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1) Abstract

We propose a three-year project to accomplish the following:

1) Develop a capability for high-resolution mapping of the deep ocean seafloor from MBARI Dorado AUV vehicles.

2) Continue development of software for the processing and display of swath-mapping sonar data (the MB-System package) through an NSF funded collaboration with the Lamont-Doherty Earth Observatory.

Developing a high-resolution deep ocean mapping capability will include:

· Acquire a Reson 7100 multibeam sonar (200 kHz, 4500 m depth rating) designed especially for Dorado/Bluefin AUVs (delivery by November 2001).

· Design a Dorado midbody to incorporate the Reson 7100 multibeam. (Spring 2001)

· Construct the Dorado midbody to incorporate the Reson 7100 multibeam. (Summer 2001)

· Design and construct a Ventana toolsled to incorporate the multibeam AUV midbody package for initial testing on an ROV. (Fall 2001)

· Test the AUV multibeam package in the test tank (November 2001).

· Test the AUV multibeam package on the ROV Ventana (December 2001 / January 2002).

· Test the AUV multibeam package on a Dorado AUV  (February 2002).

· Continue testing and refining the multibeam package on AUV and ROV missions in conjunction with relevant science projects (2002)

· Use the AUV multibeam to obtain bathymetry basemaps for ROV Tiburon operations during the upcoming Sea of Cortez expedition (Summer 2002).

· Acquire and incorporate a chirp subbottom profiler sonar into a Dorado AUV midbody. Test the subbottom profiler on the AUV. (2003)

NSF has funded continued development of the MB-System software by David Caress of MBARI and Dale Chayes of LDEO for five years. This software will continue to serve as the primary means for processing swath-mapping sonar data at MBARI, including data obtained by other projects and data collected with the AUV deployed sonar proposed above. The NSF funding supports 1.5 months/year of Caress’ time, which will be matched by MBARI through an additional 1.5 months/year.

2)
Proposal

a)
MBARI’s Seafloor Mapping Needs

One of the fundamental efforts in oceanography is the use of sonar to map the morphology and character of the seafloor. As shown in Table 1, MBARI scientists make extensive use of seafloor mapping data for geological research and for the support of other programs (e.g. ROV dive basemaps). To date, MBARI’s mapping efforts have focused on processing data obtained either by contract surveys or by collaboration with other institutions. This strategy of not owning and operating an in-house mapping capability is perfectly sensible for a small marine institution dedicated to technological and scientific innovation, at least as long as contracting work saves expenses or the mapping technology is routine and therefore not innovative. However, current MBARI science plans will require many high-resolution bathymetric surveys over many years, and the Dorado AUV will provide a new, more flexible platform for deep-sea survey work than has been available anywhere before. These developments, among others, lead us to several independent justifications for obtaining a mapping system at MBARI. We think the following justifications collectively comprise a compelling argument to invest in an AUV-based, high-resolution mapping capability for the deep ocean:

· MBARI science plans require high-resolution seafloor surveys. The Canyon Dynamics MOOS Use Scenario includes a plan to repeatedly map the floor of Monterey Canyon in order to document the movement of sediment through the system. This repeat mapping plan is explicitly put forward in a current proposal by Paull et al, with a depth precision requirement of 25 cm. The only swath-mapping sonars capable of meeting the depth resolution requirement are multibeam sonars operating at altitudes of <=100 m and frequencies of >=100 kHz; interferometric sonars such as WHOI’s AMS120 do not yield bathymetry with noise less than 0.5 m. Similar requirements and conclusions follow for bathymetric surveys discussed in the Greene et al. Convergent Margins proposal.

· MBARI expedition plans require seafloor surveys in remote regions. The R/V Western Flyer is expected to do at least one long-range expedition each year, with each expedition plan emphasizing ROV Tiburon operations. In general, benthic ROV operations require a bathymetric basemap for identifying dive targets and for navigating to those targets. The 2001 expedition to Hawaii will mostly involve places already mapped by MBARI or collaborating institutions. However, the 2002 expedition is expected to be in the Sea of Cortez, a locale only sparsely mapped by modern sonars. Future expeditions may well investigate previously unmapped sites. In order to operate efficiently Tiburon on expeditions, MBARI must be able to obtain bathymetric basemaps at appropriate resolutions. 

