FY 2007-09 F&W Program Innovative Project Solicitation

Section 10. Narrative

A. Abstract and statement of innovation 
The proposed work will apply underwater robotics technology to allow researchers to photograph areas of the floor of Lake Pend Orielle to locate and verify lake trout spawning areas.  This project will leverage a group of small, fully-functional, autonomous underwater vehicles (AUVs) recently developed by the University of Idaho (UI) with funding from the Office of Naval Research (ONR).  The existing AUVs will be used to test the camera system, additional sensors and control software required for visually surveying the bottom. Once the components of the system are verified to be operational, two new AUVs will be built incorporating the new equipment into their design. 
The new AUVs will then be used by the researchers with assistance by Idaho Department of Fish and Game (IDFG) personnel to survey selected areas of the lake floor. IDFG fishery researchers will locate suspected spawning areas by tracking sonic and radio tagged fish as part of another previously funded project.  Lake trout spawning is known to occur at night during October; a time when scuba diving on suspected sites would be hazardous.  This project will develop the ability to deploy AUVs to search these suspected spawning locations. Cameras on the AUVs can photograph large areas of the bottom, at various depths, to look for suitable spawning substrate, the presence of untagged lake trout, or freshly spawn eggs lying on the lake bottom.   Once the area is confirmed as a spawning site the location will be heavily netted to remove lake trout in an attempt to balance predator and prey populations.  Netting and removal of lake trout is currently funded under contracts by Avista Power and BPA. 

Underwater unmanned vehicles have been used in a wide variety of photographic applications ranging from photographing the interior of the Titanic to the first photos of the giant squid Architeuthis.   In these applications, the vehicle was tethered to a manned vehicle and video feeds allowed the operators to control the unmanned vehicle.  These tethered vehicles are limited in their range by the length of their tether and their speed is greatly reduced by the drag forces on the tether.  In other applications, fully autonomous un-tethered vehicles or AUVs are used for mine hunting, and environmental studies.   These free swimming vehicles can cover large areas much quicker than their tethered cousins. This project places the underwater camera on the AUV so the speed and range of the AUV can be used in a new and innovative way to search for lake trout spawning areas.  The researchers are presently unaware of any AUVs being used to locate spawning areas.

The climax of the proposed work is an in-the-water demonstration of the IDFG AUV searching for lake trout spawning areas in Lake Pend Orielle.  The success of this demonstration will aid IDFG in controlling lake trout populations and thus promote Kokanee repopulation in accordance with the Statewide Fisheries Management Plan.

B. Technical and/or scientific background

Lake Pend Oreille and Lake Trout
Lake Pend Oreille is located in the northern panhandle of Idaho. It is the state’s largest lake and has a surface area of 32,900 ha, a mean depth of 164 m, and a maximum depth of 357 m. Summer pool elevation of Lake Pend Oreille is 628.7 m. The Clark Fork River is the largest tributary to the lake. Outflow from the lake forms the Pend Oreille River.

Lake Pend Oreille is a temperate, oligotrophic lake. Summer temperatures (May to October) averaged approximately 9°C in the upper 45 m.  Thermal stratification typically occurs from late June to September. Operation of Albeni Falls Dam on the Pend Oreille River keeps the lake level high and stable at 628.7 m above sea level during summer (June-September) followed by reduced lake levels of 625.1 m during fall and winter (typical dam operation between 1966 and 1996).
[image: image4.emf] 

A diverse assemblage of fish species is present in Lake Pend Oreille. Native game fish include bull trout Salvelinus confluentus, westslope cutthroat trout Oncorhynchus clarki lewisi, and mountain whitefish Prosopium williamsoni. Native nongame fish include pygmy whitefish Prosopium coulteri, slimy sculpin Cottus cognatus, 5 cyprinids, and 2 catostomids. Kokanee entered the lake in the early 1930s as downstream migrants from Flathead Lake, Montana and were well established by the 1940s. At its peak in 1953, the estimated harvest of kokanee was around 1.3 million fish. Other introduced game fish include Gerrard rainbow trout Oncorhynchus mykiss, lake whitefish Coregonus clupeaformis, and lake trout Salvelinus namaycush, in addition to several other cold-, cool-, and warm-water species.

