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C.
Project Summary

Scientific Fishery Systems, Inc. (SciFish) proposes the development of a passive broadband acoustic system that can detect and potentially identify a variety of crustaceans.  Crustacean sound production has been noted for centuries, but has been little studied. The bulk of the studies conducted to date have been on various species of lobster and are dated.  However, they indicate source levels between 116 and 180 dB//(Pa.  The advent of towed acoustic array technology places these acoustic levels well within the detectable range, since the array can be placed in a significantly lower noise regime, away from the tow vessel and below the primary thermal gradient.  This technology has been within the  proprietary realm of oil exploration and naval communities for over 30 years.  The annually increasing processing capability of the desktop and portable computer with relatively inexpensive Digital Signal Processing (DSP) boards, places a computational capability to perform real-time analysis at sea of the received signals.  By combining this technology with SciFish’s existing capability for fish identification utilizing broadband signatures, the risk in this proposal lies with determining the various signatures and the animal’s associated behavior.   SciFish has demonstrated over 80% classification accuracy on fish utilizing our broadband sonar.

COMMERCIAL POTENTIAL

This project will result in a product with a world-wide market potential.  Many nations recognize the importance of accurate stock assessments and an efficient mechanism to maintain a harvest.  At a cost of $100,000, a not unrealistic goal, this system would be within the reach most crab fishing fleets and monitoring agencies.  SciFish feels it will be possible to produce a return on investment that justifies the purchase of this product within three years.
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D.
Identification and Significance of the Problem or Opportunity

The Problem.  Populations of commercial crab species undergo repeated but unpredictable cycles of abundance.  Alaskan King and Tanner crab are now at historical low levels, and no new recruitment is evident.  Dungeness crab on the U.S. west coast have peaks of abundance at 10-12 year periods, separated by periods of low abundance.  King and Tanner crabs are highly aggregative, and are poorly sampled by stock assessment surveys which are conducted on systematic grid patterns, and may only sample 1/32,000 of the bottom area in a given region.  Crab fisheries are managed by total fishery quotas, leading to high vessel competition (derby style fishing).  Highly unstable populations, coupled with the inability to easily locate crab concentrations, leads to high variability in abundance estimates.  This results in inefficient fishing strategies, personnel hazards in dangerous sea conditions, and adversarial relations between fishermen and management agencies.

The Opportunity. Possession of a tool that would provide accurate stock assessment and permit timely, efficient harvest would resolve these issues by identifying believable sustainable yields and harvestable populations.  SciFish believes that there is sufficient sound generated by crustaceans to be detected by current technology.  The recent motivation to migrate military technologies into the commercial realm permits additional strength in processing capability and availability hardware.  SciFish has these necessary technologies of sonar experience and advanced processing.  In addition, SciFish has been in contact with Dr. Bradley Stevens, NMFS Kodiak crab authority, who has consented to work with us on this effort.  Dr. Stevens will provide access to both captive and open-water crabs of at least 2 commercially important species; Alaska King and Tanner crabs.  SciFish will also work with the Alaska Crab Coalition to examine practical aspects of the proposed system.


Figure 1.  Passive Crab-finding System Concept
The Proposal.  Scientific Fishery Systems, Inc. (SciFish) proposes the development of a passive broadband acoustic system that can detect and potentially identify a variety of crustaceans (Figure 1).  Crustacean sound production has been noted for centuries, but has been little studied.
  The bulk of the studies conducted to date have been on various species of lobster
,
,
 and are dated.  However, they indicate source levels between 116 and 180 dB//(Pa.  The advent of towed acoustic arrays technology places these acoustic levels well within the detectable range, since the array can be placed in a significantly lower noise regime, away from the tow vessel and below the primary thermal gradient.  This technology has been within the  proprietary realm of oil exploration and naval communities for over 30 years.  The annually increasing processing capability of the desktop and portable computer with relatively inexpensive Digital Signal Processing (DSP) boards, places a computational capability to perform real-time analysis at sea of the received signals.  By combining this technology with SciFish’s existing capability for fish identification utilizing broadband signatures, the risk in this proposal lies with determining the various signatures and the animal’s associated behavior.   SciFish has demonstrated over 80% classification accuracy on fish utilizing our broadband sonar. 

During Phase I, data will be collected near Kodiak, Alaska in conjunction with  Dr. Bradley Stevens, NMFS/Kodiak.  This data will be used to characterize the sound generation by some commercially important crab species.  Dr. Stevens is currently studying both Tanner and Alaska King crab from Chiniak and Womans Bays, and has graciously agreed to work with SciFish on this effort as an in-kind contribution.  Dr. Stevens observations have shown that female Tanner crabs aggregate in specific areas which are used traditionally, over many years (at least 5).  Males are attracted to these aggregations during spring mating periods.  While crabs do not have specific hearing sensors, they do respond to sounds.1  It is possible that these attractions are in response to sounds being generated by the females.  This hypothesis will be tested during Phase I using a single hydrophone located near the aggregated or captive crabs.  Analysis of the acoustic data will be required to identify the bandwidth and levels produced by the animals and to associate those sounds with their behavior.

Using the results of the hydrophone data, theoretical analyses will be used to evaluate the performance of the proposed long-range detection system.  After consultation with the crab fleet to fold in the requirements of deployment capability and work on existing craft, a design will be finalized.  Finally, a thorough analysis of the market will be conducted, resulting in both a marketing plan and a business plan.

The Benefits.  Current stock assessment techniques require the collection and analysis of samples along some pattern.  Much more comprehensive coverage will now be possible, resulting in more accurate stock assessments and a better understanding of the population dynamics to maintain sustainable levels.  Use of the system by fisherman will result in reduced fuel costs by the ability to vector onto concentrations of mature animals, reducing search time and allowing a more efficient operation.