· MBARI ROV operations are enhanced by the availability of high-resolution bathymetric basemaps. Bathymetry obtained by mapping from surface vessels is frequently used to plan and navigate ROV dives. However, even high quality bathymetry from hull-mounted multibeams (e.g. MBARI’s EM300 data) fails to provide a truly useful resolution of seafloor features once the depth exceeds a few hundred meters. At depths of 3000-4000 m, hull-mounted multibeams only achieve a lateral resolution of 100-150 m. The consequence is that ROV operators must work with a resolution gap between basemaps showing large scale structure on scales of hundreds of meters and “in your face” video with a field of view of 2-3 meters. Bathymetric surveys done from multibeams at altitudes of 50-200 m could provide basemaps showing structure on scales that can be viewed in ROV video. The utility of high-resolution bathymetry to ROV operations is demonstrated by the interest shown in the towed Reson 8101 survey of Loihi Seamount (relevant to the 2000 WF expedition to Hawaii) and by the request by Clague and Zierenberg that Caress process towed AMS60 bathymetry from the Escanaba Trough as part of their preparations for their August 2000 Tiburon dives there.

· The proposed system is substantially superior to any currently available alternative. At present, no amount of money would purchase swath-mapped bathymetry with the resolution proposed here. Interferometric sonars of any frequency produce bathymetry with higher noise and less precision than high-frequency multibeams. The only deep-towed multibeam system offered to date by commercial surveyors (Reson 8101 on Focus towfish by SAIC) produced beautiful data in 1997-1998, but the day rate was so high that SAIC failed to win enough jobs to break even. We will be using some of SAIC’s Focus data to plan and navigate Tiburon dives on Loihi next year, but meanwhile SAIC has been trying to sell that equipment since 1998, and the sonar proposed here will achieve better resolution than the Reson 8101. The fabulous EPR “microbathymetry” survey conducted last year using WHOI’s ABE for Ryan and Cormier of LDEO used a 675 kHz Imagenex mechanically scanned sonar. The multibeam sonar we propose here will be more efficient than the ABE system (256 soundings per ping rather than 2 soundings per second) and, despite the lower frequency of the multibeam, produce higher resolution data (1 degree beamwidths rather 1.9 degrees, sounding precision better than 25 cm at 100 m altitude).

· High-resolution bathymetry surveys in the deep ocean will result in high-profile, leading-edge science. The AUV multibeam proposed here will be capable of efficiently mapping bathymetry with unprecedented resolution in the deep ocean, and we are convinced that these new observations will yield important new insights in a variety of settings. For example, in the case of the canyon dynamics study mentioned above, the proposed mapping capability will make it possible to determine for the first time the volume and timing of sediment transport events within a submarine canyon system. The highest resolution deep ocean bathymetry survey so far is a 675 kHz Imagenex mechanically scanning sonar survey of the EPR axis at 17-18 S performed by WHOI’s ABE vehicle for Ryan and Cormier of LDEO. This survey was conducted at altitudes of 20 m over the EPR axis, mapping with a lateral resolution of 2.5 m and a vertical resolution of 50 cm. The marine geological community has received the resulting maps with great enthusiasm. According to Ryan, there seems to be no on-axis extensional tectonics; the on-axis fault planes are purely vertical and may reflect changing isostatic compensation of shallow melt bodies. This conclusion could not have been reached with bathymetry data from any of the other available towed or hull-mounted sonars. 

· MBARI is uniquely well positioned to lead the development of high-resolution deep-ocean bathymetric surveys from AUVs. Other institutions have AUV experience, but none will be operating vehicles as routinely as MBARI. WHOI has already collected high-resolution bathymetry data from ABE, Jason, and Alvin, but they have used equipment that is crude relative to what we propose here, and they have not yet committed to integrating a true swath-mapping sonar to ABE.  SIO is purchasing an Odyssey-class AUV that is incapable of supporting swath-mapping sonars, and will not be a serious AUV player for some time yet. In contrast, commercial survey companies will acquire similar or even identical equipment (e.g. Racal), but their interest is in conducting surveys that achieve adequate resolution for their customers, not in obtaining the best or highest resolution images of the seafloor. Finally, unlike MBARI, the other institutions do not have established programs developing swath sonar data processing tools. In summary, MBARI combines existing AUV operational expertise, a new AUV design capable of supporting a full multibeam sonar, an expectation that these vehicles will be used almost daily in years ahead, NSF-funded swath sonar data processing expertise, and a desire to use the combined technologies to their limits. Altogether, these assets can allow MBARI to improve operational and data processing techniques more rapidly and to exploit the new capabilities more fully than other institutions.

· MBARI long-term survey costs will be less if the institute owns and operates its own AUV-based mapping system. Contract surveys, whether done by commercial operators like C&C, Racal, and Fugro, or done by academic groups like WHOI DSL and SOEST HMRG, all involve considerable mobilization expenses as well as day rates during surveys. A few days of contract survey work with towed sonars generally exceeds $100K in costs. If one already has an appropriate sonar platform (e.g. an AUV) and mobilization costs are either negligible (e.g. for work in Monterey Bay) or largely attributable to non-survey charges (e.g. ship transits for expeditions), then the break-even point is reached after only a few short swath-mapping surveys. If MBARI is going to need more than a few high-resolution surveys in the next few years, then the least expensive approach will be to do those surveys on MBARI vehicles with MBARI equipment.

