  - 


  $100

· DC/DC isolated power converter  -  


  $100

· 4000-m electronic housing 



$4,800
· Wet cables and connectors



$4,200
$11,700
· Multi-TB hard drives for high speed shipboard processing
$2,000

· Attend AGU Fall 2015 Meeting for Giancarlo Troni

$2,200
· Development of wide swath lidar system by 3DatDepth
· Phase 1: Preliminary design (Jan. to May, 2015)
$58,500

· Phase 2: Full design (June to December, 2015)
$70,000 
Project team
Core Team:

· David Caress (Lead Engineer, Project Manager)

· Giancarlo Troni (Postdoc)

· Brett Hobson

· Hans Thomas

· Rich Henthorn

· Eric Martin

· Larry Bird

· Steve Rock

· Charlie Paull (Lead Scientist)

Responsibilities:

· David Caress 

· Project management

· Sonar requirements and operation

· Software development for data processing and display

· Scope low-altitude survey AUV 

· 70 days (560 hours)

· Giancarlo Troni 

· Project management

· Software development for photogrammetry of stereo image pairs

· Software development for navigation processing

· Development of low-cost MEMS-based navigation sensors

· Scope low-altitude survey AUV 

· 228.75 days (1830 hours)

· Brett Hobson

· Camera system mobilization and maintenance

· Assist with at-sea operations

· Scope low-altitude survey AUV 

· 38 days (304 hours)

· Hans Thomas

· Electrical and software integration

· Assist with at-sea operations

· Scope low-altitude survey AUV 

· 32 days (256 hours)

· Rich Henthorn

· Camera control software

· Assist with at-sea operations

· Scope low-altitude survey AUV 

· 38 days (304 hours)

· Eric Martin

· Electrical and software integration

· Assist with at-sea operations

· Scope low-altitude survey AUV 

· 36 days (288 hours)

· Larry Bird

· Mobilization of the survey system onto and off of the toolsleds used on the two different ROVs.

· 5 days (40 hours)

· Steve Rock (+ Mike Risi + students)

· Aided navigation algorithms

· Implementation budgeted as part of Precision Controls project

· Scope low-altitude survey AUV 

· Charlie Paull

· Survey specification and interpretation

· Scope low-altitude survey AUV 

Project lab space
Will need limited lab space for Giancarlo to work with his equipment.
Data availability outside project team, uniqueness

The low-altitude mapping data will used by the partner projects and be generally available within MBARI. In the case of the Sur Ridge, USS Macon, and rockfish habitat surveys, this will result in rapid dissemination outside MBARI. 

The sonar and camera data processing software developed by Caress will be rapidly available to the external community through MB-System distribution updates.

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

· Giancarlo Troni, MBARI Postdoc, is a citizen of Chile.
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
· SESA 11: Sur Ridge
Risk matrices: 
1. Low Altitude Surveys with the Existing Ocean Imaging Survey System
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	
	X
	
	X

	Low
	X
	
	X
	


2. Continued System and Processing Software Development
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	X
	
	
	X

	Low
	
	X
	X
	


3. Scoping Requirements for a Low-Altitude Survey AUV
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	X
	X
	X
	X

	Low
	
	
	
	


4. Wide Swath LIDAR Development
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	X
	
	
	

	Medium
	
	X
	X
	X

	Low
	
	
	
	


Appendix 1. Significance of the Proposed Low Altitude Mapping of the USS Macon Wreck
From Bruce Terrell, senior archaeologist, NOAA Office of National Marine Sanctuaries Maritime Heritage Program (with mild editing)
The USS Macon is a nationally significant archaeological resource resting on the seabed in the Monterey Bay National Marine Sanctuary. This U.S. Navy rigid airship, carrying its four Curtiss F9C-2 Sparrowhawk scout biplanes, went down off Point Sur California on February 15 1935. Rigid airships had been most famously used by Germany, Britain, and France during WWI and the interwar years, and Macon was the last expression of rigid airship technology employed by the U.S. Navy after WWI. Airships employed novel technology that allowed them to carry scout aircraft in an internal hanger and could launch and retrieve the aircraft while aloft. The U.S. Navy experimented with airships providing forward reconnaissance for naval fleets. 