Prior Experience.  SciFish has been quietly developing broadband sonars for fisheries applications since 1993.  In 1994, SciFish was awarded a patent
 for the utilization of broadband acoustics for the identification of aquatic life.  In 1995, SciFish built and tested their first broadband system and have since conducted several data collection exercised in both fresh water (Lake Michigan) and marine (Prince William Sound, AK) environments.  In 1996, SciFish designed the next generation of the broadband fish identification system, and in 1997 it will be built and tested.  Only recently has SciFish conducted enough research and design to ensure a technological lead in this area, allowing them to publish the results of this work without compromising their considerable investment.  Articles are now being prepared for submission to the leading journals and conferences in the area of fisheries hydroacoustics.  The Principal Investigator for this project has been working in military sonars for over 18 years.  The Senior Investigator has over 10 years experience in Signal Processing, Neural Nets and sonars.

During Phase II, a towed-array system will be constructed based on the Phase I design.  The resulting system’s performance will be extensively characterized in a series of sea trials conducted in Alaska and on the West Coast.  A production sonar system will be designed using the results of these sea trials.  Investors will be actively sought for the introduction of the product.
The Commercial Potential.  This project will result in a product with a world-wide market potential.  Many nations recognize the importance of accurate stock assessments and an efficient mechanism to maintain a harvest.  At a cost of $100,000, a not unrealistic goal, this system would be within the reach most crab fishing fleets and monitoring agencies.  SciFish feels it will be possible to produce a return on investment that justifies the purchase of this product within three years.

E.
Background and Technical Approach

E.1
Background

The following background sections lay the groundwork for the Phase I Work Plan that follows.  First (§E.1.1) determine the expected source levels and frequency in described in the literature.  Next (§E.1.2), examine any deployment, acoustic propagation or self noise conditions. Lastly (§E.1.3), SciFish describes some preliminary analysis that have been conducted to mitigate risk.

E.1.1
Acoustic and Behavioral Characteristics of Crustaceans

Lobsters.  Stridulatory sounds produced by (spiny or rock) lobster have been reported since the 3rd Century A.D.
, and characterized more critically in the late 1800’s
.   In the 1950’s, Moulton measured sequences of pulses generated by P. Argus up to 250 mS long in the .5 to 3.3 kHz band
, and identified the mechanical motion of the antenna rasping on plates as the mechanism and that 3 types of sounds were emitted by the animal in response to behavioral queues.  Hazlett and Winn
 measured pulses only to 113 mS, and frequency range 85 Hz to over 12 kHz, with the major energy in 100 to 4 kHz band.  Fish
 analyzed several sounds, but characterized all in the 100 to 500 Hz frequency region at levels of 16 dB//(Bar (116 dB//(Pa).  Later Mulligan and Fischer
 characterized similar “rasping” sounds in the 2 to 5.5 kHz region and had clipped measurements at 80 dB//(Bar (180 dB//(Pa).  Note that the clipped signal indicates insufficient dynamic range to their measurement system, with the potential for some smearing of the frequency content as well as missing the peak levels.  Also note that the 180 dB level is comparable to that measured from snapping shrimp and also of dolphin (tursiops tuncatus) at 187 dB while stunning prey.

Crabs.  Fringe’s suggestion that sounds are most likely produced by animals that aggregate, and most likely used for communication relative to reproduction fits squarely with observations of crabs.
  King crabs aggregate all of the time and Tanner crabs aggregate during mating.  Fishermen have long observed significant noise produced by captured King crabs on the deck of a fishing vessel.  This noise is produced from the crabs rubbing together.  It is one of the objectives of this study to determine if similar sounds are produced underwater.  Dungeness crab have been reported to have similar spectral content and source levels as lobster. Little other work has been done in this area.

E.1.2
Broadband Sonar System Design Considerations

Noise Suppression.  Hull mounted sonars operating passively have several severe constraints: flow noise in the near surface zone, coupled noise from on board equipment and near-surface thermal structure.  Submarines have long exploited these features, and Naval surface sonars for the past several years have included Variable Depth Sonars (VDS) such as the AN/SQS-35, and towed-arrays, such as the AN/SQR-19 to attempt to rectify this problem.  These types of systems have been expensive, required trained personnel to operate and were designed to look for submarines.  However, they did work, and gave the surface ship more of a chance against the submarine.  Utilizing a towed array for fisheries work can provide the same advantages of decoupling the sensor from the surface noise and the tow vessel self noise.  The design must deal with 2 other noise considerations, as well as operating in the proper frequency range and sensitivity to perform its task: flow noise, and exploitation of the non-isotropic noise field.

Flow noise will, of necessity, be a design problem.  The standard towed array in military or oil work consists of a sequence of elements spaced at (/2 for the upper frequency of interest, placed in a flexible tube filled with mineral oil.  This array is connected to the ship by means of a multi-conductor, armored, faired cable.  The frequency range can be broadened, and element count reduced, by co-locating several octave bands and using some elements in several bands.  This allows for maintenance of somewhat constant gain over a wide frequency range.




Figure 2.  Vertical Ambient Noise Distributions

Array gain is usually computed against an isotropic noise field.  This condition exists in the ocean, however this field is often non-isotropic in specific frequency regions, and in different geographic locations.  Often, the low frequency section is dominated by distant shipping and storm generated noises (Figure 2a.) resulting in arrivals within (15° of horizontal.
  Another common noise source is surface generated noise, usually considered dominant in the 1-10 kHz region.  This is characterized by a vertical directivity pattern (Figure 2b.) with a broad angular sector with high levels looking upward, a smaller sector looking downward reduced in intensity by about 10 dB (the bottom reflection), and a notch near horizontal, sometimes as deep as 50 dB.  This distribution is due to the local nature at this frequency, from the higher absorption of these frequencies leading to little convergence zone type propagation.  Thus a downward looking towed array would have, at minimum, a 10 dB noise advantage over a conventional towed array with planar or conical shaped beams, and considerable gain over the omni-directional hydrophone found in hull mounted systems.  It must be cautioned that specific vertical distributions are a function of location (geographical and in the water column), season, and shipping activity.  Typical omni-directional ambient noise level curves
 display this information as elevations of the minimum noise level from successive sea state levels.