The federal Fish Commission introduced lake trout Salvelinus namaycush into Lake Pend Oreille in 1925. As a top predator, they are likely to compete with native bull trout Salvelinus confluentus and Gerrard rainbow trout Oncorhynchus mykiss (Kamloops), the main sport fish in the lake. All three fish consume kokanee Oncorhynchus nerka as a predominant food item (Vidergar 2000), which appeared to impact current attempts to recover the critically low kokanee population that once supported a large sport fishery (Maiolie et al. 2002). 
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The 2001-2006 Statewide Fisheries Management Plan of Idaho Department of Fish and Game lists the management direction for lake trout as “to keep lake trout … at low levels.” Unfortunately, methods to accomplish this goal were unknown, although the plan suggested maximizing harvest and investigating other methods. Currently several attempts are being made to reduce lake trout.  Fishermen were allowed unlimited harvest (no creel limit) of lake trout since 2000.  Small-scale commercial hook-and-line lake trout fisheries began in 2002, which allowed the sale of harvested lake trout.  Additional prize money was included in fishing derbies in 2005 to increase the harvest of lake trout. Unfortunately, population estimates based on mark-and-recapture showed that the lake trout were increasing in spite of these efforts (Peterson and Maiolie 2005; Vidergar 2000).
Existing UI AUV Program
Our research at the UI has focused on developing cooperative behaviors within a squadron of five homogenous AUVs to prove the feasibility of large group cooperation for wide area mine countermeasures. We have designed leader-follower formation algorithms that maintain the squadron in close proximity (Edwards 2004), and vehicle replacement mechanisms that maintain the integrity of the search pattern (Rajala 2005).   In addition we have developed algorithms for automatic leader replacement in the formation, and the ability to divert a vehicle from the formation to inspect a waypoint of interest.  One of the UI AUVs is shown in Figure 2.
We have tested our algorithms in field experiments at the Naval Surface Warfare Center, Carderock Division – Acoustic Research Detachment (ARD) base in Bayview, Idaho on Lake Pend Oreille. Five AUVs in formation were successfully tested in the spring of 2007.  All of the proposed formation tasks, formation maintenance, way-point divert, and leader replacement were successfully demonstrated.  Additionally, these field tests showed the leader replacement algorithm’s ability to maintain a single formation leader for cases with no initial leader, an incapacitated initial leader, and multiple initial leaders.  Figure 3 shows the letters UI traced out on the surface of Lake Pend Oreille by an UI AUV while navigating under point-to-point GPS control.
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The existing UI AUV is 40 inches long, 4 inches in diameter and weights 17 lbs.  This small size and weight means that it is easily transported, deployed, and recovered by one person.  The battery pack consists of lithium polymer batteries, commonly used in radio-controlled aircraft which are environmentally friendly in the event the AUV is lost.  During field testing, battery packs typically provide the AUV with three hours of operation. 

The AUV has a radio modem for remote control and telemetry at long range while on the surface and a wireless card for broadband data upload and download.  The AUV hosts its own web page where trim values and sensor zero points can be set and mission logs can be downloaded.
The primary sensors currently used to control the sub are: depth, heading, and pitch sensors.  In addition sensors currently onboard also measure: roll, yaw rate, internal temperature, internal water detection, and battery voltage.  GPS is used for position sensing while on the surface and the Woods Hole Oceanographic Institute (WHOI) modem provides position data both on the surface and while submerged.  The WHOI modem sends a navigation ping which is echoed back by three Hydroid transponders.  The WHOI modem then provides time of flight for each transponder.  Given the location of the transponders, and the speed of sound in water, it is possible to calculate a position.  

