2018 Proposal Process – Internal-Only Projects

Submission Deadlines: Phase I – July 19th at 8:00 a.m., Phase II – September 7th

	Project Number:
	901810


	Project Start: Jan. 1,
	2018

	Project Duration (in years):
	1 1


Please indicate if proposal includes requests for any of the following (mark all that apply).

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ship Time
	ROV
	AUV
	Wave Glider
	Mini ROV


Please indicate what type of project is being proposed (mark only one).
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	Feasibility/Scoping

[Less than 100 days effort]
	Development

	Research
	Infrastructure2
	Education
	Time Series
	Institute Initiative


Project Manager
:

Paul McGill
Principal Investigator:
-
Lead Scientist:


-
Lead Engineer:

Craig Okuda

Project Title:

Improved RDF Feasibility
Please indicate percentage of effort on this project anticipated for 2018 toward these three highest institutional goals (percentage total should equal 100%). 

	Goal
	Developing/adapting innovative technologies
	Utilizing developments to explore and understand ocean systems
	Technology/knowledge transfer


	Percentage
	90%
	0%
	10%


1) ABSTRACT (new projects only)
Project Title: 
901810 Improved RDF Feasibility 

Project Manager 
Paul McGill  

Lead Engineer 
Craig Okuda

Project Description: Anyone who has deployed and recovered a seagoing device would agree that one of the highest operational risks is finding the device in the vast ocean. Often an instrument is lost because of the inability to locate it using the radio direction finding (RDF) devices that are available to researchers and vessel operators. MBARI has lost a lagrangian sediment trap, has come very close to losing an LRAUV, and was unable to locate one of the BEDS until it washed up on a beach. All of these assets had radio beacons but couldn’t be located in time. 

The RDF systems currently installed on our ships do not work well with the brief, low-power transmissions from the small VHF beacons we use at MBARI, and we have no ability to get direct bearings on ARGOS tag transmissions. Specialized RDF systems that are capable of reliably tracking ARGOS tags or micro VHF beacons are often very large rackmount systems costing $50k–$75k. They are not feasible for small boat use and much too expensive. Many of those systems are limited to government, law enforcement, or military use and are not even available to MBARI or others in the oceanographic community. 

We propose to leverage microprocessor and signal processing technologies to develop an oceanographic-optimized low-cost device that would assist in the recovery of deployed assets. This first phase would evaluate and test various technologies. 

If testing is successful we would create a preliminary design to allow scoping of the second phase follow-on that would fully develop an open-source, exportable system suitable for use on all of our ships and elsewhere. Creating an open-source design presents an opportunity for MBARI to potentially benefit the entire ocean research community. 

We propose to: 

· Compare the various RDF techniques and select options best for optimization (phase correlation, pseudo Doppler, etc.) 

· Test various RF optimization techniques

· Design and build proof-of-concept system 

· Test and evaluate 

· Preliminary design and scoping of follow-on design 

The ability to locate assets at sea is critical infrastructure and thus applies to all areas of the Strategic Plan and Technology Roadmap.

2) PROPOSAL
a) New Projects
Statement of the problem, why it is important
MBARI does not have the ability to directly direction find or locate many of its valuable at-sea assets because of system compatibility issues and technical limitations of its current RDF equipment.  The various MBARI RDF systems currently installed shipboard are VHF (160 MHz) only and are therefore unable to track ARGOS tags because the ARGOS system is UHF (400 MHz). MBARI’s portable RDF units are UHF/VHF but cannot fix an ARGOS signal because of carrier modulation and insufficient pulse duration.  
The tiny VHF animal tags that are used on the LRAUV and other small assets have very short transmissions around 50 ms (0.05 second).  These transmissions are shorter than the several seconds required for our existing RDFs to get a fix.  For comparison the ROV VHF beacons are 18” long, weigh a kilogram, and transmit at high power for 10 seconds.   
The VHF tags have tiny batteries, allowing only very low power transmitters of less than 50 mW.  The resulting signal strength is very low and the received signal is weak.  Weak signals with poor S/N (signal-to-noise) ratios cannot be fixed with the Doppler or Watson-Watt type RDFs.

The shipboard and portable RDF systems currently owned by MBARI are inexpensive units.  They use either the Watson-Watt or pseudo-Doppler DF technique.  Both systems have issues with brief or low-level signals. Also the ARGOS tag signals are phase modulated with the uplink data, which poses problems for the direction circuits in both types of direction finders.  Because of the inherent design weaknesses of each system they are not suited for location of ARGOS or VHF animal tags.

Consequently, MBARI does not have the ability to directly direction find or fix many of its important and valuable assets because of system compatibility issues and technical performance issues.  Not having the ability to relocate deployed assets is a risk to many of the research programs at MBARI.
MBARI is not alone with the DF availability problem.  Most of the oceanographic community has similar issues so a low-cost solution could potentially have broad use.

How does it relate/contribute to MBARI’s mission and strategic plan?
The ability to locate assets at sea is critical infrastructure and thus applies to all areas of the Strategic Plan and Technology Roadmap
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.)
???
Does it relate to the Technology Roadmap? If so, please describe how. 

(See http://mww.mbari.org/oed/TechnologyRoadmap.pdf.)
See above
Approach to the problem
Buy vs Make?

