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SUMMARY

Many facets of aquaculture technology have advanced rapidly in the last ten years.  However, most operations have not made similar advances in the techniques for estimating the size of crops in ponds, tanks, and raceways.  The most common techniques (such as weighing netted sub-samples) can result in significant overfeeding or underfeeding of sub-crops if the population size is not estimated correctly.  Research is needed to develop individual measurements so that estimates can be made of variability.  Improper feeding regimes can lead to wide size variability within the same subgroups, which in turn leads to cannibalism and large percentages of unmarketable runt fish.

Scientific Fishery Systems, Inc. proposes the development of a portable broadband sonar fish length estimation system.  This system will exploit the relationship between target strengths at multiple frequencies and the length of a given species of fish.  Preliminary experiements, conducted in preparation of this proposal, have demonstrated better than 90% classification accuracy of this approach -- a significant improvement over existing sonar techniques.

COMMERCIAL POTENTIAL

With a total farm-gate value of $750 million, it is anticipated that the size of this market is quite large.  It is anticipated that the number of units sold per year would range in the low hundreds (100 - 200), with growth to possibly a thousand in an international market.
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A.
Identification and Significance of the Problem or Opportunity

U.S. aquaculture has expanded steadily in the 1980's and 1990's. Production increased from 308.4 million pounds in 1983 to 665.6 million pounds in 1994, while farm-gate value increased from $260.8 million to $751.1 million during the same period. Aquaculture accounts for approximately 181,000 jobs in the U.S. and its total economic impact has been estimated at $5.6 billion annually.

Over 84 percent of the increase in production and 53 percent of the increase in value between 1983 and 1993 was attributable to one species -- catfish; the development of other sectors of U.S.  aquaculture has lagged behind.  Despite recent growth, domestic aquaculture presently supplies only 5.9 percent of the nation's seafood needs.  In contrast, aquaculture worldwide accounted for 17 percent of global seafood harvests. The U.S. is a relatively minor player on the world aquaculture stage and many sectors of the U.S. aquaculture industry are challenged to compete in the global marketplace.  The U.S. ranks only ninth in the world (1993 figures) in the value of its aquaculture products.  Other nations, including China, Japan, Thailand, the Philippines, and Norway, have made aquaculture a national priority with substantial investments in research and development.  Cultivated seafood from foreign nations is capturing a growing share of the U.S. seafood market.  The U.S. now imports nearly $1.5 billion of farm-raised seafood, including virtually all of its Atlantic salmon imports and more than half of its shrimp imports.
The Problem.  Many facets of aquaculture technology have advanced rapidly in the last ten years.  However, most operations have not made similar advances in the techniques for estimating the size of crops in ponds, tanks, and raceways.  The most common techniques (such as weighing netted sub-samples) can result in significant overfeeding or underfeeding of sub-crops if the population size is not estimated correctly.  Research is needed to develop individual measurements so that estimates can be made of variability.  Improper feeding regimes can lead to wide size variability within the same subgroups, which in turn leads to cannibalism and large percentages of unmarketable runt fish.  Technologies to be considered include sonar assessment of fish crops in extensive and intensive systems.

The Opportunity.  Scientific Fishery Systems, Inc. (SciFish) proposes the development of a portable broadband sonar fish length estimation system.  This system will exploit the relationship between target strengths at multiple frequencies and the length of a given species of fish.  Preliminary experiements, conducted in preparation of this proposal, have demonstrated better than 90% classification accuracy of this approach -- a significant improvement over existing sonar techniques.

During Phase I, all facets of the broadband fish length estimation concept, illustrated in Figure 1, will be designed.  As Figure 1 shows, a transducer is rotated around a fixed structure (e.g. a metal pole) while being raised and lowered in an aquaculture pond.  Several deployment options will be considered, including a multi-head fixed side aspect system and a single-head searchlight 



Figure 1. Concept of the Broadband Sonar Fish Length Estimator in an Aquaculture Pond
system.  In addition to a complete deployment, a complete design and specification of the sonar system will be performed.  The echo processing that will produce a length-frequency distribution of an aquaculture pond’s biomass from individual sonar echoes will be defined.  Finally, simulations of both the biological (growth rate) and economic (profit increase) impact of this system will be evaluated using existing aquaculture decision support software.

The Benefits.  This project will directly and indirectly benefit U.S. aquaculture.  This project will directly benefit the aquaculture facilities that employ the proposed length estimation system by improving their yields.  These improved yields will be the result of optimized feeding rates that maximize growth.  As stated earlier, this direct economic impact will be assessed during Phase I.