The AUV’s computer system has independent control on all three fins and speed control on the propeller both forward and reverse.  Currently the maximum rpm used on the AUV is 2000 rpm.  Most missions use 1000 rpm which produces and underwater velocity of 1.0 m/s and a surface velocity of 0.8 m/s. The current control scheme uses fin trim to offset the effects of engine torque.  The AUV is a fixed displacement design trimmed to 2% positive buoyancy and uses dynamic diving and forward velocity to maintain depth.
The AUV has a salmon pinger attached that provides a traceable acoustic ping which is independent of the other systems.  The pinger allows for the recovery of the AUV should it become lost or suffer a power failure, become entangled, or other such mishap.  The AUV also includes many safety features to abort missions and have the vehicle surface should operating parameters exceed predefined levels.  

•
Mission run time.  A timer during the mission will trigger an abort after 18 minutes.

•
Main Bus Voltage.  If the main bus voltage falls below 21 volts (depleted batteries).

•
Pitch and Roll limit.  A pitch or roll of 45 degrees will abort the mission.

•
Water Detector.  Water on board causes a mission abort.

•
Waypoint distance.  If the navigation system determines the AUV is over 100 meters from the next waypoint, the mission is aborted.  This will prevent an error in the waypoint list (typo or wrong latitude or longitude) from navigating the AUV too far off track.

Another useful feature we have incorporated is the return to base mission.  A GPS waypoint is setup close to the base station is established such that the AUV can always head toward that point from anywhere in the expected operating area.  Operation of the AUV during the field test is extremely simple once all the equipment is setup.  Each mission is started with a click of the mouse on the base station PC.  Once the mission is completed, the return to base mission is run to bring the AUV back and reposition itself for the next mission.

This work is related to a number of previous funded ONR projects: Decentralized Control of Multiple Autonomous Underwater Vehicles (ONR Grant Number: N000140310634), Decentralized Control of Multiple Autonomous Crawlers and Swimmers (ONR Grant Number: N000140310848), and Communication and Control for Fleets of Autonomous Underwater Vehicles (N000140410506).

C. Rationale and significance to the Council’s Fish and Wildlife Program
Relation to Subbasin Plans-     This project will demonstrate the use of AUVs to determine the location of lake trout spawning areas.  These areas will then be subjected to gill nets and trap nets to remove lake trout as part of another project- the Lake Pend Oreille Fishery Recovery Project.  The Intermountain Province Subbasin Plans for the Pend Oreille Subbasin, has several objectives relating to the balancing of predator and prey within Lake Pend Oreille.  Subbasin Objective 1B1, page 18-8, is to protect, enhance, and restore native fish habitat, and long-term viability of bull trout. Bull trout in Lake Pend Oreille depend on kokanee and kokanee are nearing collapse due to increases in the lake trout population.    Columbia River Basin Level Goal 1C, page 18-11, is to restore resident fish species to near historic abundance throughout their historic ranges. Removing non-native lake trout will help to accomplish this goal.  Subbasin Objective 1C1, page 18-12, is to restore bull trout to a harvestable surplus of 1,000 fish annually by 2030.  Efforts in this proposal to remove lake trout, which are a competitor of bull trout, will help meet this objective.   Subbasin Objective 1C3, page 18-13, is to reduce competition and predation by lake trout on bull and cutthroat trout in Lake Pend Oreille by reducing lake trout abundance to <4000 adults.  The work in this proposal will directly help reduce lake trout if these spawning areas can be found.  Subbasin Objective 1C5, page 18-13, is to pursue the objectives in the USFWS Draft Bull Trout Recovery Plan. The bull trout recovery plan includes work to investigate predator and prey dynamics. Lake trout have been determined to be a problem, so this proposal is to develop an innovative approach to finding spawning areas so that the problem can be corrected.  Subbasin Objective 1C7, page 18-14, is to restore kokanee populations in Lake Pend Oreille to allow sustainable harvest of 750,000 fish/yr.  Balancing predator/prey would help to meet this objective as well.  Objective 1C8, page 18-14, is to balance predator and prey in Lake Pend Oreille by 2010. Currently, predators are too numerous in Lake Pend Oreille. This proposal will help target areas for removing predators adding to the efficiency of the removal efforts.  These objectives are interrelated and often overlapping, thus much of the work in this proposal is covered by multiple objectives.  The fish populations and habitat within Lake Pend Oreille are also very much interrelated.  Thus, work on one species may have benefits to others. 