Simrad EM300 30 kHz multibeam surveys of Santa Barbara Basin, Monterey Bay, and areas of the Juan de Fuca and Gorda Ridges, the Oregon and Northern California margin, and areas in the Hawaiian Islands (Clague et al). These data used broadly for science and ROV dive support inside and outside MBARI.

AMS120 deep-towed 120 kHz interferometry sonar survey of Cleft Segment, Juan de Fuca Ridge (Stakes). These data used for science and ROV Tiburon dive support in July, 2000.

SeaBeam 2112 12 kHz multibeam survey KR9808 by R/V Kairai. These data are associated with ROV dives around Hawaii (Clague).

SeaBeam 2112 12 kHz multibeam survey KR9809 by R/V Kairai. These data are associated with ROV dives around Hawaii (Clague).

SeaBeam 2112 12 kHz multibeam survey KR9906 by R/V Kairai. These data are associated with ROV dives in Challenger Deep (Barry).

SeaBeam 2112 12 kHz multibeam survey YK9908 by R/V Yokosuka. These data are associated with ROV dives around Hawaii and include surveys of major submarine landslides (Clague).

Reson 8101 deep-towed 240 kHz multibeam survey by SAIC of Loihi seamount. These data will be used to support ROV dives on Loihi during the 2001 Western Flyer expedition to Hawaii.

Simrad EM121 12 kHz multibeam survey R/V Sumner of Loihi seamount. These data will be used to support ROV dives on Loihi during the 2001 Western Flyer expedition to Hawaii.

AMS60 deep-towed 60 kHz interferometry sonar survey of NESCA area, Escanaba Trough, Gorda Ridge. These data obtained from USGS, and used to support ROV Tiburon dives in August 2000.

Table 1. Examples of mapping datasets processed and analyzed at MBARI over the

past two years (excluding those collected by or for this proposal’s lead proponent).

b) Approach to the problem

We propose a three-year project to accomplish the following:

· Develop a capability for high-resolution mapping of the deep-ocean seafloor from MBARI Dorado AUV vehicles.

· Continue development of software for the processing and display of swath-mapping sonar data (the MB-System package) through an NSF funded collaboration with the Lamont-Doherty Earth Observatory.

Over the past year, we have held several meetings within MBARI to define the institute’s long term seafloor mapping strategy. The collective wish list for mapping capabilities included high-frequency multibeam sonars, sidescan sonars, and chirp subbottom profiling on both ROVs and the Dorado AUV. We considered sonar performance according to frequency and design, vehicle capabilities, and MBARI  science and development plans. Following discussions among MBARI geologists, engineers, and management, we arrived at the following priorities:

· The highest priority is for an AUV-based multibeam sonar in the 200-250 kHz range.

· The subbottom profiler capability is secondary priority.

· ROVs are not high-priority platforms for a mapping capability. However, ROV-based testing of the AUV mapping module may be necessary. If the testing effort yields a ROV-based mapping capability at no extra cost, no one will complain.

The deployment of a multibeam sonar on an AUV is a significant challenge because of the power, size, and weight constraints imposed by the vehicle. The MBARI Dorado AUV will be very similar to (some say exactly the same as) the new generation Bluefin AUVs, so solutions for Dorado will apply to Bluefin, and vice versa. Racal, an international commercial survey company, intends to order two Bluefin AUVs equipped with multibeam, sidescan, and subbottom profiling. We have been working closely with Bluefin, Racal, Christian de Moustier of Scripps, and Reson, a leading multibeam sonar vendor, to develop a common multibeam sonar and Dorado midbody design that will meet MBARI’s and Racal’s needs while embodying Reson’s most up-to-date mapping technology. Jim Bellingham and Bill Kirkwood have participated in or been kept informed about all of the AUV sonar related discussions. The plan outlined below thus reflects considerable effort on the part of many people.

The ultimate goal of this project is to provide a routinely usable AUV-based mapping capability. However, we do not envision this instrumentation becoming the responsibility of DMO once it is “mature”. Rather, we expect to take long-term responsibility for the maintenance and operation of the mapping package. 
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Figure 1. Artist’s Conception (w/ incorrect nose cone) from Reson.