Hardware/Software Development.  A standard array, tow cable, and winch are off-the-shelf items that will be formally designed in Phase I.  Issues such as beamforming and digitizing at the array, vice bringing all individual elements to the surface, are system level design parameters which are standard sonar developments and represent little risk.  SciFish will utilize a significant portion of novel existing display and classification system as modular components.  Ongoing work with the broadband fish identification system, has resulted in a current functional system capable of examining and classifying active returned signals to identify commercially important fish species.

If it is deemed useful to discriminate against surface and/or convergence zone propagated energy, some new design effort and testing will be required for this type array.  Two potential methods are immediately available: doubling the elements with vertical stacking and summing to achieve an end-fire type array pointing downward at the element level (or using small line arrays oriented vertically and phased or lensed to look downward), or positioning a compliant layer over the array to block out the surface contribution.  Studies of the fluid dynamics and resultant flow noise, as well as fluid dynamic stability “in -flight” would be required to assure the performance gain is achievable in the intended environment.

E.1.3
Results of Preliminary Analysis

The following Table 1 describes potential system performance given the loose assumptions available in the literature: a single crab might generate sounds of 116 dB//(Pa, the ensemble of N (=10,000) animals generate levels of the individual + 10 log10(N) (=156 dB), detection range is 5 Km, omni-noise levels are consistent with sea state (SS) 2, nominal array gains of 10-11 dB (can be done over this frequency range with a 23 element nested array), the array can be placed outside of the tow-vessels noise signature, and a 10 dB advantage in just looking down vice no vertical discrimination.

This simple analysis indicates that, while individuals would be difficult to detect, aggregates should be well within the range of basic energy envelope detection methods, even with no vertical discrimination.  In fact, increasing the range to 15 Km results in an additional  9.7 dB signal loss at 500 Hz, 10.4 dB at 2 kHz and 12.1 dB at 5 kHz.  This means that a survey vessel could examine a 28 Km swath in 5 Km deep water with at least 20 dB SNR.  The speed of this survey, of course, needs still to be determined as a characterization of the towed-array.  In the submarine world, additional signal processing methods would still be needed to obtain a positive SNR, let alone have sufficient information for classification.

Table 1.  SNR analysis of Towed-array performance

Source Level

Frequency

TL
NLA
(Omni)

Array Gain
Signal Level
SNR
(Omni)
SNR

(Down)

116 dB
500 Hz
74.1 dB
61 dB (SS 2)
10 dB nom.
41.9 dB
-19.1 dB
-9.1 dB

156 dB
500 Hz
74.1 dB
61 dB
10 dB
81.9 dB
+20.9 dB
+30.9 dB

116 dB
2000 Hz
74.4 dB
55 dB
11 dB
41.6
-13.4 dB
-3.4 dB

156 dB
2000 Hz
74.4 dB
55 dB
11 dB
81.6
+26.6 dB
+36.6 dB

116 dB
5000 Hz
75.2 dB
48 dB
11 dB
40.8 dB
-7.2 dB
+2.8 dB

156 dB
5000 Hz
75.2 dB
48 dB
11 dB
80.8 dB
+32.8 dB
+42.8 dB

E.2
Technical Approach

The Phase I project is organized into a set of tasks corresponding to natural divisions of effort.  The first task focuses on the characterization of crab sounds.  Based on those results, design of a towed-array passive sonar system becomes the second task.  Market analysis and technology transfer tasks are also included.  The following sections describe what will be accomplished in each task area.

E.2.1
Task 1: Crab Signature Characterization

During Phase I, signatures will be obtained in-situ with a hdyrophone for at least 2 crab species, Tanner and Alaska King.  These measurements need to be taken with observations of animal behavior and with consideration to reproductive cycles.  The laboratory measurements can be made at the NMFS Kodiak facility with cooperation with Dr. Bradley Stevens.  NMFS scientists have characterized the habitat and crab population in Womans Bay, Kodiak, with several tagged king crabs that can be located at any time, and are often associated with pods.  Characterizations need to include at least 4 types of behavior: quiescent podding, pod dissipation, active foraging and pod formation.  As time and seasons permit, it would be helpful to monitor mating aggregations.  Signature information will include at least: spectrum and level for individuals and for groups.

E.2.2
Task 2: Design Towed-Array System

During Phase I, the towed-array system will be designed and reported in the Phase I Final Report.  System deployment options will be explored, as well as processing and classification schemes.  The system will specify each of the following elements:

· Array Configuration.  The number of transducer elements, their configuration, and their associated cost will need to be defined.  Three configurations will be explored:

1. Classic single line array, consisting of a single string of hydrophones, gains of ~10-12 dB over isotropic noise

2. 2-D array, higher cost but provides better noise rejection and greater gain, slightly more complex processing required.

3. Compliant tube backed array, somewhat higher cost and possibly good rejection of surface noise, may present deployment difficulties and added flow noise.

· Assessment Speed.  The speed that will be required to adequately cover a given area.  Issues that will be addressed include the following:

1. How much integration time is required?

2. What are self and flow noise constraints?

3. What are the limits on tow speed and maneuverability of the vessel?

· System Deployment. Deployment options will be considered, including the following

System issues being addressed:

1. Configuration: i.e. portable or permanent installation?

2. Data be storage capacity and retrieval.

3. System operation time.

4. Seasons and sea-states of operation

The towed fish issues being :

1. Deployment scenarios/difficulty.

2. Power requirements and sources.

3. Data storage/retrieval, i.e. transmitted up a cable or held in-situ? 

4. Tow fish control mechanics and tow speed

5. Estimates of flow and vessel noise.

· Data Storage and Post-Storage Analysis.  The user interface of the system will need to take several factors into account, including:

1. How will the system report its results?  Printout? Diskette download?  Computer download?  Direct readout?

2. What type of long-term storage should be provided?  PC link?  Diskette only?

3. Should additional analysis functions be provided?  Use GIS formats (e.g. Arc/Info)?

E.2.3
Task 3:  Design Processor

The signal processor will be the software responsible for extracting signatures from a array data, classifying the signature, storing the classifications (with location), and storing this data for later analysis.  These steps processing steps are shown below in Figure 3.  Some of the signal conditioning functions, i.e. beamforming, filtering and FFTs may be done in the instrument package at the array.  This decision is one of cost vs. versatility, as the individual elements would not require their own line driver and signal cable.  Also, having a smaller signal cable reduces drag, allows for a smaller winch, and in general reduces system cost.  The decision will remain one of system design for Phase I, as with necessary filter constraints, and array power.  