This project is needed because it attempts to reduce the risk to adfluvial bull trout within the Pend Oreille system.  Bull trout in the lake serve as a core population that can pioneer into adjacent areas in the future, especially since fish passage is being provided at Cabinet Gorge Dam and proposed for Albeni Falls Dam.  A growing population of lake trout currently threatens this relatively strong population of bull trout.  

As a secondary effect, this proposal also helps to restore the kokanee fishery that was once the largest single resident fish fishery in the State of Idaho.  It is therefore on-site, in-kind, mitigation for the impacts of Albeni Falls Dam.  

Work in this proposal to balance predator and prey, and reduce lake trout abundance, should be valuable to other systems in the northwest where lake trout have replaced bull trout.  If successful, there may be hope that some of these other systems can be recovered. 


Relation to other Documents: The Lake Pend Oreille Bull Trout Conservation Plan (Lake Pend Oreille Bull Trout Watershed Advisory Group 1999) called for restoring bull trout in the Lake Pend Oreille system to a level where long term persistence is assured and a sport fishery capable of supporting some harvest can be provided, and identifies lake trout control as high priority. The USFWS Draft Recovery Plan for bull trout in the Clark Fork/Pend Oreille watershed called for maintenance and restoration of the Pend Oreille bull trout population (US Fish and Wildlife Service, 2000). The IDFG Five Year Fish Management Plan 2001-2006, calls for restoring Lake Pend Oreille bull trout populations to a level which supports a harvestable surplus (IDFG 2001). It also sets an objective for kokanee restoration of a population that sustains a sport harvest of 750,000 fish annually. Restoring bull and westslope cutthroat trout populations in the lower Clark Fork/Pend Oreille basin are mandated by the Native Salmonid Restoration Plan adopted by the Clark Fork Collaborative Relicensing Team and the Federal Energy Regulatory Commission as part of the new Avista licenses to operate the Cabinet Gorge and Noxon Rapids hydroelectric projects on the Clark Fork River (Avista 1999).  )
D. Relationships to other projects

This project relates to the currently funded project titled “Lake Pend Oreille Fishery Recovery Project”, project number 1994-047-00. The Pend Oreille Fishery Recovery Project is attempting to improve the conditions for native fish and sport fish within Lake Pend Oreille.  It is subcontracting with commercial fishermen to trap net and remove the non-native lake trout.  It also is using sonic and radio tags to track lake trout to potential spawning areas.  Our currently proposed project (this proposal) will use AUVs to search these suspected spawning areas and document substrate quality and the presence or absence of spawning aggregations of lake trout.  This will greatly help to confirm the locations of spawning areas.  Once these spawning areas are located, the area will be targeted for lake trout removal. 

Findings of this proposed project should have benefits to other lakes and reservoirs.  Researchers will have a quick method to explore rather large areas of lakes.  Exploration can be done at night or in cold weather without the hazard of putting scuba divers in the water.  

Relationship to USFWS Biological Opinion For Bull Trout in Lake Pend Oreille-  
The USFWS biological opinion for bull trout (2000), Term and Condition #4, is the recommendation to study predator/prey dynamics.  Discussions at the time of the writing included the concern that a predator/prey imbalance could collapse kokanee, which would also impact bull trout by aggravating competition.  This proposal contains work that will help to reduce lake trout abundance, so that predator and prey balance can be restored. 
E. Proposal objectives, work elements, methods, and monitoring and evaluation
The proposed AUV demonstration supports three BPA objectives:

01. 
Bull Trout/Cutthroat Trout Preservation.
Description:  In Lake Pend Oreille reduce competition and predation by lake trout on bull and cutthroat trout by reducing lake trout abundance to < 4,000 adults, if feasible.

Relevant Subbasin Plan:  Intermountain
Relevant strategy:  Strategy a: ... if lake trout abundance or population structure is resulting in unacceptable predation (it is)... research methods to reduce the energetic demand or competitive impact of the lake trout population.
Page number:  18-13
02. Restore Kokanee Abundance.