· Engineering/technology development

After considerable effort, Reson, Racal, and MBARI have arrived at a design concept for a multibeam sonar embedded within a Dorado/Bluefin midbody that satisfies the AUV constraints, MBARI’s science needs, and Racal’s commercial survey needs. Reson has provided a preliminary technical proposal and a separate quote. These documents are available in dropbox\caress; we note that some elements of these documents have already been rendered obsolete by phone conversations, so any review of these documents should be followed by a discussion with Dave Caress.

The specifications of the proposed multibeam include:

· Frequency: dual frequency 100/200 kHz (we propose 200 kHz only)

· Receive array: 21” diameter ring, conformal to Dorado hull.

· Transmit array: mounted on bottom of AUV, 350 mm long by 80 mm diameter

· Beamforming hardware – new architecture based on field-programmable gate arrays

· Depth rating: survival to 6000 m, performance guaranteed to 4500 m

· Altitude range: 5 m to 300 m (achieves 120 degree swath to altitudes of 200 m)

· Swath width: 150 degree (we only care about the inner 120 degree swath)

· Beam widths: 1 degree transmit by 1 degree receive

· Number of beams: 200

· Bottom detection resolution: 2.5 cm

· Sidescan: derived from beamformed time series, reported with bathymetry

· Power usage: 
< 75W for sonar electronics (probable 40W) 

< 50W for data collection PC (probable 25W)

The multibeam will have to be embedded in a Dorado/Bluefin midbody which has structural integrity, which encloses the sonar and data logging electronics, and which integrates mechanically, electrically, and “networkwise” with the core vehicle. A preliminary concept is to enclose the electronics within two 17” titanium spheres, one of which would lie inside the sonar receive array ring. The design and construction of the midbody mechanical elements and the integration of the midbody to the vehicle is budgeted assuming a titanium sphere approach and assuming that all design and construction occurs at MBARI. In fact, much or all of this work could be done at Bluefin, and cost sharing arrangements with Racal (whom need the same design work) may be possible. We will be working over the next few weeks to determine how best to arrange for the midbody design and construction.

Another issue is the source of the vehicle attitude data used in processing the multibeam data. The Dorado core vehicle sensors include a Crossbow attitude sensor. Although the Crossbow attitude data is adequate for use in swath bathymetry, we are concerned that the AUV body may not be rigid enough for the nose cone attitude sensor to accurately (+/- 0.1 degree) reflect the motion of a sonar receive array located in the midbody. We thus budget for a second Crossbow unit to be directly fixed to the receive array.

The multibeam midbody package will require extensive interactive testing because so much of the sonar and AUV elements will be newly designed. Interactive testing cannot be performed on an AUV, but bench and test tank testing will also be inadequate because of the need to investigate sonar performance over a real seafloor. We therefore propose to build a Ventana toolsled to incorporate the entire AUV midbody and allow testing its full functionality from the ROV platform. The Ventana toolsled is budgeted below as if MBARI builds a completely new unit in-house. Alternatives include contracting the construction out or modifying an existing Ventana toolsled now in storage.
· Field programs

We propose the following initial wet testing schedule:

· 4 days test tank testing (November 2001)

· 3 days Ventana testing (1 mob day followed by 2 dive days – December 2001)

· 3 days Ventana testing (1 mob day followed by 2 dive days – January 2001)

· AUV multibeam testing beginning in February, 2002

· Data reduction and analysis

NSF has funded continued development of the MB-System software by David Caress of MBARI and Dale Chayes of LDEO for five years. This software will continue to serve as the primary means for processing swath-mapping sonar data at MBARI, including data obtained by other projects and data collected with the AUV deployed sonar proposed here. The NSF funding supports 1.5 months/year of Caress’ time, which will be matched by MBARI through an additional 1.5 months/year. This effort is included in this proposal. 

One important recent addition to MB-System is a new tool (mbnavadjust) that uses crossing and overlapping bathymetry swaths to obtain optimal navigation solutions. We are now using this tool to process data from poorly navigated surveys (e.g. surveys by towed vehicles, ROVs, and AUVs). Examples include a deep-towed multibeam survey of Loihi (see map outside of David Caress’ office) and a deep-towed AMS60 survey in Escanaba Trough (used this week to guide Tiburon dives by Clague). Access to this software means that we will be able to meet the science and operational requirements for high resolution bathymetry surveys even with less-than-perfect navigation.
· Proposed duration of project and approximate plan of action

Developing a high-resolution deep ocean mapping capability will include:

· Acquire a Reson 7100 multibeam sonar (200 kHz, 4500 m depth rating) designed especially for Dorado/Bluefin AUVs (delivery by November 2001).