The classification scheme will be a relatively minor modification of SciFish’s broadband fish identification system, already established and in testing now.

During Phase I, the following software functions will be designed and reported in the Phase I Final Report:

· Feature Extraction.  Various methods of feature extraction will be examined, including spectral and cepstrum analysis, wavelets, and energy analysis.  A set of features will be selected and justified.

· Species Classification.  Various methods of classification will be examined, including traditional classification approaches and neural networks.  A classifier will be selected and justified.

· Geo-Tag Classification.  The time and location of the detections will be paired with its classification for long-term storage.

· Location (GPS).  A locating device will be used to produce a location for the contact.

· Classification Storage.  The geo-tagged and time-stamped detections will be stored for later analysis.  Several formats for data transfer to spatial analysis systems will be provided to allow rapid analysis and integration of the resulting classifications.




Figure 3.  System Block Diagram

E.2.4
Task 4:  Develop Test & Evaluation Plan

During Phase I, a test and evaluation plan will be developed for use in the field.  This test and evaluation plan will be reported in the Phase I Final Report and will encompass the following three elements:

· Crab Detection Accuracy.  A method for evaluating the accuracy of crab detections and the length distribution estimates will be developed.  This method will then be incorporated into a test plan for the field testing of the system.

· Evaluate Economic Benefit of the System.  Define how the economic benefit of this system can be evaluated using metric such as improved sustainability and reduced bycatch.

· Secure Phase II Development Partner.  A Phase II development partner will be sought.  This partner will assist in the user evaluation of the proposed approach and will allow SciFish to test the system on their vessel during Phase II.

E.2.5
Task 5:  Market Analysis (SciFish Funded)

During Phase I, market analysis will be conducted to determine the full commercial potential of the proposed long-range crab detection system.  This task will be funded completely by SciFish.  The results of this analysis will be included in the Phase I Final Report and will include the following:

· Market Size.  The size of the aquaculture market will be defined.  The emphasis will be placed on the domestic market, with a description of the international market if time permits.

· Market Segmentation.  The market will be segmented into applications (fisheries, dredging, environmental monitoring) and geographic area.

· Prioritized Targets.  The market segments will be prioritized into a set of targets for the initial product introduction.

· Reaching the Market.  The mechanisms for reaching the target market segments will be defined, including direct mail, magazine advertising, internet, and trade shows.

· Return on Investment (ROI).  Using the economic analysis conducted earlier, a return on investment to the customer will be defined over several product price ranges.

· Sales Projections.  A five-year projection of sales under different product price ranges and ROI scenarios will be developed.  These scenarios will explore the affect a higher priced product (with higher profit margins) will have over a lower priced, but higher quantity, product.

· Secure Financing.  Using the market analysis described above, define the cash flow requirements for the production, sales, and distribution of the product.  Construct a balance sheet to demonstrate a projected return on the investor’s investment, and then initiate a search for the investor(s).

E.2.6
Task 6:  Technology Transfer

Technology will be transferred between SciFish and NSF in three ways:  First, email and telephone will be used to provide progress reports of project status and discuss key design decisions.  Second, a final briefing will be presented at the end of Phase I.  Lastly, a final report will be produced that documents the entire project, including performance evaluation and future design.

In addition to technology transfer between SciFish and NSF, by working directly with the NMFS scientist, Dr. Bradley Stevens, this technology will be immediately available to a portion of the fisheries management community for consideration as a crab stock assessment tool.  It is Dr. Stevens intention to publish, with SciFish, at least one paper describing the results of the acoustic analyses described herein.

E.3
Related Research and Development

E.3.1
Related Work by SciFish

SciFish has a track record of developing and demonstrating innovative new sonar technologies for fisheries applications.  Below are project summaries from four different programs that are related to the proposed effort.  The first project collected the data that was used earlier in this proposal to demonstrate preliminary proof of principle.  The second project is applying SciFish’s existing broadband fish identification system to the identification of bottomfish.  The third project is building the next generation of broadband fish identification system as well as exploring the full potential of the existing system to identify midwater fish stocks.  The last project listed is a recent award for the design of a towed array sonar system that can detect tuna schools within 15 miles of the array.

Collection and Analysis of Broadband Echoes for Species Identification of the Major Pelagic Fishes in Lake Michigan, National Biological Service, 1 June 1996 to 31 October 1996, Order No. 84080-6-0584.  Data collection and processing of broadband echoes from Great Lakes fish was performed.  A joint National Biological Service (NBS) and Scientific Fishery Systems, Inc. (SciFish) two week data collection effort was conducted from July 21, 1996 through August 3, 1996.  During the two week collection period and the two months immediately following, the data was processed to determine the species classification results.