As a result of the direct impact this project will have on U.S. aquaculture facilities, there will also be an indirect impact on the U.S. aquaculture industry in the following ways:

· Job creation and contribution to long-term economic growth by providing additional expansion capital through higher profit margins

· Decreased pressure on threatened captured species by increasing the aquaculture yields

· Reduction of the U.S. trade deficit by decreasing the level of imported seafood because of larger domestic production

· Continued U.S. leadership in fundamental science and related aquaculture by patenting the proposed method of fish length estimation both domestically and in key foreign countries

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.

During Phase II, the proposed broadband fish length estimation system will be built and tested.  During Phase I, SciFish will secure partners in the aquaculture industry that will support these tests.  In addition, SciFish will look to the aquaculture industry as the first target for Phase III capital investment, with the goal of securing a Phase III letter of commitment for inclusing in the Phase II proposal.
The Commercial Potential.  SciFish has not been able to secure the exact numbers of aquaculture ponds in the U.S. (or otherwise) that would be the first indication of the market potential for the proposed product.  With a total farm-gate value of $750 million, it is anticipated that the size of this market is quite large.  It is anticipated that the number of units sold per year would range in the low hundreds (100 - 200), with growth to possibly a thousand.  If we assume a system cost of $25,000 (a number that has been estimated from SciFish’s prior market analysis with the fish identification systems), this represents approximate annual sales that range from $2.5 million to $25 million.  Using available market reports
 during Phase I, the market potential for the proposed product will be clearly delineated.

B.
Phase I Technical Objectives

The goal of the proposed Phase I effort is to design a broadband sonar system that can automatically determine the total quantity and length distribution of fish in an aquaculture facility.  There are six objectives that must be met for this project to succeed:

· Deployment System.  A method of deploying a (portable) sonar system will be designed that can be calibrated for the pond it will be assessing and provide complete coverage.

· Sonar System.  A broadband sonar system will be designed that provides the information that will be needed for echo processing, yet still remaining low cost.

· Echo Processor.  An echo processing system that converts echoes of individual fish into lengths of fish, then from a set of fish lengths over time into an estimate of the length distribution and biomass of a pond.

· Test & Evaluation.  Evaluate the performance of the fish length identification system and its ability to determine the length distribution and total biomass of an aquaculture pond.  Also evaluate the value of the projected improvement in fish length assessment for a wide range of species.

· 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.  Provide progress reports to DOC through regular reporting, a briefing, and a final report.

C.
Phase I Work Plan

The Phase I Work Plan is organized into three areas.  First, background is provide in some of the key development areas, including fish acoustics and the frequency-length relationship, broadband sonar for fish stock assessment, PVDF transducer material, results of preliminary experiments, and aquaculture decision support software.  Next, the technical approach is described by outlining each of the six tasks that will be performed.  Finally, the task schedule is provided, showing when each of the tasks will be completed.

C.1
Background

The following background sections lay the groundwork for the Phase I Work Plan that follows.  There are four areas that are reviewed.  First (§C.1.1) the relationship between frequency and fish length is described.  Next (§C.1.2), the motivations for using broadband acoustics is reviewed.  Third (§C.1.3) is a quick discussion of a new material (PVDF) that will be evaluated as a strong candidate for the transducer.  Fourth (§C.1.4), SciFish describes some preliminary experiments that have been conducted to determine if the broadband approach for fish length estimation has merit.  Lastly (§C.1.5), a software product entitled Pond is described.  Pond will be used to evaluate the value of accurate length distributions in pond aquaculture.

C.1.1
Fish Acoustics and the Frequency-Length Relationship

Swimbladder Resonant Frequency Vs. Fish Length.  The utilization of sonar for fish size distribution and biomass assessment has been studied in detail.  The primary target for the sonar is the fish’s swimbladder.  Lovik and Hovem
 established a relationship between the resonant frequency of a fish swimbladder and the length of the fish as




(1)

where 

 is the swimbladder resonant frequency (Hz) and L is the length (m) of the fish.  In essence, this relationship is simply exploiting the relationship between the size of the swimbladder and the length of the fish.  This can be seen when looking at the expression
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where 

 is the ratio of specific heats (

 = 1.4 for air), 

 is the ambient pressure = 

 Pa, where z is depth (m) and 

 is the density (

 kg/m3); a’ = 

 is the radius of a spherical bubble of the same swimbladder volume.