Rigid airships were built with light aluminum frames that held multiple helium gas bags and were covered with a doped-cotton skin. Three triangular keels allowed for an opening in the bottom of the ship for a hangar for the scout biplanes. The airship’s control car was built into the bottom of the airship forward of the hangar. Macon contained a number of innovative technologies including a water reclamation system that converted engine exhaust into water that was used as ballast, replacing ballast dumped during the takeoff operations.
Macon was listed on the National Register of Historic Places in February 2005 under Criterion A, association with events significant to American history and Criterion D, potential to provide further archaeological information. The National Register is a Congressionally mandated list of historical and archaeological sites that are deemed significant to United States history. (http://www.nps.gov/nr/feature/weekly_features/2010/USSMacon.pdf)

Macon’s archaeological site constitutes the only documented remains of a rigid airship. These remains are relatively complete, including those of the four scout aircraft it held inside its hangar when it was lost. Archaeological survey began with the discovery of the site in 1990 by the Navy and MBARI. The last comprehensive survey was conducted in a joint NOAA/MBARI hi-definition mapping survey in 2006. Data analysis produced a photomosaic map of the larger of the two distribution fields and archaeologists from NOAA and Texas A&M University are presently engaged in interpreting the ROV footage to identify many components of the airship’s structure. The initial and 2006 mapping efforts have aided in the site’s interpretation but many questions remain.

At the time of the 2006 survey, the site appeared to have accumulated sediment since the previous 1990-1991 surveys by the Navy and MBARI. Analysis of the 2006 site mapping indicates that much of the structure was covered by approximately 1 centimeter of fine sediment. The proposed LIDAR and photographic mapping may give archaeologists the improved ability to interpret the remains of the ship. The ability to see and accurately measure the contours of the wreck on the seafloor will prove extremely valuable for determining key airship sections which might be underneath sediment and otherwise indistinguishable. At present, seven of the engines have been identified but better definition may help to identify the final, eighth engine. The proposed documentation may also help to better identify artifacts associated with crew life aboard the ship, including quarters, galley and mess spaces, and offices forward of the officers’ quarters. As it wrecked, Macon apparently broke forward of the hangar where the control car was located. Thus far, no remains of the control car have been identified. Its remains may be present under the wreckage in the aft region of the forward field that was not documented in 2006. Perhaps most intriguing- archaeologists wish to not only understand the wreck site but also the wrecking process, including how the hull broke apart during the descent to the seabed. The two sections of airship settled in proximity to each other, which has so far been explainable given the light material and its ability to create drag. A present theory is that longitudinal fuel lines and electrical lines that ran fore-and-aft may have held the sections together; these systems have not been visible in previous surveys but still may be revealed by cm-scale mapping. NOAA archaeologists would welcome this mapping exercise as a way to answer these remaining questions and more fully document the site.

Appendix 2: Planning a Next Generation Nimble Survey AUV: Preliminary Functional Requirements for a Low-Altitude, Acoustic/Optical Survey AUV

Background


During late 2010 Steve Etchemendy asked David Caress, Hans Thomas, Brett Hobson, and Steve Rock to develop a concept for an autonomous survey platform appropriate for the sorts of near-bottom combined acoustic and optical seafloor surveying envisioned in the Ocean Imaging (901101) project. This concept could be used to help guide institutional planning related to autonomous platforms and vessels, and could also lead directly to proposals for platform development or purchase. This appendix summarizes the results of discussions held in late 2010 and early 2011. As noted in the proposal above, we expect to revisit these discussions as part of an AUV development/purchase scoping effort during the 2013 (year 3) increment of the Ocean Imaging project.

The Ocean Imaging project seeks to combine high frequency multibeam bathymetry with stereo photographic imagery, both datasets collected simultaneously from altitudes of 2-3 m. The goals for this near-bottom survey system include:

· Combine the multibeam bathymetry with photogrammetric topography to obtain the highest resolution 3D topographic model possible. The goal is to achieve a 5 cm lateral resolution, or better.

· Precisely collocate the optical imagery on the 3D topographic model.

· Implement both terrain and vision aiding to real-time navigation to support achieving full coverage during autonomous surveys.