Automated Broadband Bottomfish Identification, Phase II SBIR, Dept. of Commerce, 9 September 1996 to 8 September 1998, Contract No. 50-DKNA-6-90140.  Scientific Fishery Systems, Inc. (SciFish) is continuing the development of an automated broadband fish identification system that will be a significant bycatch reduction tool for commercial fishers and a cost-effective resource assessment tool for fisheries managers.  In Phase I, a prototype broadband system demonstrated between 68% and 88% correct species classification between halibut, rockfish, and the bottom.  The primary objective of Phase II is to characterize the classification performance of this fish identification approach using seventeen species of bottomfish.  In addition, dead zone processing, improved classification accuracy, and sensitivity analysis will be explored.  At the conclusion of Phase II, SciFish will produce a report that will include a complete characterization of the classification accuracy and sensitivity.  In addition, the final report will include a thorough production prototype specification.  These Phase II results and specification will be embedded into a business plan that will, in turn, be used to secure investors for Phase III production.

Defense Conversion to the Fisheries (Broadband Sonar Fish Identification), Phase II SBIR, National Science Foundation, 1 August 1996 to 31 July 1998,  Award No. DMI-9503656.  Fisheries has become an increasingly more significant food source.  Currently, 30% of the protein consumed by Americans comes from the sea and this percentage is growing.  Over the past decade the fisheries have experienced more regulation because of bycatch, overcapitalization, and marine mammal endangerment.  Because of increased regulation, the scrutiny on commercial fishing and fisheries management has become intense.  As a result of these changes, techniques that can automatically and non-intrusively detect, classify, and quantify fish populations are of interest to all segments of the fisheries.  This project applies defense technologies to the automatic identification of fish to species using broadband acoustics, spectral decomposition of returns, and nonlinear fuzzy neural network classifiers.  During Phase I, preliminary results using freshwater narrowband data demonstrate over 90% correct classification of fish to species.

The first generation broadband fish identification system was built under funding from the Alaska Science and Technology Foundation.  During Phase II, the performance of this system will be fully characterized for a broad range of midwater fish in both marine and freshwater environments.  Simultaneously, a second generation production prototype of the broadband fish identification system will be built and tested.  This next generation system will operate to twice the depth, cover twice the frequency range, and provide target strength estimates through the incorporation of a dual beam design.

Long Range Tuna School Detection, Saltonstall-Kennedy Grant, Department of Commerce, NOAA, National Marine Fisheries Service, 1 April 1997 to 30 September 1997.  In the Eastern Tropical Pacific (ETP), tuna fishermen have capitalized on the association between yellowfin tuna and several species of dolphin.  Currently, fishermen locate tuna from direct observation of dolphins, birds, or flotsam (floating objects such as logs or rope) associated with the tuna.  International attention to dolphin bycatch in the tuna purse seine industry has created a need for methods to locate tuna schools that are not in the presence of dolphin.

SciFish proposes the use of sonar for long range detection of tuna schools as a method of locating tuna not associated with dolphin.  This approach employs a high-power acoustic projector coupled with an array of receivers to detect schools of yellowfin tuna at ranges in excess of 30 km.  This project will build upon the recent acoustic modeling work of Nero and Rees to produce a complete engineering prototype design specification and cost estimate.  SciFish will work with San Diego-based tuna skippers to produce a suitable deployment strategy and a reasonable data collection plan for testing the system at sea.

E.3.2
Related Work by Others

There are currently no known systems with this capability, either commercial or as research tools.  This opportunity is therefore a ground-breaking step towards a more efficient fishery.

F.
Phase I Research Objectives

The goal of the proposed Phase I effort is to design a passive long-range crab detection system that will be a valuable resource assessment tool for the fisheries.  There are four objectives that must be met for this project to succeed:

· Crab Sound Analyses.  The sounds generated by different species of crab under different conditions will be collected, analyzed, and characterized.

· Sonar System Design.  A passive towed-array long-range crab detection system will be designed using the results of the crab sound analyses.

· Test & Evaluation.  A test and evaluation plan will be developed for demonstrating the performance of the proposed system once it is built.

· Market Analysis.  Using the test and evaluation results and the projected cost of the fish length assessment system, determine the return on investment for a given aquaculture facility.  Assess the size of the market, segment the market, and define the strategy for reaching various segments with the new product.

· Technology Transfer.  Progress reports will be provided to NSF through regular reporting, a briefing, and a final report.  In addition, close coordination with the NOAA/NMFS will allow this technology to be directly transferred to this agency as well.  A paper describing the results of the crab sound analyses will be submitted for publication.

Phase II Objectives.  At the end of Phase I, this project will have a complete long-range crab detection system design, including deployment options, sonar system design, and echo processing.  From this foundation, the following Phase II objectives are anticipated:

· Build the long-range crab detection system, including procuring the necessary components, integrating the components, writing the necessary software for data acquisition, storage, signal processing, localization, detection, and biomass estimation.

· Conduct several controlled field experiments to verify the full functionality of the system design, with specific emphasis on the accuracy of the crab detection range.

· Evaluate performance for at least three different crab species: king, tanner, and Dungeness.

· Identify potential (or realized) production bottlenecks.

· Design the production system that will be built and sold commercially.

· Secure the capital needed to move this product into production.

Phase III Objectives.  In Phase III, the long-range crab detection system will be marketed and sold domestically.  An analysis of international sales will be conducted.  Infrastructure will be put in place to handle sales, distribution, maintenance, and engineering.

G.
Phase I Research Plan

This research program is organized into 6 task areas to occur over a 6 month period per the following task schedule.  Program milestones are a project kickoff, mid-project progress briefing, and a final report containing the detailed responses to the requirements outlined in the research objectives.  The description of what will be accomplished by each task is included in the previous section (§E.2).  The schedule for these tasks is outlined in Figure 5.  The total duration for this effort is six months.









Months

  Task




1
2
3
4
5
6


1. Characterize sources


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


2. Design Sonar System
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3. Design Processor
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4. Test & Evaluation Plan
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5. Market Analysis (SciFish Funded)




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


6. Technology Transfer
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Figure 4.  Schedule of Tasks

H.
Commercial Potential

Crabs are a boom or bust fishery because of changes in the populations and uncertainty in their locations.  Since high profits are possible, any tool that makes this process more efficient or reliable has an automatic niche.  During Phase I, there are several areas that will be included in the aforementioned market analysis, including:

· Stock Assessment.  There is a growing need to have timely and accurate knowledge of populations and population dynamics for efficient fisheries management.  The proposed assessment tool would have a sizable market worldwide for crustacean stock assessment.  Countries with a vested interest in improved crustacean stock assessment include the United States, Canada, Japan, China, Norway, Russia, Australia, New Zealand, and the South American Nations near Antarctica.  It is envisioned that the market size for a stock assessment tool could be near 1,000 worldwide.