Higher Frequency Sources of Backscatter.  As we move from the lower frequencies, where a swimbladder is resonant, toward the higher frequencies, where the proposed system will operate, the fish body structure ad the fish movement begins to play a stronger role in the scattering.  The scattering process has considerable variability because the fish is a complicated scattering object.  Clay and Medwin
 describe the scattering process of a fish with and without swimbladders in detail.  One passage from their book that describes how the fish as a scattering body changes as the source frequency increases (pg. 227):

The scattering from the body of a fish has a source amplitude proportional to its length.  The Huygens sources along the fish have the same directional properties as a transmitting array.  For example, at low frequencies or large wavelengths relative to the fish’s length, directional affects are negligible.  At high frequencies the phases of the elementary wavelet sources are important and these depend on the attitude of the fish in the incident wave field.  As the fish moves, turns, and swims, the scattered signal has many fluctuations.

Target Strength - Length Relationship.  Using narrowband (single frequency) acoustics, there have been several attempts to exploit the relationship between target strength (TS) and fish length (L).  McCartney & Stubbs
 give an equation for average TS of the dorsal aspect of fish for L > 

 (where 

 is the source signal’s wavelength) of




(3)

where L and 

 are both in meters and L > 

.  For the TS in side aspect, Love
 gives the relationship




(4)

An recent example of this approach was reported by Bjerkeng, et al.
  These Norwegian researchers correlated ten data sets of fish catches with narrowband (70 kHz) echoes for three species of fish: roach, whitefish, and smelt.  Using the equations for TS shown above, and converting the second term (-X 

) into a constant (because of the fixed single frequency system), the TS-L relationship was re-expressed as




(5)

where 

 is the average TS for a given data set.  Two different parameter sets (choices of A and B) in this TS-L relationship where evaluated, with a wide variation in results and the best precision at 20% to 30% error.

Frequency - Length Relationship.  SciFish proposes to exploit the relationship TS and Length over a range of frequencies, not just a single frequency.  If we rewrite equations (3) and (4) into a generic expression of TS, L, and 

, we get 




(6)

where 

 is the target strength at wavelength 

, and i ranges over the bandwidth of the transmitter.  By utilizing spectral estimation, the target strength can be estimated for a given frequency range.  In this way, SciFish theorizes that the relative differences between the frequencies become signatures that correspond to a given length of fish of a given species.  A preliminary experiment conducted using available data at SciFish indicates this approach can yield highly accurate length estimates of individual fish (see §C.1.3).

A Brief Discussion of Frequency-Depth Relationship.  It is well known that the resonant frequency of a swimbladder changes with depth, with the most dramatic changes occurring as you move between the first few atmospheres.  In the pond-based aquaculture system proposed here, it is expected that the pond depth will not create a dramatic change in the frequency-length relationship.  If it does, a set of frequency-length classifiers will be created for each of the required depth intervals.

C.1.2
Broadband Sonar for Fish Stock Assessment

The use of narrowband acoustics has produced systems that are useful for biomass assessment, but as the previous section describes, there are some limitations to exploiting the Target Strength - Length (TS-L) relationship in a single frequency system that might be overcome by employing a broad range of frequencies offered by SciFish’s broadband approach.

Recently, the fisheries hydroacoustics community has began looking at broadband (and wideband) sonar as method for assessing fish stocks.  In the plenary address at the 1995 ICES International Symposium on Fisheries and Plankton Acoustics held in Aberdeen Scotland, David MacLennan, one of the most distinguished members of the fisheries hydroacoustics community, gave his impression of what might lie ahead (pg. 515, emphasis added by SciFish):

In spite of the availability of an impressive suite of analytical tools such as neural net processing, expert systems, and new methods of discriminant analysis, we believe that these data processing aids cannot successfully resolve the problem of acoustically aided species identification without being fed clues with better discrimination capabilities than are available at present.  In general, existing survey techniques do not measure many of the features that are necessary for accurate target classification.  In the most, general case, it may well be impractical to extract good classification clues from an acoustics sensor that is optimized for biomass assessment.  A well-established theorem in information theory holds that the information-carrying capacity of a communications channel depends on its bandwidth.  Thus, the trend toward the use of wideband systems is likely to be  fruitful approach.

Increasing the bandwidth in acoustical signal processing has the potential to achieve greater overall resolution with an acoustical sensor.  In essence, one improves the ability to distinguish the individuals in a school or aggregation and perhaps even the component parts of individual animals.  Information so derived provides detail for examining structure, shape, ping-to-ping motion, and fine-scale distribution.  In addition to increasing range resolution, there are other dimensions to be explored, such as spectral analysis of echoes using the Doppler affect to reveal target motion and behavior.
SciFish recognized the benefits of utilizing broadband acoustics many years ago, but working more from the biological aspect.  Marine mammals have the capability to locate and distinguish targets with phenomenal accuracy.  In fact, the proof-of-principle for the use of broadband acoustics for species identification and length estimation is embodied in animals like the dolphin.