· Design a Dorado midbody to incorporate the Reson 7100 multibeam. (Spring 2001)

· Construct the Dorado midbody to incorporate the Reson 7100 multibeam. (Summer 2001)

· Design and construct a Ventana toolsled to incorporate the multibeam AUV midbody package for initial testing on an ROV. (Fall 2001)

· Test the AUV multibeam package in the test tank (November 2001).

· Test the AUV multibeam package on the ROV Ventana (December 2001 / January 2002).

· Test the AUV multibeam package on a Dorado AUV  (February 2002).

· Continue testing and refining the multibeam package on AUV and ROV missions in conjunction with relevant science projects (2002)

· Use the AUV multibeam to obtain bathymetry basemaps for ROV Tiburon operations during the upcoming Sea of Cortez expedition (Summer 2002).

· Acquire and incorporate a chirp subbottom profiler sonar into a Dorado AUV midbody. Test the subbottom profiler on the AUV. (2003)

The NSF funded development and support of the MB-System swath-mapping data processing software will be ongoing throughout the project. We expect to release new versions of the software at least twice a year, as we have over the past seven years.

c)
Specific deliverables

· Products from research and development (tools, documentation, publications, presentations, etc.)

The products of this project will include:

· A Dorado midbody package equipped with a high-resolution multibeam sonar for seafloor mapping surveys.

· A Ventana toolsled which can incorporate the Dorado mapping package and allow mapping missions on the ROV.

· Bathymetry and sidescan data from the test surveys.

· Publications regarding the new mapping system and its initial applications.

· Updated releases of the MB-System public domain software for processing and display of swath-mapping sonar data.

· How success will be measured

This project will be successful if:

· We obtain a reliable, high-resolution, AUV-based seafloor mapping capability for the deep ocean.

· Data obtained using the new system contributes to MBARI science and operations to the extent discussed in the introduction.

· MB-System continues to be widely used for processing swath sonar data in the international oceanographic community.

d)
Project team

David Caress – Lead scientist.

Caress has considerable experience with collecting and processing swath-mapping sonar data and with software development. Caress will maintain communication with Reson, Bluefin, Racal, and the MBARI AUV group. Caress will also help to coordinate the project, lead test surveys, develop the required processing tools, process the test survey data, and teach data processing to relevant personnel. Caress will develop and support the MB-System software package (half this effort is supported by an NSF grant). 

Paul McGill – Lead engineer and project manager.

McGill is an electrical engineer with a history of working well with scientists. He has been lead engineer on the LP1 datalogger and part of the Tiburon development team. McGill will have primary responsibility for project coordination, especially including engineering design and design reviews. McGill will participate in all tests and surveys.

Bill Kirkwood – Lead engineer for Dorado AUV

Kirkwood will coordinate the collaboration between our project and the MBARI AUV team and provide guidance during design, fabrication, and testing.

Farley Shane – Mechanical engineer 

The mechanical structure of the AUV midbody needs to be designed, as does the Ventana toolsled to be used for ROV-based sonar testing.

Ventana Pilot 

Ventana pilots and techs will be instrumental in facilitating the ROV-based multibeam tests.

Charlie Paull – Scientist.

Paull will help determine sites of initial surveys and interpret the bathymetry and sidescan data.

Gary Greene – Scientist.

Greene will help determine sites of initial surveys and interpret the bathymetry and sidescan data.

Norm Maher – Research Technician.

Maher will  participate in sonar tests, help determine sites of initial surveys and interpret the bathymetry and sidescan data.

3)
Budget 

The development of the AUV multibeam system will require the following:

· Purchase the multibeam sonar.

· Design the mechanical elements of the AUV midbody.

· Design the Ventana toolsled for AUV midbody testing.

· Construct the AUV midbody.

· Construct the Ventana toolsled.

· Integrate the multibeam electronics with the AUV.

· Test sonar on toolsled w/AUV midbody in test tank

· Test sonar on toolsled w/AUV midbody on Ventana (extending into 2002)

· Test AUV multibeam system on AUV (in 2002)

· MB-System support and development

This budget assumes that much of the design and construction will be done at MBARI. We can, for instance, have the toolsled constructed outside for $20K instead of for $1K + 10 days shop time inside. We may also be able to share some design expenses and responsibilities with Bluefin, and we will explore the possibility of design cost sharing with Racal (viewing our 6 days of ROV testing time as a significant contribution to the effort). We simply have not yet had time to firm up these details.