Description:  By 2020 restore kokanee populations in Lake Pend Oreille to allow sustainable harvest of 750,000 fish/year, as long as this activity does not adversely impact native fish.

Relevant Subbasin Plan:  Intermountain
Relevant strategy:  Strategy c. Develop methods to monitor predator abundance and balance predator and kokanee populations.

Page number:  18-14
03. Predator/Prey Balance.

Description:  By 2010 balance predator (lake trout, rainbow trout, bull trout)/prey (kokanee) populations in Lake Pend Oreille (1:10 biomass ratio).

Relevant Subbasin Plan:  Intermountain
Relevant strategy:  Develop... active predator reduction methods to restore predator:prey balance if needed.

Page number:  18-15

The proposed project will help achieve the listed BPA objectives by helping the IDFG to locate lake trout spawning areas as discussed in previous sections.  The proposed demonstration is to send a camera equipped AUV on a survey mission while the lake trout are spawning in order to assist in locating the spawning areas.  The AUV will be equipped with a depth sounder to maintain a preset altitude and thus keep the camera at an optimal distance from the bottom of the lake.  A user interface on a laptop PC will allow researchers, working with Fish and Game personnel, to select the search pattern, mission duration, camera setting and other mission parameters while the AUV is boat-side.  Once a mission is complete, the photos/videos can be downloaded via a PC with a wireless card from the AUV while it is on the surface.   The photos will then be reviewed to find evidence of lake trout spawning.  The camera equipped AUV could also be used to survey the bottom conditions of suspected sites prior to the spawning season to identify areas with the proper conditions for spawning.  In addition, the AUV could also be used to search for lake trout eggs during the days after spawning. 

There are five main work elements in the proposed work.  They are broken down into the following categories.  The Sensor Development work element will deal with the new sensors required on-board the AUV to enable it to follow the bottom profile and take pictures.  The User Interface work element focuses on allowing the operator to program missions and download pictures and data while the AUV is on the surface.  The Idaho Department of Fish and Game AUVs (IDFG AUV) work element is the design and construction of two AUVs incorporating the new hardware and software developed in the first two work elements.  The Demonstration work element is to conduct the demonstration with the IDFG AUV and actually search for the lake trout spawning beds at night during the spawning season.  The fifth and final work element on this project is the writing of the final report.  
1.0 Sensor Development
There are two main sensor systems which will need to be addressed, the Camera System, the Navigation System.  The hardware and software will be tested on the existing UI AUVs and then incorporated into the IDFG AUV designed specifically for locating lake trout spawning sites.  The fabrication of the IDFG AUV design is discussed in work element 3.0.
1.1 Camera System

The primary sensor for the mission of bottom surveying will be the camera.  We will select a board level camera capable of color, black and white photographs and videos.  For underwater photography, black and white stills using an infrared flash are recommended to produce the best clarity. But, until different types of photo/videos are taken under the actual conditions during the spawning season, the optimal type of photography cannot be determined, thus we feel it would be best to have a camera system capable of a wide variety of settings and lighting schemes.  The camera system will have a minimum of one gigabyte of memory and will need to interface with the onboard access point to allow the operators to download the data when the AUV is on the water’s surface.  

One of the UI’s existing AUVs will be equipped with the camera system for initial testing.  The camera can be mounted externally in a waterproof housing attached to the hull and accessed through the existing 10-pin water proof connector on the belly of the AUV.  The camera system will initially be tested in the UI swim center pool to ensure its proper function in the water.  The camera equipped AUV will next be tested in Lake Pend Orielle with assistance from the ARD.  The purpose of these tests will be to determine the optimal camera settings and mission parameters for Lake Pend Orielle.  Once the tests are complete we will be ready to include the camera system in the IDFG AUV design.