High-end systems are generally used for SIGINT (signals intelligence and intercept) or other DOD surveillance proposes. They cover an extremely wide frequency range and the highest performance (fast response, high sensitivity/selectivity) units are not available to civilian users.  Wide bandwidth performance drives up cost by as much as 20x.  MBARI does not need wide-band operation because we only track ARGOS and VHF tags.  Limiting the system to specific frequency ranges allows significant economies in the RF hardware.  High-end systems are also physically very large and not designed for shipboard use.  There are many lower cost COTS units that don’t employ optimized receiver topology and/or advanced DF techniques, but these are inadequate for our needs.
We have searched and evaluated the specifications of the available COTS systems from low cost units at $150 to those costing more than $250k.  To date we have been unable to find a COTS combination of narrow band and high performance in a single system that is uses one of the advanced DF techniques. The lack of commercially available off the shelf hardware leads us to propose the development of a custom solution.   
To develop an optimized system we plan to first select a technique or techniques that are most suitable for microcontroller and digital signal processing. Second is to determine the minimum subset of RF system optimizations that will improve the signal in the analog domain. Once a system is selected we plan on developing a lab test to determine if the desired performance can be met.  Based on the results a follow-on project may be proposed.
Publications (from other projects over the last 5 years)

N/A
b) Continuing Projects

If the proposed project includes multiple individual projects, please list each of these projects as a subheading in the proposal. For each subheading, please address the following:

Current status of project and results to date
N/A
Significant changes from previous project proposal 

N/A
Publications based on the results of this project only
N/A
c) New and Continuing Projects: Plans for 2018
Research Activities
N/A
Engineering/technology development

The RF signal reception and detection or front-end is the most important part of a DF system. Optimizing the signal acquisition part of the system with high quality front end filters, low noise amplifiers, IF filters, limiter-amplifiers, antenna geometry and phase detectors is critical for effective DF.  It is also the most expensive and is where all of the affordable units cut costs. We hope to design and test a front end system with the minimum subset of high performance RF section components.

The high cost DF systems in addition to wide band and high speed focus on very high accuracy.  Again this drives up cost significantly.  In order for a vessel to search and locate a transmitter at sea reliable bearing is very important but the bearing accuracy does not necessarily need to be very high accuracy.  Some preliminary work looking at the necessary bearing accuracy to find a transmitter has shown that even with an angle resolution as low as +/-15 degrees is sufficient to locate a transmitter with only a 4% increase in distance traveled to target.
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Based on this, we plan to determine which of the advanced technologies will most easily produce the minimum required signal reliable bearing with the least amount of signal processing.  This will allow us to implement in the lowest cost combination of microcontroller and analog front end electronics.

Field programs (detail ship requirements/deployments/diver requirements)
N/A
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.

N/A
Specific deliverables
1) Prototype system to demonstrate selected RDF technique.

2) Preliminary design and plan for follow-on project to be proposed for 2019.
Milestones (see personnel classification list for staff classification

The proposed project is a feasibility study so is front-loaded in 2018.  Proposals for 2019 will be due on 7/18 so much of the work and analysis for this project must be completed in the first half of 2018.
	2018 Project Start Date: 

1/2/2018
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	1/31
	3/1
	5/1


	7/31


	

	Milestone Description
	COTS review and select best technique
	Preliminary system design
	Construction
of prototype lab system
	Testing and evaluation
	

	Electrical Engineer
	CO 40
PM 40
	CO 100
PM 100
	CO 120
PM 120
	CO 140
PM 140
	CO 400
PM 400

	Software Eng-Embedded
	
	
	
	
	

	Software Eng-Info Eng
	
	
	
	
	

	Mechanical Engineer
	
	
	
	
	

	Mechanical Eng-Division
	
	
	
	
	

	Mechanical Eng-Mfg
	
	
	
	
	

	Associate Engineer
	
	
	
	
	

	Electrical Tech
	
	
	40
	8
	48

	Software Tech
	
	
	
	
	

	Mechanical Tech
	
	
	20
	
	20

	Machinist 
	
	
	20
	
	20

	Divers
	
	
	
	
	


Budget justification
Radio receivers


$2,000
Bandpass filters


$3,000

PC boards



$3,000

Antennas



$1500

Misc cables and supplies

$1,000

Total




$10,500

Project team
Paul McGill, 
Project manager/embedded software
Craig Okuda,
Electrical Engineer

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.
We will utilize B124 (Support Eng lab)
Data storage requirements (see Todd Ruston for assistance)
N/A
Data availability outside project team, uniqueness

N/A
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.

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

N/A
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? 

 No
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. 

None
California Department of Fish & Wildlife

A Scientific Collecting Permit will be required for biological and geological sample collections offshore California (even in Federal waters and beyond), and for many activities in State Marine Protected Areas. Please see Mandy Allen for questions.
Will you be collecting samples that require a permit?

No
Will you be working in a State Marine Protected Area?
No
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.

None
Active Acoustics

We are keeping an inventory of acoustic instrumentation. The current list is posted here: https://mww.mbari.org/resources/2018_Proposal_Process/documents/mbari_acoustic_instruments_2016-08-08_ver_10.pdf. If you have or plan to use equipment that is not already on this list, please be sure to include that information here.

N/A
Risk matrix (development and infrastructure projects only)
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	x
	
	x
	

	Medium
	
	
	
	x

	Low
	
	x
	
	


� This date and number should remain the same for the duration of the project. If your project start date for 2018 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 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 category includes transfer of hardware, know-how, publications, presentations, etc. 


� This number should be the same number you entered on the resource requests for this particular resource.
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