SciFish has now built one broadband sonar system for fish identification and demonstrated repeatedly that it is capable of fish species identification using the data collected.  Current work is now underway to expand the number of fish species tested and develop a methodology for analytically determining a fish’s spectral signature under a predefined set of environmental conditions (e.g. depth, temperature).  In addition, the next generation broadband sonar system for fish identification has been designed and is currently being built.  A review of these projects is provided later in this proposal (§D.1).

C.1.3
PVDF Transducer Material

In 1969, piezo/ferroelectric polymers were found to have special inherent properties that could have significant impact in medical and sonar applications.  It was discovered that Polyvinylidene Fluoride (PVDF) material, in particular, exhibited characteristics, such as low impedance and broadband performance, with potential to improve hydrophones and transducers.
  Raytheon perfected a process by which PVDF material could be made extremely lightweight (0.5 mm thick), maintain response stability at temperatures up to 90 degrees C, and have an acoustic impedance that matched that of water.

In a two-year design study of PVDF materials for transducer production at Odom Hydrographic Systems found that the transducer elements formed from PVDF led to higher SNR of received data (over ceramics), it provided the ability to shape the beam by shaping the material (instead of beamforming), and it led to simpler system design (and cost!).  Unfortunately, what PVDF gains over ceramics as a reception material, it gives up in its ability to transmit acoustic energy.  As such, most systems today are using ceramic transmit and PVDF.  SciFish is using this approach in its next-generation design of the fish identification system.  It might be possible that in the short range applications in aquaculture ponds, the inefficiency of the PVDF as a transmission material might not severely hinder its use as it does in the deeper water applications.  The use of PVDF as both a transmit and a receive (transducer) material will be explored.  If it can be used, it is expected that the cost of the resulting system will be significantly reduced.

C.1.4
Results of Preliminary Experiments

To determine of the concept being proposed -- the use of broadband sonar as a mechanism for exploiting the frequency length relationship and accurately estimating fish length -- has any merit, SciFish conducted some preliminary experiments with existing data.

The data selected was a set of smelt echoes collected from tethered smelt in Lake Michigan during a summer 96 data collection and processing project (see §D.1.1).  SciFish recognizes that the aspect angle of the fish is dorsal (not near-side as proposed here), that the fish is not a typical aquaculture species, and that the quantity of fish is small (as well as the number of echoes being used).  Despite this the results are truly encouraging.

The length (mm), weight (gm), and quantity of echoes for each of nine smelt are listed below in Table 1.  There were a total number of 203 echoes used for these experiments.  Instead of treating the problem as a function approximation problem, where a vector of parameters (features) is mapped to a given output, the length of each fish is assigned to a length-class and then the problem is treated as one of classification.

Table 1.  Description of Smelt and Their Length-Class Assignments

Length
Weight
No. Echoes
Classes - Exp. 1
Classes - Exp. 2

105
6
27
1
1

111
6
11
1
2

115
8
28
1
2

125
10
30
2
3

129
12
29
2
3

137
14
13
2
4

145
18
19
3
5

154
18
28
3
6

163
20
18
4
7


Total
203



Two length-class designations were made (shown in the last to columns in Table 1).  In the first experiment, there were four length-classes made (under 120 mm, 120 - 139 mm, 140 to 159 mm, and 160 mm and longer).  In the second experiment, the length-classes were further delineated into 10 mm length-classes.

The power spectral density of each echo was estimated.  Using the bandwidth from 110 to 190 kHz (the current bandwidth of SciFish’s broadband system), a multi-layer perceptron (MLP) neural network was trained using the training, testing, and evaluation regime described by Table 2.  When the neural network is being trained, it uses one portion of the data set to adjust its connection weights, a second set to test to see if the current net should be saved (this prevents over-training the net), and the final set, the evaluation set, is used to determine how well the neural net has generalized to the data set.

Table 2.  Number of Echoes Used for Training, Testing, and Evaluating the Neural Net

 and the Classification Performance


No. Train
No. Test
No. Verify
Percent Correct

Experiment 1
51
51
103
91.63%

Experiment 2
51
51
103
90.15%

The results of the classification experiments for each experiment are also shown in Table 2.  As the table shows, broadband sonar echoes, when processed to produce spectral features that are then classified using a neural network, produced over 90% correct classifications.  This means that 9 out of 10 fish echoes where correctly assigned to a length-class that had either 10 or 20 mm resolution.

These results indicate that there is a tremendous potential for this approach.  Although not as rigorous as the preceding results described using narrowband sonar (§C.1.1), this is a three-fold improvement over their best.