· Commercial Fisheries.  Commercial fishermen use bottom type as a strong indicator for bottom fish habitat.  Sales of RoxAnn and QTC-View at the past two Fish Expos indicate there is a market here.  Adding the proposed tool to a fisherman’s search capability has significant market potential.  The current best estimates are for 100,000 fishing vessels over 200 ton world wide.  It is estimated that at least 5%, and possibly as many as 10%, of these vessels are involved in a crustacean fishery.  As an example, there are 350 vessels that commercially fish for opilio tanner crab each season in Alaska.  This represents approximately 25% of the fishing fleet over 200 tons.  As such, a reasonable estimate of the worldwide market size for this tool would be between 5 and 10 thousand vessels.

Combined, the size of the market for the proposed long-range crab detection system is at least 6,000 units.  At $100,000 per unit, our projected sale price at this time, this represents a $600 million dollar market.  Capturing just 1% of that market represents the true commercial potential for the proposed system.

I.
Key Personnel and Bibliography of Directly Related Work

The principal investigator for this effort will be Gerald F. Denny.  Denny  has been responsible for the software and hardware development for a previous broadband subbottom profiling system (now the basis system for DataSonics), as well as a principal engineer in the development of a Near-Field Acoustic Holography Target Strength system, and numerous projects at other facilities over the past 18 years.  Denny will be responsible for project management and the system deployment design, sonar system design, and performance characterization.  A brief resume for Denny is included below.

Assisting Denny will be Patrick K. Simpson.  Simpson holds the patent for the broadband acoustic identification of aquatic life forms, he led the design and development of both of SciFish’s broadband fish identification systems.  Simpson is also the lead investigator for the design and development of the towed array long range tuna school detection system that was recently funded.  Simpson will be responsible for upgrading the processor system, technology transfer tasks and market analysis tasks.  A brief resume for Simpson is included below.

I.1
Gerald F. Denny, Principal Investigator

Gerald Denny has eighteen years of ocean systems engineering experience and is the latest member of the SciFish staff.  Denny specializes in underwater acoustic systems from design through development,  and  test with experience in production support, as well. Mr. Denny’s experience is as follows:
Scientific Fishery Systems, Inc.  (1997 - Present) Engineer II. (Acoustic Fisheries Systems Development)
Chapman University Silverdale, WA  (1995 - Present) Part-Time Adjunct Professor (Oceanography)

SEMCOR/SEACOR  Bremerton, WA  (1994 - 1997) Senior Systems Analyst  (1996 - 1997) and 

Electrical Engineer/Technical Writer (1994 - 1996) (Distributed Advanced Combat Display Systems Testing and Evaluation)

West Sound Associates  Bremerton, WA  (1989 - 1993) Associate/Systems Engineer (Nearfield Acoustic Holography System Development, Environmental Assessment of sound on aquatic fish, Environmental Acoustics)

Honeywell Marine System Division (currently Hughes Marine Systems)  Mukilteo, WA  (1982 - 1989) Senior Acoustic Systems Engineer  (1987 - 1989) and Electrical/Acoustic Test Engineer (1982-1985) (Environmental Acoustics, Systems Engineering, Software Engineering, Transducer and Systems Testing)
Education

M.S. Ocean Engineering, Univeristy of Rhode Island, Kingston, RI, 1982

B.A. Applied Physics and Information Science, University of California, San Diego, at La Jolla, CA, 1975

Selected Publications

Denny has authored or co-authored technical papers and white papers on the subjects of subbottom profiling, near-field acoustic holography and environmental assessment.  A complete resume will soon be available off SciFish’s homepage at www.alaska.net/~scifish.  Denny is a member of IEEE (OE and ASSP sections) and the Acoustical Society of America.

I.2
Patrick K. Simpson, Associate Investigator

Simpson has a diverse background in signal processing, pattern recognition, and acoustics.  Positions at Ball Systems Engineering Division, General Dynamics Electronics Division, Accurate Automation, Inc., and ORINCON, Inc. have stressed a strong mix of project management, technical leadership, and engineering.

In 1993, Simpson founded Scientific Fishery Systems, Inc. to migrate technology from defense to fisheries applications.  Since then, Simpson has lead the design and development of two broadband sonar systems and their application to fish species identification and temperature profiling.  Simpson will also be leading the development of a long-range tuna detection system that is being designed in 1997.

Experience History
(1993 - Pres.)
Scientific Fishery Systems, Inc., Founder and President
(1990 - 1995)
Applied Technology Institute, Instructor
(1992 - 1994)
ORINCON, Principal Engineer & Consultant

(1992 - 1994)
SeaWay Technologies, Consultant
(1991 - 1992)
Accurate Automation, Inc., Chief Engineer
(1988 - 1991)
General Dynamics Electronics Division (GDE), Engineering Specialist
(1987 - 1990)
University of California at San Diego Extension, Instructor
(1987 - 1988)
Ball Systems Engineering Division, Member of Technical Staff
(1986 - 1987)
UNISYS Corporation (Sperry), Member of Technical Staff

(1985 - 1986)
San Diego State University Foundation (NOSC), Data Analyst

(1974 - 1986)
Commercial Fishing on Family Boats, Crew & Captain
Education

B.S. Computer Science, University of California at San Diego, 1986.