Multibeam sonar hardware:

Reson 7100 multibeam sonar, as per Reson proposal of 8/10/2000
$350,000

· 21” receiver transducer array

· 200 kHz projector transducer array

· Acoustical window for projector array

· Cable from receiver to electronics 

· Sonar processor unit

· Data logging hardware (w/out software)

Reson data logging software
$30,000

Crossbow attitude sensor
$5,000

==================================
=======

Total cost of multibeam hardware
$385,000

Mechanical Engineering Time (estimates from Farley Shane):

INTEGRATE TRANSMITTER INTO AUV MIDBODY

--  Acquire AUV midbody section.
1 Day

--  Determine optimal location for transmitter.
1 Day

--  Do drawings for AUV hull modification.
4 Days

--  Design and draw mount for transmitter to hull
4 Days

DESIGN TITANIUM PRESSURE HOUSINGS

--  Discuss with Reson packaging requirements
2 Days

--  Design  new 6K meter titanium spheres
10 Days

--  Do drawings for spheres
5 Days

--  Do finite element analysis on spheres
3 Days

--  Take spheres to Port Hueneme for hydro testing
3 Days

INTEGRATE RECEIVER INTO MIDBODY

--  Design interface between midbody and receiver
3 Days

--  Do drawings for interface ring(s)
5 Days

FAB. / MODIFY TOOLSLED FOR AUV MULTIBEAM  MIDSECTION

--  Modify existing  toolsled frame drawings to accept AUV midsection
3 Days

--  Design secure mount for AUV midsection
3 Days

TESTING

--  Integrate and test multibeam on toolsled
2 Days

--  Integrate and test multibeam on AUV
2 Days

DESIGN REVIEWS

--  Preliminary Design Review
2 Days

--  Critical Design Review
2 Days

===============================
=====

Total ME days
55 days

Electrical Engineering Time (estimates from Paul McGill):

COMMUNICATION AND PROJECT MANAGEMENT
10 days

INTEGRATE TRANSMITTER INTO AUV MIDBODY
6 days

DESIGN TITANIUM PRESSURE HOUSINGS
5 days

INTEGRATE RECEIVER INTO MIDBODY
6 days

FAB. / MODIFY TOOLSLED FOR AUV MULTIBEAM MIDSECTION
15 days

TESTING

--  Integrate and test multibeam in tank
4 Days

--  Integrate and test multibeam on toolsled
6 Days

--  Integrate and test multibeam on AUV
10 Days

DESIGN REVIEWS

--  Preliminary Design Review
2 Days

--  Critical Design Review
2 Days

===============================
=====

Total EE (McGill) days
64 days

Research Specialist Time (estimates from David Caress):

COMMUNICATION W/ RESON, BLUEFIN, AND RACAL
20 days

TESTING

--  Integrate and test multibeam in tank
4 Days

--  Integrate and test multibeam on toolsled
6 Days

--  Integrate and test multibeam on AUV
10 Days

DESIGN REVIEWS

--  Preliminary Design Review
7 Days

--  Critical Design Review
7 Days

MB-SYSTEM DEVELOPMENT

--  Caress’ time funded through NSF grant
33 days

--  Caress’ time provided by MBARI
33 days

===============================
=====

Total Research Specialist (Caress) days
120 days

Software Engineering Time (estimates from Duane Edgington):

Integrate Multibeam with AUV
20 days

Develop external control interface for bench and ROV testing
10 days

Integrate AUV midbody with Ventana (we think this is overestimated)
20 days

===============================
=====

Total SE days
50 days


AUV Midbody Hardware

Estimated cost of midbody external hardware 
$5000

 (includes joining rings and toothed plastic shells

-existing midbody cost ~$2200

-we will have to add more joining rings, connectors and other structure)

Two 17” Titanium spheres
$40000


Fabrication of AUV Midbody:

Shop time
8 days

ME Tech
10 days

EE Tech
5 days


Fabrication of Ventana Toolsled:

Shop time to construct Ventana Toolsled
10 days

Materials for Ventana toolsled
$1000


ROV Testing:

Point Lobos/Ventana mob days
2 days

Point Lobos/Ventana dive days
4 days

Additional Ventana pilot days
5 days

Miscellaneous Supplies
$5000

Domestic Travel

2 Round trips airfare to Boston for meetings w/ Bluefin
$2000

6 days per diem for Boston
$600

6 days lodging in Boston
$800

4)
Milestones

· Order Reson 7100 multibeam sonar (on initial approval of project, September 2000)

· Conclude informal MOU w/ Racal and Bluefin for collaboration (November 2000)

· Preliminary Design Review

· Critical Design Review

· Complete construction of AUV midbody (August 2001)

· Complete construction of Ventana toolsled (October 2001)

· Accept delivery of Reson 7001 multibeam hardware (November 2001)

· Bench testing of AUV midbody

· Tank testing of AUV midbody on toolsled

· ROV Ventana testing of midbody on toolsled

· AUV testing w/ multibeam midbody.