C.1.5
Aquaculture Decision and Support Software: Pond Version 3.0

POND
 is a computer program that has been developed to guide decision making processes relevant to warmwater pond aquaculture. Such computer programs are called Decision Support Systems. POND was written to provide educators, extension agents, managers, planners and researchers with a tool for rapidly analyzing aquaculture systems under different management regimes, and to assist in the development of optimal management strategies.

POND Version 3.0 focuses on providing a detailed view of pond aquaculture at both the individual pond as well as at the facility-level. Pond analysis is accomplished primarily by the use of simulation models combined with an economics package that can be used to generate enterprise budgets for a pond facility. The models are organized hierarchically and proceed from simple ones where fish growth, pond volume, and water temperature are the only state variables, to more complex ones which describe phytoplankton, zooplankton, bacterial and water quality/sediment dynamics in addition to fish growth, pond volume, and water temperature. 

The program can be used to set up pond facilities with different configurations and/or management strategies. Mini-databases are maintained for site, pond, associated fish lots (populations) comprising one or more species, source water, soil, weather and cost characteristics. These databases can be used to describe a 'physical' aquaculture facility. Users can also define characteristics of feeds, fertilizers and liming materials.

Once a desired facility has been set up, multiple simulations can be conducted to examine the effects of various pond management scenarios on fish yields and facility-level economics. Pond management scenarios supported include the ability to vary stocking densities and/or species combinations, specify stocking and harvest dates of individual lots, and either specify or allow the model to generate feeding and fertilization schedules, and water balance/flow descriptions through pond facilities. These scenarios can be simulated by the use of either the simple or more complex models. Simple models are expected to be useful for planning/management purposes, and more complex models for short-term management and research applications. A graphics module is available for viewing the results of simulation runs. 

Once a simulation is completed, the economics package can be used to generate enterprise budgets on either a per unit area, per unit cost of production or overall facility basis. The budget accounts for fixed, variable, and depreciable costs in addition to income streams that are either user-specified or generated by the model (e.g., fish yields). 

Additional features of POND include the ability to customize the software to specific sites and species by the use of a parameter estimation package that compares multiple simulation runs to user-provided fish growth data sets, and arrives at 'best-fit' parameters for the models. 

POND is written in the C++ programming language and requires an IBM-compatible personal computer running the Microsoft Windows 3.1 or Windows 95 operating environments. The program also needs about 1.5 MB of available hard disk space, a minimum of 4 MB RAM and the 80386 or greater CPU. 
C.2
Technical Approach

The technical approach is an intentionally organized of the Phase I project objectives into corresponding tasks.  The following sections describe what will be accomplished in each task area.

C.2.1
Design Deployment System

During Phase I, the deployment system will be fully designed and reported in the Phase I Final Report.  The deployment that is proposed is illustrated in Figure 1.  The system will be placed near the center of the pond, with an apparatus that allows the transducer(s) to move automatically from surface to bottom and back.  The deployment system will specify each of the following elements:

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

1. Single transducer, fixed in side aspect, requires 360° rotation to cover a single depth interval.

2. Multiple transducers (N), fixed in side aspect, requires 360/N° rotation to cover a single depth interval.

3. Single searchlight transducer, provides nearly complete coverage from a single depth, requires 360° rotation for a single depth interval.

· Assessment Speed.  The speed that will be required to adequately cover the entire pond will depend on several factors:

1. How quickly pings can reliably estimate the length of fish at a given position?

2. What is the minimum rotation speed of the transducer(s)?

3. What is the minimum speed that the transducer(s) can be raised and lowered?

4. How many complete scans (up and down) will be required before a reliable estimate of the total pond biomass and length distribution will be available?

5. What is the swimming speed and avoidance behavior of fish in the presence of sonar in the range of interest (do they go up, down, left, right)?

· System Size.  The portability of the system will need to take several factors into account, including:

1. How often will fish length need to be assessed?  Once a month? A week? A day?  An hour?

2. How difficult will it be to move the system?  Deployment by a single person from either a small boat or a dock would be preferred.

3. The system should be self-contained and self powered.  Battery power would be ideal, with the possibility for solar powered in the future.

· 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 (e.g. feed versus length analysis)?

C.2.2
Design Sonar System

During Phase I, the sonar system parameters shown below in Table 3 will be defined, subject to the following design constraints, and reported in the Phase I Final Report:

· Individual fish need to be separable within the beam, hence the beam width will need to be narrow (2 to 4 degrees) and the bandwidth will need to be high enough to resolve targets that are separated by as little as 1 cm.  As an example, at 200 kHz in freshwater, a single wavelength is 7.3 mm in length.  If we sample at 1 mega-hertz (Mhz), this would result in 68 samples per cm, which would be enough to resolve individual targets (i.e. fish) that are 1 cm apart.

