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1) Abstract (new and continuing projects)

In this project we develop and apply technology to automatically process images for event detection and for recognition of target biological species. The applications for these technologies include 1) systems to be deployed on underwater instruments and on autonomous underwater robotic vehicles (AUVs), 2) lab analysis of underwater video, 3) real time analysis of video from cabled observatory cameras, and 4) analysis of video gathered by ROVs in real time. This is a follow-on project to the 2002 Visual Image Event Detection Technology Exploration project (900260 - 2002). We are in year one of 900260 AVED. In this continuing proposal we apply selected technologies to solve real scientific problems. Our initial driving vision was to develop imaging systems to add to AUVs to detect when they pass an organism, and to take an image of the organism. Our dream is to be able to identify the organism autonomously in real time. We have expanded the vision to related problems that have fewer technical constraints than AUVs (power consumption, size, and weight) while still having large impact and importance to MBARI programs, science and discovery.

We apply the powerful neuromorphic saliency model of visual attention (NRN 2001) that has been implemented in software by Itti et al. (PAMI 1998) as a processing approach inspired by biological vision systems to detect visual events. We augment this model with selected best approaches from machine vision work on object extraction, size estimation from single camera imaging, and efficient implementation in software, including deployment on compute clusters. We leverage application of feature-detection video-frame-grab technology developed by Steve Rock’s group (600034 – 2003) being adapted to Tiburon. We leverage exploration of low light commercial cameras, with illumination by LED or strobe, as a potential lower power alternative to continuous light and video on AUVs as researched by Reisenbichler and McBride et al. (900250 – 2003). We explore state of the art feature and motion detection chips modeled after biological vision systems as silicon implementations of the selected algorithms (Liu et al. 2001). Our science application focus includes both mid-water and deep ocean animals as well as animals that use bioluminescence in the deep sea.

Progress to date: In 2003 we have developed a process flow to sample video directly from Sony Digital BetaCam decks, retaining time code information, to enable comparison of automated event detection with human annotation. We are near completion of a system to capture position information of annotated events from human operators to enable automated comparison of human and machine vision results. We have demonstrated algorithms to separate “interesting” events from “boring” events detected by the saliency algorithm, and are applying supervised learning to tune selection of “interesting” events by comparing results with human annotation. We have purchased and installed a compute cluster for system deployment, with the goal of achieving near real time performance by 2003 year’s end. We are developing tools and processes to use and maintain the software on the cluster. We are exploring approaches to stream video to our system and capture the results continuously in near real-time. We have demonstrated the software system running on our compute cluster, and plan to work on performance tuning and measurement through the rest of 2003. We plan to work through 2003 developing detailed requirements and use cases from the MBARI video lab to drive development of tools for video annotator’s use in 2004. We have presented and demonstrated our work at the IEEE Computer Vision and Pattern Recognition Conference, to the board of directors at MBARI Day of Science and Technology, to the Vision Chips workgroup of the 2003 Neuromorphic Engineering Workshop, and have had a presentation and paper accepted for the 2003 MTS/IEEE Oceans Conference September 2003. We plan to further demonstrate the system to the international community at the 2003 International Conference of Computer Vision (fall 2003) and to the Neuromorphic VLSI circuit group at ETHZ (Swiss Federal Institute of Technology Zurich). We plan to present the system to the science community at the fall 2003 AGU Meeting. We have collaborated as participants (Edgington, Sherlock) in the 900250 Quantitative Low Light Imaging Project.

Plan: A goal of the AVED project is to develop an ‘annotation assistant’ tool that uses the AVED technology to facilitate the identification of objects in video. The current proof of concept system detects several objects in priority order of interest. During the fall of 2003 we plan to continue to interview video lab users, as well as users of VARS on cruises, to determine the requirements for an annotation aid, leading to a 2004 prototype.  A specific task of the analysis will be to determine how this application will interface with the VARS annotation system. As a minimum, the prototype will be able to create a stream of data that can be assimilated by the VARS system to aid post-cruise annotation. A long-term goal will be to integrate the application for real-time use with the VARS system during cruise operations.

The distribution of bioluminescent (BL) plankton in Monterey Bay will be mapped videographically by the MBARI QLLIM AUV (Reisenbichler, McBride et al. 900250) in the near future, but currently there are no targeted efforts to design data analysis software that can handle the flood of bioluminescence video arriving at our scientists’ doorsteps in the next 2 years. In addition, BL videographic data is vital to the interpretation of BL bathyphotometric measurements, such as the MBBP units integrated onto the MBARI AUVs which were utilized by Steve Haddock and his group (MUSE 2000, SPOKES 2002, and currently AOSN-II 2003). We plan to develop video software to enable researchers to remotely determine species-specific flash patterns, overall concentrations of bioluminescent plankton at discrete depths, and the degree of spatial heterogeneity at discrete locations in the water column. By proxy of bioluminescence potential, this software tool will allow us to rapidly, remotely and efficiently estimate zooplankton biomass, and will be of exceptional utility to the bioluminescence, mid-water, and biological oceanography teams at MBARI, as well as to our mid-water adjunct faculty (Widder, Madin, and Hamner) and the bioluminescence community at large.