First Addendum to 2001 MBARI Proposal: 900029 Seafloor Mapping
David W. Caress

September 3, 2000

Paul McGill and I submitted a 2001 MBARI phase 1 proposal entitled “900029 Seafloor Mapping”. The bulk of the expense and effort in this project involves:

· The procurement of a 200 kHz Reson 7100 multibeam for the Dorado AUV.

· The design of a midbody to incorporate the sonar and its electronics.

· The fabrication of the midbody.

· The integration of the multibeam sonar with the AUV.

· The testing of the entire package on both ROV and AUV deployments. 

The initial proposal budgeted engineering time under the assumption that the midbody design and fabrication would occur at MBARI. Because of anticipated constraints on MBARI engineering resources in 2001, Keith Raybould and Bill Kirkwood urged us to develop a plan that minimizes use of MBARI engineering. Accordingly, I outline here an alternative project plan that minimizes MBARI engineering effort by making the following changes:

· The midbody design, fabrication, and integration is contracted to Bluefin Robotics.

· The Ventana toolsled used for ROV-based multibeam testing is constructed (or modified from an existing, warehoused toolsled) by DMO and TSD technicians.

· The project manager is David Caress rather than Paul McGill. 

The alternative budget is preliminary and approximate, but does give a sense of the tradeoffs in the different approaches. The bottom lines of the alternative approaches are:


As Proposed
Alternative

Total Capital Costs
$439,400
$582,400

Total Engineering Days
 171 days
20 days

Total Tech + Shop Days
33 days
30 days

Total Research Specialist Days
120 days
120 days

The detailed budgets are given at the end of this document. Below are some relevant comments.

Contracting with Bluefin.
Bluefin is enthusiastic about working with MBARI on the development of a mapping midbody. However, Bluefin has been unable to provide independent estimates for engineering time (the relevant people have been at sea and on vacation). I am thus using the time estimates provided by MBARI engineers for this work. Based on my discussions with Frank Von Mierlo at Bluefin, I think the best approach would be to contract with Bluefin on a cost basis (pay what it costs for them to do the work) rather than a fixed price contract. Bluefin will charge us about $1000/day of engineering effort. 

Budgeting for the Ventana toolsled

We previously treated designing and building the Ventana toolsled as part of a larger engineering effort. However, Bill Kirkwood suggested that if Bluefin is going to provide us with a complete, integrated midbody, then emplacing this package in either the spare, warehoused Ventana toolsled or a new, modified toolsled is a task suitable for a combination of DMO and TSD technicians. Steve Etchemendy concurs with this notion, providing that the midbody data and power interfaces are well defined.

Caress as Project Manager 

Minimizing MBARI engineering effort also diminishes the need for an engineer to manage the project. I reduce the engineering requirements further by shifting the project management to myself. Paul McGill remains the lead engineer, but his primary time commitment is now to testing the equipment.

Pressure Housings

One of the major unresolved engineering issues is the nature of the pressure housings that will contain the multibeam and data logging electronics. The options include:

· Benthos glass spheres ($20K)

· Titanium spheres ($40K)

· Titanium cylinders with spherical endcaps ($45K)

Only a few penetrations are required, so glass spheres are feasible. At present, I have budgeted for Titanium spheres.

How much is Reson charging us for development costs?

I’m guessing $50K or less out of the $350K price tag for the SeaBat 7100. The Reson SeaBat 8101, an established product, was quoted to us last year for $247K, or $100K less. The most expensive part of a multibeam sonar is the receive array, and the proposed array has many more elements and is more difficult to fabricate than the 8101. I expect that the SeaBat 7100 array costs something like $50K more than the 8101. I think that Reson has quoted us a fair price.

Can we cost share with Racal?

Racal is buying two Bluefin AUVs equipped for commercial surveying, including multibeam, sidescan, and subbottom profiling sonars. Racal has not yet decided which equipment will be used for their first generation AUVs. Racal may choose to use Reson’s proposed SeaBat 7100 multibeam, or they might use the Simrad EM2000. We have no interest in the EM2000 because the data quality is insufficient to meet the needs outlined in our proposal. If Racal chooses to use the same sonar, then we may be able to arrange for cost sharing of Bluefin’s development work. I have not discussed this issue with Racal. Racal will make equipment decisions by mid-September.

Revision to the receive array design for the SeaBat 7100 multibeam

The initial Reson proposal was sparse on some of the technical details, but many issues have now been clarified. In particular, the receive array will now be part of a ring rather than attached to the outside of a titanium sphere. The analog electronics (filtering + D/A) will be pressure tolerant and embedded in this ring, allowing the raw sonar data to be multiplexed into a few channel. Consequently, only a few penetrations of the multibeam electronics pressure housing will be required (one for receive array, one for transmit, and probably one each for power and data/command i/o).