· The multipath affects will need to be minimized.  This can be done by adjusting the source level (SL) and narrowing the beam.  Identification of ghost targets may also be required using matched filtering and thresholding.

· Will it be necessary to have a dual beam (one narrowband, one broadband) system to produce accurate estimates of TS and/or correct for the change in beam width with frequency.

Table 3.  Sonar System Parameters that will Defined During Phase I

Basic Operating Parameters
Performance Factors (transmit and receive)

a. carrier frequency (center / bandwidth or min / max)
a. separate or same projector and hydrophone?

b. maximum operating range
b. beam shape -> transducer shape

c. minimum target detection range
c. number of elements

d. maximum operating depth / pressure
d. 3 dB beamwidths

e. maximum continuous immersion / system life
e. maximum allowable sidelobes

f. ping rates / range scales
f. balanced or single-ended


g. transducer material type

Transmit Requirements
Receive Requirements

a. resonance frequency
a. open circuit voltage response dB re V/uPa

b. pulse length(s)
b. passband characteristics (flatness, Q)

c. input (electrical) power or sound pressure level
c. allowable electrical noise

d. transmitting voltage response, dB re 1uPa-m/V
d. preamp at transducer or elements only?

e. mechanical Q
e. matched or unmatched to receive circuit?

f. matched or unmatched to transmit circuit?


C.2.3
Design Echo Processor

The echo processor will be the software responsible for extracting echoes from a sonar return, estimating the length of the fish from the echo, collecting the echoes at each scan and depth interval to produce an estimate of the biomass and fish length distribution, and storing this data for later reporting and retrieval.  These steps processing steps are shown below in Figure 2.



Figure 2. Echo Processing Steps
During Phase I, the following software functions will be designed and reported in the Phase I Final Report:

· Echo Extraction.  The echo will be extracted from the returned signal.  It is assumed that the sonar system will have digitized the signal at a high-enough sample rate and with enough resolution prior to this step.  The echo detection process will locate echoes at 3 dB echo width.

· Spectral Estimation.  Using the fast Fourier transform a spectral estimate will be extracted from each detected echo within the bandwidth of the source signal.

· Length Estimation.  A classifier (e.g. statistical, neural net) will be used to convert the spectral estimate into a length class.  This length classification will then be stored.

· Length Distribution.  A length distribution will be produced from the length classes that have been reported over an entire top to bottom (or bottom to top) scan.  The resulting length distribution will be stored.

· Biomass Estimate.  An estimate of the biomass will be made from several top to bottom scans and reported to the user.  The biomass estimate will be reported as a length-frequency distribution with projected error, as well as an estimate of the total biomass in gross weight (estimated by utilizing a length weight relationship for the species in question).

C.2.4
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:

· Fish Length Distribution Accuracy.  A method for evaluating the accuracy of individual fish length estimations 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.  Using the aquaculture decision support software described earlier, several simulations will be conducted to determine what the economic benefit of this system poses by producing more accurate fish length estimations.  This will be evaluated for both improved yields and decreased feeding costs.  From this analysis, it will be possible to project system cost and return on investment for the marketing plan.

· Secure Phase II Aquaculture Partner.  A Phase II aquaculture partner will be sought.  This partner will assist in the user evaluation of the proposed approach and will allow SciFish to test the system at their facilities during Phase II.

C.2.5
Perform Market Analysis

During Phase I, market analysis will be conducted to determine the full commercial potential of the proposed broadband sonar fish length estimation system.  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 fish species, facility size, geographic area, annual production, and number of ponds.

· 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).

C.2.6
Technology Transfer

Technology will be transferred between this project and DOC in three ways.  First, email and telephone will be used to provide 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.
C.3
Task Schedule

There are six tasks that will be performed during Phase I of this project.  The description of what will be accomplished by each task is included in the previous section (§C.2).  The schedule for these tasks is outlined in Figure 3.  The total duration for this effort is six months.
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Figure 3.  Schedule of Tasks

D.  Related Research or R&D

D.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 (§D.1.1) collected the data that was used earlier in this proposal to demonstrate preliminary proof of principle (see §C.1.3).  The second project (§D.1.2) is applying SciFish’s existing broadband fish identification system to the identification of bottomfish.  The third project (§D.1.3) 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 (§D.1.4) is a recent award for the design of a towed array sonar system that can detect tuna schools within 15 miles of the array.

D.1.1
National Biological Service

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.

For the classification experiments, the probabilistic neural network was used.  This neural network has rapid training and was available within the windows environment in the NeuroShell 2.0 package used by SciFish for quick-look classification.  The feature set consisted of 128 spectral bins derived from a 256 point fast Fourier transform (FFT).  The training data consisted of the average spectra from each individual fish (resulting in 54 training patterns).  The testing data was each of the individual echoes (2894 in all).