Editor Positions

Editorial Board
The Journal of Neural Network Computing (1989 - 1991)

Associate Editor
IEEE Trans. on Neural Networks (1991 - 1994)

Associate Editor
Australian Journal of Intelligent Information Processing (1994 - Present)

Guest Editor
Special Issue on Neural Networks for Oceanic Engineering, IEEE Journal of Ocean Engineering, Fall 1992.

Patents

1. Acoustic method and apparatus for identifying human sonic sources, U.S. Application Serial No. 07/658-642, filed 2/22/91, continuation filed in March 94.

2. Active broadband acoustic method and apparatus for identifying aquatic life, Patent No. 5,377,163, Date of Issue 12/27/94.

Selected Publications

Simpson has written two books, edited two others, and published numerous chapters, articles, reviews, papers, white papers, technical reports, and abstracts on topics that include pattern recognition, the application of intelligent systems to signal processing problems, and the development of intelligent decision aides.  A complete resume is available off SciFish’s homepage at www.alaska.net/~scifish.

J.
Consultants and Subcontracts

Dr. Bradley Stevens will be assisting SciFish on this effort at no cost to the project.  Dr. Stevens has been a crustacean biologist and ecologist for 18 years, the last 10 with NMFS in Kodiak.  He is a recognized authority on crab reproduction and mating behavior and has published scientific articles on every species of commercially important crab in the North Pacific including Dungeness, Tanner, king, and hair crab.  A longer version of Dr. Stevens resume can be found below.

Dr. Stevens will provide this project with the biological and geographical information of the crab that will be studied.  He will be instrumental in collecting acoustic signature data from wild crabs in the field for system testing and verification.  It is Dr. Stevens intent to submit these results of the acoustic analyses for publication in a peer-reviewed journal.

In-Kind Consultant - Bradley G. Stevens, Ph.D.

Dr. Stevens is a Fishery Biologist with the National Marine Fisheries Service, and Adjunct Faculty at Kodiak College, Univ. of Alaska.  For most of his professional career, he has studied the biology and ecology of commercial crab species.  Since 1991 he has focused his activities on reproduction and mating behavior of Tanner crabs, using scuba, submersibles and remotely operated vehicles (ROV's).  In 1991 he discovered the aggregative mating behavior of Tanner crabs.  Since then he has actively promoted the development of remote assessment tools, and has worked with side-scan sonar and underwater laser scanning systems.

Dr. Stevens has a long history of working on practical implications of technology to fisheries including dredging, effects of discarding bycatch, and ocean dumping of seafood wastes.

Education

· Ph.D. Fisheries, 1982. School of Fisheries, Univ. of Washington, Seattle, WA.

· M.S. Marine Biology, 1977.  The College of Charleston, Charleston SC.

· B.S. Biology, 1973. Univ. of Cincinnati, Cincinnati, OH.

Positions Held

· 1984 -    Present:  Fishery Research Biologist (GM-13).  NMFS, Kodiak, AK. Conducts annual  stock assessment of king and Tanner crab population status.  Conducts and supervises research and modeling studies on life history, growth, reproduction and behavior of crustaceans.  Recently completed 1-yr. cooperative research assignment in Hokkaido, Japan, studying habitat preference and settling behavior of juvenile king crabs.

· 1985 -    Present:  Adjunct Faculty, Kodiak College, Univ. of Alaska.

Relevant Scientific Publications:

1. Stevens, B. G., and J. Kittaka. 1997.  Postlarval settling behavior, substrate preference, and time to metamorphosis for the red king crab (Paralithodes camtschaticus) and the Hanasaki-gani (P. Brevipes).  Mar. Ecol. Prog. Ser. (Submitted).

2. Stevens, B.G. 1996. Crab Bycatch in Pot Fisheries. Pp. 151-158 in Solving Bycatch: Considerations for today and tomorrow. Alaska Sea Grant Program Report No. 96-03, University of Alaska Fairbanks.

3. Stevens, B. G., J. Haaga, W. E. Donaldson, and S. A. Payne. 1996.  Reproductive conditions of prespawning female Tanner crabs, Chionoecetes bairdi, in Chiniak and Womens Bays, Kodiak, Alaska. Pp. 349-354 in High Latitude crabs: Biology, management, and economics. Alaska Sea Grant Program Report No. 96-02, University of Alaska Fairbanks.

4. Haaga, J., and B. G. Stevens.  1996. Fecundity, reproductive conditions, and size at maturity for the Arctic lyre crab, Hyas coarctatus, in the eastern Bering Sea. Pp. 443-444 in High Latitude crabs: Biology, management, and economics. Alaska Sea Grant Program Report No. 96-02,  University of Alaska Fairbanks.

5. MacIntosh, R. A., B. G. Stevens, J. A. Haaga, and B. A. Johnson.  1996.  Effects of handling and discarding on mortality of Tanner crabs, Chionoecetes bairdi.  Pp. 577-590 in High Latitude crabs: Biology, management, and economics. Alaska Sea Grant Program Report No. 96-02,  University of Alaska Fairbanks.

6. Stevens, B. G., J. A. Haaga, and W. E. Donaldson.  1994.  Aggregative mating of Tanner crabs Chionoecetesbairdi.  Can. J. Fish. Aquat. Sci.  51:1273-1280.

7. Stevens, B. G., W.E. Donaldson, J. A. Haaga, and J. E. Munk. 1993.  Morphometry and maturity of male Tanner crabs, Chionoecetes bairdi, grasping pubescent and multiparous females in shallow and deepwater environments.  Can. J. Fisheries and Aquat. Sciences 50:1504-1516. 

8. Stevens, B. G., W.E. Donaldson, and J. A. Haaga.  1992.  First report of podding behavior in the Pacific lyre crab, Hyas lyratus.  J. Crustacean Biology 12(2):193-195.

9. Stevens, B. G., and J. E. Munk.  1991.  Lateral asymmetry in the thoracic segmentation of a king crab, Paralithodescamtschatica (Tilesius,  1815)(Decapoda, Anomura), from Kodiak, Alaska.  Crustaceana 61(3):317-320.