As Proposed – All Engineering and Fabrication at MBARI:

Multibeam Hardware

Total cost of multibeam hardware
$385,000

Midbody Engineering Design

ME days
41 days

EE days
17 days

SE days
30 days

Midbody Fabrication

Total Shop days
8 days

Total ME Tech days
10 days

Total EE Tech days
5 days

Misc. Midbody Hardware
$5,000

2 17” Titanium Spheres
$40,000

Ventana Toolsled Engineering Design

ME days
6 days

EE days
15 days

SE days
20 days

Ventana Toolsled Fabrication

Total Shop days
10 days

Hardware
$1,000

ROV and AUV Testing

ME days
4 days

EE days
20 days

Research Specialist days
20 days

Point Lobos Mob days
2 days

Point Lobos Dive days
4 days

Additional Ventana Pilot days
5 days

Design Reviews 

ME days
4 days

EE days (McGill)
4 days

Research Specialist days
14 days

Post-Processing Software 

Research Specialist days
66 days

Project Management 

Research Specialist days (Caress)
20 days

EE days (McGill)
10 days

Miscellaneous Expenses
Misc. + Travel
$8,400   


Total Capital Costs
$439,400

Total Engineering Days
 171 days

Total Tech + Shop Days
33 days

Total Research Specialist Days
120 days

Alternative – Midbody Engineering and Fabrication at Bluefin:

Multibeam Hardware

Total cost of multibeam hardware
$385,000

Midbody Engineering Design at Bluefin

88 Engineering days @ $1000/day
88,000

Midbody Fabrication at Bluefin

23 Engineering/Tech days @ $1000/day
23,000

Misc. Midbody Hardware
$5,000

2 17” Titanium Spheres
$40,000

Ventana Toolsled Modification

ME Tech days
10 days

EE Tech days
10 days

Total Shop days
10 days

Hardware
$1,000

ROV and AUV Testing using Bluefin Engineers at MBARI

24 Engineering/Tech days @ $1000/day
24,000

Research Specialist days
20 days

EE days (McGill)
20 days

Design Reviews at Bluefin

8 Engineering/Tech days @ $1000/day
8,000

Research Specialist days
14 days

Post-Processing Software 

Research Specialist days
66 days

Project Management 

Research Specialist days (Caress)
20 days

Miscellaneous Expenses
Misc. + Travel
$8,400   


Total Capital Costs
$582,400

Total Engineering Days
 20 days

Total Tech + Shop Days
30 days

Total Research Specialist Days
120 days

Second Addendum to 2001 MBARI Proposal: 900029 Seafloor Mapping
David W. Caress

September 29, 2000

This addendum is attached to this proposal in order update the PCO on the status of the Racal’s procurement of surveying equipment for the previously ordered Bluefin AUV’s.

In response to the fielding of a Simrad Hugin AUV survey system by C&C Technologies, Racal has moved up its timetable for delivery of its first Bluefin AUV for surveying. Racal now wants to take delivery of the first vehicle in July, 2001. They are considering whether to purchase a Simrad EM2000 multibeam or to allow Reson to deliver an interim solution (called Reson 7101) in July followed by the delivery of the full Reson 7100 (what we want) in January 2002.

As of last night, Bluefin has recommended to Racal that a revised Reson proposal be accepted. Racal is expected by both Reson and Bluefin to make a final decision next week. Bluefin thinks that Racal will accept their recommendation.

Reson’s  revised development plan for Racal includes:

1. Deliver Reson 7101 in July 2001

· Includes same sonar electronics as the Reson 7101 (what we want).

· Uses flat 200 kHz array.

2. Deliver Reson 7100 in January 2002

· Includes new 100/200 kHz receive array conformal to 21” diameter AUV (what we want).

For us, this plan means that:

· Reson’s new-generation, low power electronics will be completed by next summer.

· We would take delivery of the first 7100 receive array.

· There may be an opportunity for cost-sharing of Bluefin development costs. Note that these costs are currently estimated at $88k, so splitting these costs might save us, at most, about $44k.

Reson will be providing us with a new proposal for the Reson 7100 multibeam on Monday. This proposal will be up to date on the technical issues and will include a development schedule. The prices will not change from those previously quoted. Reson remains comfortable committing to a delivery by December 2001. The Reson proposal document will be available in dropbox\caress.

To summarize the current situation:

· Reson is committed to developing the Reson 7100 multibeam for us even if Racal does not buy any.

· Reson is quoting delivery of the Reson 7100 to us by December 2001.

· Racal is likely to purchase the Reson 7100 after all.
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