1.2 Navigation System

In order to maintain the camera at the optimal distance from the bottom, a depth sounder sensor will be added to the existing AUV design.  One of the UI’s fleet of five AUVs will have the depth sounder equipment installed and tested in the UI pool and then at the ARD in Bayview, Idaho.  This will be a different AUV than the camera equipped AUV so we can test each type of sensor independently during the same trip to Bayview.   In addition, we will research upgrading the Inertial Navigation System (INS) in the existing AUV design.  Improvements to the INS will allow the AUV to keep track of its location over longer duration missions.  Having a good position estimate for each photo taken in the demonstration reduces the uncertainty on the location of any observed fish spawning areas.   

2.0 User Interface

In order for researchers to find the spawning sites, they will need to be able to quickly and easily program a mission and be able to download the data after the AUV surfaces at the completion of a mission.  The current method of mission programming and data downloading requires connecting programming cables to the onboard microprocessors.  This method is time consuming as it requires retrieval, drying, disassembling, reprogramming, reassembling, and redeploying the AUV.  Both mission programming and data downloading will be transferred to the existing web page hosted on board the AUV.   

2.1 Mission Download

Modifications to the existing web page based configuration files will allow the operator to select the starting point of the mission, the shape and duration of the search pattern, the altitude from the bottom, and the type and frequency of pictures/videos to take.  Currently web page access is availably only while the AUV is out of the water next to the base station.  This is due to the wireless card being mounted in the hull and having its signal blocked when the AUV is in the water.  This handicap will be removed by swapping out the existing four port Ethernet hub with an Ethernet access point.  The access point incorporates an Ethernet hub plus wireless 802.11 access with an antenna which will be mounted externally on the AUV so it is above the waterline when the AUV is on the surface.  
2.2 Data Download

Additional modifications to the existing web pages on the AUVs will allow the researchers to download pictures and data directly from the camera system to a laptop PC equipped with a wireless card.  Being able to inspect the photos while still on-site will allow additional missions to be planned based on the most recent data.  This should greatly increase the likelihood of success in locating lake trout spawning sites.

The user interface will be integrated into the existing system on a piece by piece basis.  The individual pieces will be test on the bench at the UI and verified in field tests at the ARD in Bayview, Idaho.  These user interface tests will be conducted in conjunction with the camera and navigation sensor field tests to maximize the benefits of each trip to the ARD for field testing.

3.0 IDFG AUV Design and Construction
Two IDFG AUVs will be built to house the new sensor equipment with the new user interface.  The two IDFG AUVs will be the existing UI AUV design modified to carry the camera internally in the 4” diameter clear acrylic hull and take photos through the hull.  Carrying the camera internally will greatly streamline the hull and improve the speed and controllability.  As these are experimental research vehicles, the proposal includes constructing a second vehicle as a backup to prevent a single hardware failure from rendering an entire field test useless.
3.1 IDFG AUV Design

The IDFG AUV design will be more durable to withstand the rigors of field testing and incorporate the new sensor hardware.  As the lake trout spawning occurs at night, the IDFG AUV design will include an onboard lighting system which the user can remotely operate to aid in locating and recovering the AUV.  The design of the IDFG AUV will be conducted by the UI personnel with assistance from the ARD.
3.2 IDFG AUV Construction
The components of the IDFG AUVs will be fabricated and assembled at the UI.  The ARD will lend assistance with water-tight connections, seals, and other components as required.

3.3 IDFG AUV Testing
Initial testing will take place in the UI swimming pool to verify proper operation of all systems and provide a test of the water-tight integrity of the IDFG AUVs.  The next tests will take place at the ARD in Bayview.  Several experiments will be designed to test the AUV’s ability to maintain altitude from the bottom and take pictures.  This series of tests will be a dry run of the lake trout spawning demonstration and help establish camera settings and control parameters for optimal operation in Lake Pend Oreille.
4.0 Demonstration