10. Stevens, B. G. 1990a.  Survival of king and Tanner crabs captured by commercial sole trawls.  Fishery Bulletin 88:731-744.

11. Stevens, B. G.  1990b.  Temperature-dependent growth of juvenile red king crab Paralithodes camtschatica, and it's effects on size-at-age and subsequent recruitment in the eastern Bering Sea.  Can. J. Fish. Aquat. Sci. 47(7):1307-1317.

12. Stevens, B. G., and J. E. Munk.  1990.  A temperature-dependent model for growth of juvenile red king crab Paralithodes camtschatica, in Kodiak, Alaska. pp. 293-304 in B. Melteff (ed), Proceedings of the International Symposium on king and Tanner crabs, November 28-30,  Anchorage, Alaska, USA.  Alaska Sea Grant College Program Report No. 90-04, Univ. of Alaska,  Fairbanks, AK. 

13. Armetta, T., and B. Stevens. 1987.  Aspects of the biology of the Hair crab, Erimacrus isenbeckii, in the eastern Bering Sea.  Fish. Bull. 85(3):523-545.

14. Stevens, B., and D. A. Armstrong.  1985.  Ecology, growth, and population dynamics of juvenile Dungeness crab, Cancer magister Dana, in Grays Harbor, WA, 1980-1981.  Pages 118-134 in Proceedings of the Symposium on Dungeness crab Biology and Management, Anchorage Alaska, Oct. 9-11, 1984.  Univ. of Alaska Sea Grant Publications, Fairbanks, AK, 99701.

15. Stevens, B., and D. Armstrong. 1984a.  Diel activity of an estuarine population of Dungeness crabs, Cancermagister, in relation to feeding and environmental factors.  J. Crust. Biol. 4(3): 390-403.

16. Stevens, B., and D. Armstrong. 1984b.  Distribution, abundance, and population size of Dungeness crab, Cancermagister, in Grays Harbor,  Washington.  Fish. Bull 82(3): 469-483.

17. Stevens, B. 1982.  Distribution, abundance, and feeding habits of Dungeness crab, Cancer magister, in Grays Harbor, Washington.  Ph.D. Dissertation, Univ. of Washington.  213 pp. 

18. Stevens, B., D. Armstrong, and R. Cusimano.  1982.  Feeding habits of the Dungeness crab, Cancer magister, in Grays Harbor, Washington, as indicated by the Index of Relative Importance.  Mar. Biol. 72(2): 135-146.

19. Stevens, B., and D. Armstrong.  1981.  Mass mortality of female Dungeness crab, Cancer magister, on the southern Washington coast.  Fish. Bull. 79(2): 349-352.

K.
Equipment, Instrumentation, Computers and Facilities

Scientific Fishery Systems, Inc. (SciFish), located in Anchorage, AK., is a rapidly growing research and manufacturing company, currently employing more than 6 people and occupying 1,600 square feet of office and laboratory. Since the creation of the company in 1993, sales have grown to $500,000 in 1996 and are expected to be over $750,000 in 1997.

SciFish serves as a showcase for the Small Business Innovation Research (SBIR) program by demonstrating that small business holds the key to future technological growth in the United States. SciFish’s SBIRs have been provided by the U.S. Navy, the Department of Commerce, and the National Science Foundation.  Objectives of the SBIR program, under which SciFish does the majority of its work, include stimulating technological innovation, strengthening the role of small business in meeting government research and development needs, and increasing the transfer of technology from government research and development programs to private sector applications.  As a result of the SBIR programs, SciFish markets its line of Fisheries software products: Fisherman’s Associate and Charter Boat Associate, mapping and planning tools for integrating biological, oceanographic, atmospheric, geographic, and geological information to improve fishing operations.

Facilities.  SciFish’s main facility is located at 6100 A Street, Second Floor, Anchorage, AK.  This location places SciFish close to the a large collection of commercial fisheries, including pollock, salmon, halibut, sablefish, and crab.  The SciFish facility has 1,600 square foot of office space and utilizes approximately 250 square feet of additional dry storage.  A new office is located near Seattle, WA with approximately 150 square feet office space and room for expansion.  This facility lies close to a significant portion of the North Pacific commercial fishing fleet, as well as access to Sea Grant academic facilities.

Equipment.  SciFish currently has several PCs including one large 200 Mhz Pentium-Pro w/ 64 MB RAM and 4 GB hard disk that is used to host MapInfo and Fisherman’s Associate development.  Another of SciFish’s PC’s is a Pentium that hosts an A/D and DSP board that can sample data at 770 kHz, a magneto optical storage device for mass storage, and a CD-ROM drive.  SciFish also has a broadband transceiver capable of transmitting and receiving a variety of signal types to a depth of 50 fathom (100 m).  A second broadband transceiver that will operate from 100 to 190 kHz, provide dual beams of 4 and 15 degrees, and operate to a depth of 200m is currently being built.

Software.  SciFish has a large collection of geographic information system, signal processing, software development tools that support product development, including development environments for Visual C++ and Visual Basic.  SciFish has LINUX installed on a 1.2 GB disk on one of the Pentiums to provide UNIX compatibility.  Also, SciFish runs Windows 3.1, Windows 95, and Windows NT 4.0 on separate platforms.

L.
Current and Pending Support of Principal Investigator and Senior Personnel

Over the summer, Mr. Denny will be involved in the design of the long-range tuna school detection project cited earlier.  This project ends in September 1997.  At that time, Mr. Denny will be working on the broadband sonar fish identification projects cited earlier.  In January 1998, Mr. Denny will be available full-time to work on the effort described herein.
Mr. Simpson is working on three Phase II SBIR projects through the Fall of 1998.  A portion of his time will be made available for this effort should it become funded.
M.
Equivalent or Overlapping Proposals to Other Federal Agencies

There are no similar, overlapping, or equivalent proposals submitted to any other federal agency.  There is no equivalent work currently being conducted at SciFish.
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