The classification results are reported in the confusion matrix below (Table 4) using a probability of correct classification threshold of .48.  Echoes that fell below this threshold were not used.  The confusion matrix reports that the alewife was correctly classified 80%, but 16% of the echoes were classified as smelt and 4% were classified as stickleback.

Table 4.  Confusion Matrix of Tethered Vs. Tethered, Prob. Threshold = .48


Alewife
Smelt
Stickleback

Alewife
80%
16%
4%

Smelt
5%
91%
4%

Stickleback
6%
22%
72%

A final report was submitted and is currently awaiting final approval.  These results will be presented in a forthcoming conference on Great Lakes Fisheries Hydroacoustics.  In addition, a journal paper is being prepared for submission to a leading fisheries science publication.

D.1.2
Department of Commerce - Phase II SBIR

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.

D.1.3
National Science Foundation - Phase II SBIR

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.

D.1.4
Department of Commerce - Saltonstall-Kennedy

Long Range Tuna School Detection, Saltonstall-Kennedy Grant, Department of Commerce, NOAA, National Marine Fisheries Service, projected start date 1 March 97.

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.

D.2
Related Work by Others

SciFish spent a considerable amount of time searching for products and/or research that has been conducted in the development of acoustic methods of aquaculture fish stock assessment.  To date, this search has not yielded any results.  A literature search will be conducted during Phase I to establish a frame of reference for this work in this area.

E.
Key Personnel and Bibliography of Directly Related Work

The principal investigator for this effort will be Michael L. Tuohey.  Tuohey (pronounced “2E”) has been responsible for the software development for the first broadband fish identification system, an effort that required the integration of various specialized hardware components and the development, testing and demonstration of the software for data acquisition, feature extraction, and classification.  Tuohey will be responsible for project management and the system deployment design, echo processor design, test and evaluation, and technology transfer tasks.  A brief resume for Tuohey is included below.

Assisting Tuohey will be Patrick K. Simpson.  Simpson holds the patent for the broadband acoustic identification of aquatic lifeforms, 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 the sonar system design and market analysis tasks.  A brief resume for Simpson is included below.

E.1
Michael L. Tuohey, Principal Investigator

Michael Tuohey has fifteen years of electrical engineering experience, most of which was spent in developing, producing, testing, and maintaining missile defense systems for Martin-Marietta (now Lockheed Martin).  Tuohey specializes in moving systems from design through development, test, and demonstration, to production.  The specifics of Mr. Tuohey’s background follow.
Lockheed Martin Corporation  Baltimore, MD  (1983 - 1995)

Senior Systems Test Engineer (1990 - 1995).  Test site manager for the Combat Systems Engineering Development Site (CSEDS) in Moorestown, NJ (7\94-5\95). Test site manager for the Naval Ocean Systems Center (NOSC) and the Integrated Combat System Test Facility (ICSTF) in San Diego, CA (5\90-7\94).  As site manager was responsible for all phases of  the Navy Vertical Launching System (VLS) integration tests between various weapon systems, sonar/radar systems, and missiles.  These duties included identifying necessary test equipment, installing and maintaining software and hardware, writing test procedures, identifying and correcting software problems, identifying firmware problems, training of personnel, scheduling tests, and fleet troubleshooting. Experience with Aegis, Tomahawk, Anti-Submarine, Canadian AAW, and Japanese weapon systems; SQR-53C and SQR-19 sonar systems; Standard Missile, Tomahawk, ASROC, and Sea Sparrow missiles.

Senior Software Design Engineer (1986 - 1990).  Lead design engineer for the VLS Launch Control Computer Program (LCCP). As lead engineer defined performance requirements, wrote program design specifications, and coded a real-time missile control system using Military Standards 2167A and 1679. Designed and implemented upgrades for the U.S. and Canadian Navy versions of the LCCP. Worked on the preliminary design of the NATO version of the LCCP. Supervised work of other design engineers. Lead troubleshooter for fleet operations.

VLS site engineer for the Canadian Navy’s Land Based Test Facility in Halifax, Nova Scotia. (3/89 - 5/90)  Performed all tasks necessary for successful completion of the Tribal Class Modernization Program (TRUMP) weapon system  and missile integration tests with Litton Systems Canada.  This included on site troubleshooting of VLS software/hardware problems and implementing solutions.

Software Test Engineer (1983 - 1986).  Assigned to verifying the performance of the VLS LCCP.  Designed test procedures, executed tests, and wrote test reports per Military Standard 1679.  Software representative for the VLS in integration of Tomahawk and Aegis Weapon Systems and associated missiles at various test sites.