The demonstration will be conducted with the assistance of Dr. Melo Maiolie from the IDFG during the lake trout spawning.  The team will send the new camera equipped AUV on a survey mission.  Initially, the vehicle will use the control and camera settings determined in our pre-spawning tests.  The improved user interface will allow researchers to quickly respond to the current conditions in the lake.  The AUV can be quickly programmed for a new a mission based on photos and other data from the previous mission.  The ability to quickly and easily adapt the mission profiles based on the actual conditions encountered should greatly increase the likelihood of success in locating lake trout spawning areas.
5.0 Final Report
The final report for this project will document the results of the demonstration.  The impact of the results of the demonstration on the objectives, Bull Trout/Cutthroat Trout Preservation, Restore Kokanee Abundance, and Predator/Prey Balance will likely not be directly measurable in the timetable for this project.  In addition to a multitude of other factors which are beyond the scope of the proposed work, the realization of these objectives are highly dependant upon the success of the actions taken by the IDFG once the lake trout spawning areas are located.  The usefulness of the AUVs as tool can be determined by its ability to help locate lake trout spawning areas.

The final report will be written by UI personnel with input from Dr. Melo Maiolie from the Idaho Department of Fish and Game, and Doug O’Dell from the ARD.  Dr. Maiolie will present the findings at a fisheries conference as part of his work with the Idaho Department of Fish and Game.  In addition, the research will be used to develop a paper for an AUV related conference or publication.
F. Facilities and equipment 

There are three primary facilities which will be used during the course of this project.  The AUV development and construction will be done on the University of Idaho’s campus.  The AUV testing will be conducted with the assistance of the Naval Acoustic Research Detachment at Bayview Idaho (NSWCCD-ARD).  And, the demonstration project will be carried out with assistance from the IDFG on Lake Pend Oreille.

The University of Idaho was founded in 1889 and is a comprehensive land-grant university with primary responsibility for research and Ph.D. programs in Idaho.  The university’s main campus is in Moscow, Idaho and it maintains branch campuses throughout the state.  Total enrollment is approximately 12,000.  The university is ranked in the highest Carnegie Foundation research classification as a Research Extensive University.  Research expenditures in FY 2000 exceeded $68 million.  The College of Engineering through its departments of Electrical and Computer Engineering, Mechanical Engineering, Civil Engineering, Chemical Engineering, and Computer Science provides academic programs in a broad spectrum of engineering disciplines.  Research in the college is supported by the Microelectronics and Communications Research Institute and the Center for Intelligent Systems Research.  Faculty and students in the college have access to a broad range of computational and experimental facilities.  The Controls Lab, Microelectronics Lab, and Machine Shop in the Gauss-Johnson Engineering Building and the Swim Center are the primary UI facilities for the proposed work.
Fully available to this project will be the facilities and resources of the Naval Acoustic Research Detachment at Bayview Idaho (NSWCCD-ARD) which is located on Lake Pend Oreille.  These facilities include, numerous support craft, AUV testing areas, acoustic noise measurement facilities, shop facilities and engineering support.  The facilities at Bayview will give the researchers access to Lake Pend Oreille in a secure area for AUV testing including the new sensors, camera, controller, and user interface.  In addition, the Bayview personnel bring a wealth of experience and expertise with regards to all aspects of AUV design and testing. 
The Idaho Department of Fish and Game will provide the following equipment to the project.  We have three boats on the lake, a 31 ft. diesel trawler, a 24’ runabout and a 22’ runabout. We also have a crew that will be tracking lake trout this fall with both sonic and radio tags.  We have two IDFG vehicles and are renting a field office on the south shore of Lake Pend Oreille.  The office is owned by the Idaho Fish and Wildlife Foundation and is secured for future rental by this research project.   We also have scuba diving gear, certified divers, nets, computers, software, and high-speed internet access. 

There is a considerable amount of other equipment within the Department of Fish and Game that is available to our project if it is needed.  The Department can, and does, provide volunteer workers, administrative and computer help, manpower, equipment and storage space, bunk facilities at the State fish hatcheries, administrative help, and expertise on many subjects.

G. Literature cited 

Maiolie, M.A., K. Harding, W. Ament, and W. Harryman.  2002.  Lake Pend Oreille fishery recovery project.  Idaho Department of Fish and Game, Completion Report to Bonneville Power Administration, Contract 1994-047-00, Portland, Oregon.