Year 1 of the Ocean Imaging project involves developing a capability to conduct combined acoustic and stereo optical data from MBARI’s ROVs, and year 2 will include the beginnings of fine-scale seafloor monitoring through repeated surveys. In later years, the project will seek to integrate the near-bottom survey system onto an autonomous platform. This discussion seeks to define the characteristics of an AUV optimized to perform these future surveys.

Some of the factors that should be considered in the process include:

· Capabilities of the existing Dorado and Tethys platforms

· Impact of the Antarctic iceberg autonomous mapping proposal submitted to NASA

· Capabilities of survey AUVs external to MBARI

· Desire to run 48 hour missions to enable running from shore to survey sites

· Who are the likely end users?

· What is the likely range of missions? (use cases)

· What additional sensors and uses should impact the design?

Some Basic Options

Some rather different options for obtaining a “nimble” near-bottom autonomous survey platform are available to use:

· Modify the existing Dorado AUVs by inserting lateral/vertical thruster sections into the torpedo-shaped vehicles

· Build a multi-body vehicle with lateral and vertical thrusters. 

· This might be two or three bodies

· This might make substantial use of the Dorado codebase and existing Dorado and 1K ROV components. Or not…

· Purchase an externally designed vehicle, e.g. the SeaBed platform from WHOI, approx $500k for a 2km-rated system or $1m for a 5000m-rated system

· Lease/contract for external vehicle using our sensor package

Mission Cases

Near-bottom survey in Soquel Canyon:

· 1-2 m altitude

· Terrain can be vertical with overhangs (canyon walls)

· Capability to turn in place

· Capable to keep sensor package pointed normal to the seafloor

· Multibeam bathymetry (<5 cm lateral resolution)

· >100% coverage

· 120° swath width

· Stereo imagery

· >100% coverage

· ~90° field of view

· Color imagery to 3 m altitude

· Black and white to 10 m altitude

· Depth rating to deepest of plausible recovery assets (4000 m or 6000 m?)

· Realtime relative navigation good to <0.25 m

· Vision aiding requires 50% overlap in subsequent frames

· Terrain aiding requires non-flat terrain

· Terrain aiding relative to pre-existing map places no requirement on survey design

· Terrain aiding relative to current data requires 50% overlap in adjacent swathes

Preliminary Functional Requirements:
· Sensors provide 5 cm scale topography and co-located optical imagery

· High frequency 1°x1° or better multibeam

· Stereo color cameras w/ lighting (grayscale for altitudes > 3 m)

· Sonar and cameras physically tied

· Attitude sensor physically tied to sonar & cameras

· Navigation good to 0.05% distance traveled without terrain or vision aiding

· Sensor attitude accurate to 0.05° at 10 Hz (required for multibeam)

· Require 100% coverage in arbitrarily steep/complex terrain

· Need to be able to extricate itself from under an overhang

· Sensor package must be oriented normal to seafloor, even when surveying a vertical wall

· Operate from altitudes of 2-10 m

· Minimum depth requirement of 4000 m

· Minimum practical endurance 12 hours, aim for 18 hours or more

· Maximum speed 1 m/s (2 knots) for near bottom imaging

· Stable to within 3 degrees with rate less than 12 degrees / second

· This is with respect to the terrain – sensors pointed normal to seafloor

· Minimize ascent and descent times – 30 m/minute minimum ascent descent rates

· Must fit in shipping volume of 4’x8’x18’

· Can be operated from future “coastal vessel”

· Ancillary sensors

· CTD

· Eh

· Optical backscatter

· Magnetometer

· Flourometer and other dissolved gas sensors

· O2?

· Mass spectrometer?

· ESP?

Implications
· Five independent degrees of control for the sensor package

· Surge (fore-aft), heave (up-down), sway (lateral), yaw (heading), pitch 

· Four degrees of freedom in vehicle controls

· Surge (fore-aft), heave (up-down), yaw (heading), sway (lateral) (actuating sway is unusual)

· Pitch and roll can be passive, but pitch control would improve ascent & descent efficiency

· Kearfott-class INS with DVL aiding

· Great emphasis on obstacle avoidance

· Great emphasis on SLAM using both multibeam and imagery

· Have to choose between having an articulated sensor package or a vehicle that can tilt arbitrarily

· Preference for sensor package articulated with one rotational degree of freedom

· Enable use of dropweights for ascent and descent

Appendix 3: Lidar Development Quote from 3D at Depth
� 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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