General Electric, Syracuse, NY (1981 - 1983)
Designed an inventory control system for a radar and sonar production facility on an HP-9845.  Member of  software test and evaluation team for SQR-19/TACTAS sonar system.  Executed tests and wrote test reports.

Education

B.S. Computer Engineering, January, 1983, Lehigh University, Bethlehem, PA. 

E.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.
F.
Relationship with Phase II or Other Future R/R&D

At the end of Phase I, this project will have a complete broadband sonar fish length estimation system design, including deployment options, sonar system design, echo processing, and a test and evaluation plan.  From this foundation, the following Phase II objectives are anticipated:

· Build the broadband sonar system, including procuring the necessary components, integrating the components, writing the necessary software for data acquisition, storage, signal processing, 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 fish length measurements.

· Evaluate performance for at least three different aquaculture species, determining both length estimation accuracy as well as the improvement in production realized by using the system

· 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 broadband fish length assessment system will be marketed and sold to domestic aquaculture projects.  An analysis of international sales will be conducted.  Infrastructure will be put in place to handle sales, distribution, maintenance, and engineering.

G.
Facilities and Equipment

Location.  SciFish was located in San Diego, CA from inception through May 1995.  In June 1995, SciFish moved to Anchorage, AK to be closer to the fishing communities the founder was most familiar.

Facilities.  SciFish’s sole facility is located at 4200 Shoshoni Avenue, Suite A, 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 500 square foot of office space and utilizes approximately 250 square feet of additional dry storage.

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 60 to 180 kHz and 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.

H.
Subcontracts and Consultants

There are no consultants or subcontracts needed for this effort.

I.
Commercial Applications Potential

SciFish has not been able to secure the exact numbers of aquaculture ponds in the U.S. (or otherwise) that would be the first indication of the market potential for the proposed product.  With a total farm-gate value of $750 million, it is anticipated that the size of this market is quite large.  It is anticipated that the number of units sold per year would range in the low hundreds (100 - 200), with growth to possibly a thousand.  This assumes a system cost of $25,000 (a number that has been estimated from SciFish’s prior market analysis with the fish identification systems).  This represents approximately annual sales that range from $2.5 million to $25 million.  During Phase I, the market potential for the proposed product will be clearly delineated using the strategy prescribed in §C.2.5.

Equivalent Proposals and Awards

There are no equivalent proposals or awards.

�	National Aquaculture Development Plan of 1996, Joint Subcommittee on Aquaculture, National Science and Technology Council, 1996.


�	Simpson, P. (1994).  Active Broadband Acoustic Method and Apparatus for Identifying Aquatic Life, Patent No. 5,377,163, Awarded December 27.


�	Kroll, D. (1993).  Opportunities in Aquaculture, BCC Report No. GA-068R, 117 pp., $2450.


�	Lovik, A. & Hovem, J. (1979).  An experimental investigation of swimbladder resonance in fishes, Journal of the Acoustical Society of America, Vol. 66, No. 3, pp. 850-854.


�	Clay, C. & Medwin, H. (1977).  Acoustical Oceanography: Principles and Applications, John Wiley and Sons, New York, pg. 226.


�	McCartney, B. & Stubbs, A. (1970).  Measurement of the target strength of fish in the dorsal aspect, including swimbladder resonance, in G. Brooke Farquhar, Ed. Proc. of the Int’l Symp. on Bio. Sound in the Ocean, pp. 180-211.


�	Love, R. (1969).  Maximum side-aspect target strength of an individual fish, Journal of the Acoustical Society of America, Vol. 46, No. 3 (Part 2), pp. 746-752.


�	Bjerkeng, B., et al. (1991).  Fish size distribution and total biomass estimated by hydroacoustical methods: A statistical approach, Fisheries Research, Vol. 11, pp. 41-73.


�	MacLennan, D. & Holliday, D. (1995).  Fisheries and plankton acoustics: past, present, and future, ICES Journal of Marine Science, Vol. 53, pp. 513-516, 1996.


�	Trancell, R., Wilson, D., Dionesotes, N. & Kupferberg, L. (1992).  PVDF Piezoelectric Polymer: Processing, Properties, and Hydrophone Applications, Proc. of Third Int’l Workshop, Transducers for Sonics and Ultrasonics, Orlando, FL, pp. 103-112.


�	POND is copyrighted to Oregon State University and has been developed by the Biosystems Analysis Group (Department of Bioresource Engineering), with the assistance of the Pond Dynamics/Aquaculture Collaborative Research Support Program (PD/A CRSP) which is funded in part by the US Agency for International Development (USAID).


�	PNN winners with a probability of being correct lower than .48 were thrown out
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