Peterson, M. P., and M. A. Maiolie. 2006. Evaluation of large trap nets for lake trout removal in Lake Pend Oreille, Idaho. Idaho Department of Fish and Game, Project Progress Report, Report Number 04-35. Boise, Idaho. 
Vidergar, D. T. 2000. Population estimates, food habits and estimates of consumption of selected predatory fishes in Lake Pend Oreille, Idaho. Master’s thesis. University of Idaho, Moscow, Idaho. 
Edwards, D. B., T. Bean, D. Odell, M.J. Anderson, "A Leader-Follower Algorithm for Multiple AUV Formations", Proceedings of 2004 IEEE/OES Autonomous Underwater Vehicles, Sebasco Estates, Maine - June 17-18, 2004. 

Rajala, A., D.B. Edwards, and M. O'Rourke, “Collaborative Control for Vehicle Replacement in AUV Formations.” The Proceedings of the 2005 ASME International Mechanical Engineering Congress and Exposition, Orlando, Florida, 2005.) 
H. Key personnel

The key personnel for this project are, Dr. Dean Edwards and Dr. Richard Wall from the University of Idaho, Dr. Melo Maiolie from the Idaho Department of Fish and Game, and Doug O’Dell from the Naval Surface Warfare Center, Carderock Division, Acoustic Research Detachment located in Bayview, Idaho.

Dr. Dean Edwards is the principal investigator for this project and is a full professor at the University of Idaho in the departments of Mechanical and Chemical Engineering.  Dr. Edwards will oversee the entire project as he did with the original ONR funded AUV project at the University of Idaho.  His expertise in control theory and mechanical design will allow him to directly supervise the graduate student and engineers working on the controls and mechanical systems of the IDFG AUV.  Please refer to his resume for additional information.  
Dr. Richard Wall is Professor of Electrical Engineering at the University of Idaho.  His area of expertise with regards to this project are, microprocessor based engineering, distributed processing for embedded systems, control networks, computer engineering, digital systems engineering, and computer based industrial controls.  Dr. Wall and his graduate students designed and built the electronic hardware and developed the software for the current AUVs.  He will direct the graduate students and engineers in the modifications and interface of the new sensors to the existing electronic components as well as oversee the design and implementation of the new user interface.  Please refer to his resume for additional information.
Dr. Melo Maiolie is the biologist for Idaho Department of Fish and Game that is working on this project.  He is a Principal Fishery Research Biologist for the State of Idaho and has been working for the Department of Fish and Game for 22 years, with 19 of those years in fisheries research.  He received a B.S. in Fisheries and Wildlife Management from West Virginia University in 1977, and a M.S. and Ph.D. from Colorado State University in 1979 and 1985.  Dr. Maiolie has been working on lakes and reservoir projects, and projects involving the federal hydropower system, for most of his career.   His Ph.D. work was on the impacts of a pumped-storage power plant on the fish community of a high mountain lake in Colorado.  He has worked on Lake Pend Oreille as a management biologist, a research biologist, and a principal fishery research biologist since 1989.  Dr. Maiolie will be a source of information on the biological aspects of this project and will aid in determining the requirements for the user interface.  In addition, he will supervise the demonstration of the IDFG AUVs in searching for lake trout spawning areas.
Doug O’Dell is the contact at the Naval Surface Warfare Center, Carderock Division, Acoustic Research Detachment located in Bayview, Idaho for this project.   He provided expert assistance with electronic, acoustic and mechanical issues on the current ONR funded AUV project.  In addition, he supervised the field testing of the AUVs and other equipment.  For the proposed project he would continue in that capacity providing assistance in the development and testing of the individual sensors and the IDFG AUVs in Lake Pend Oreille.  Please refer to his resume for additional information.

Additional personnel for the project include one full-time R&D Engineer, one part-time R&D Engineer, one part-time Research Engineer and graduate student labor.  Refer to the budget for wages and time commitments. 
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Figure 3. UI  logo traced by an UI AUV in Lake Pend Oreille.





Figure 2.  UI AUV underwater.





Figure 1. Map of Lake Pend Oreille showing significant features and its location within Idaho.
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