Much of the current AVED development can be leveraged to accomplish BL video analysis goals. Thus, we propose to update and improve the decade-old SPLAT BL video software developed originally under direction of our MBARI adjunct faculty collaborator, Dr. Edie Widder (HBOI). Using Widder’s SPLAT software as our starting proof of concept, our first goal will be to adapt functions and mechanisms, already available within AVED, to create modules to identify, enumerate, size, and rate the light intensity of each bioluminescent particle (individual plankter) per frame of video. In addition, we will develop or adapt graphical user interfaces to query and receive input from the operator, as well as enable production of appropriate visualization to describe the analyzed data (e.g. size and intensity spectra of particles detected per frame). A second goal is to track particles between frames in order to build the “history” of each BL particle as it changes in light emission over time. Banking on the technologies that AVED video analysis has developed, we seek to expand past the limitations of the original SPLAT software to accurately detect and track the phenomenon of “exploding” BL particles (plankton that emit numerous spinning, flashing particles when stimulated). Ultimately, we wish to deliver a product that can be used in near real-time to aid MBARI researchers in adaptive sampling strategy. 

2)
Proposal

a)
The problem addressed (for new projects only)

· Statement of the problem 

· Why it is important 

· Present state of art/understanding

· How it relates/contributes to MBARI’s mission and strategic plan

See our proposal of 2003

b) Approach to the problem (new and continuing projects)

Development goals for 2004: 

· Address annotator requirements for annotation assistant. Interface and integrate with VARS. 

· Adapt variation of the system to SPLAT analysis of bioluminescent animals. 

· Continue development and improvement of core algorithms and system. 

· Begin adaptation to fixed observatory cameras, and begin development of event response pan and zoom observatory camera technology. 

· Complete streaming of video in near real-time to and through our analysis system.

· Engineering/technology development

Our program approach is to implement specific algorithms or methods for detecting visual events identified in the technology exploration project 900260 – 2002. In year one (2003) we refined proof of concept demonstrations into working prototypes and working systems. In years two (2004) and three (2005) we iterate the designs into full implementations as needed. During all three years we continue selected technology evaluations focused on specific project goals and needs, reducing evaluations to proof of concepts and then to implementations.

Project tasks for 2003 are:

1. Refine proof-of-concept saliency vision program analysis of streaming video and video frame grabs. Implement proof-of-concept ship/shore-based system on single CPU or multi-CPU cluster for real-time cabled observatory video cameras and full video-rate in lab video analysis.

2. Explore with external collaborators extension of vision program for motion detection.

3. Implement algorithms for “large object” detection, extraction and identification based on characteristic features.

4. Explore with 900250 enabling technologies for AUV implementation of algorithms.

5. Explore with external collaborators silicon implementation of event detection system.

6. Explore with external collaborators object recognition algorithms.

We are on track to complete these tasks in 2003

Project tasks for 2004 are:

1. Refine and iterate proof of concept system to develop system that is useful to the video lab staff for their mission. 

2. Participate in development of extension of vision program for motion detection.

3. Continue enabling technologies for AUV implementation of algorithms and adaptation to cabled observatory systems.

4. Continue to explore with external collaborators silicon implementation of event detection system.

5. Participate in development of object recognition algorithms.

6. Initiate extension of vision program to SPLAT screen analysis of bioluminescence data. 

Each of these tasks is described below:

Task 1: Refine and iterate proof of concept system to develop system that is useful to the video lab staff for their mission. Refine proof-of-concept saliency vision program analysis of streaming video and video frame grabs. Implement ship/shore-based system on single CPU or multi-CPU cluster for real-time cabled observatory video cameras and full video-rate in lab video analysis. 

A goal of the AVED project is to develop an ‘annotation assistant’ tool that uses the AVED technology to facilitate the identification of objects in video. The current prototype technology can be used to identify several objects in priority order of interest, as defined by the saliency-based algorithm. During the fall of 2003, we propose to interview video lab users, as well as real-time VARS users on cruises, to determine what requirements they may have for the use of this technology to assist in the annotation process.  This will enable us to develop a concept design for a prototype implementation for development in 2004.  The present technology is CPU intensive and does not readily support real-time use except when run on a multi-CPU cluster.  However, an application could be built that identifies frames, and objects within frames, of interest, for subsequent review and annotation by the existing VARS system.  Of course such an application could also be used to process video recorded from benthic camera deployments, or in background mode, process video from cable-based video. The first phase of requirements, concept design and implementation of a prototype would be to identify the most suitable prototype application of this technology as well as identify future potential uses.  A specific task of the analysis will be to determine how this application will interface with the VARS annotation system. As a minimum, the prototype will be able to create a stream of data that can be assimilated by the VARS system to aid post-cruise annotation. A long-term goal will be to integrate the application for real-time use with the VARS system during cruise operations.

The VARS system is in the process of development and will, eventually, replace the current VICKI annotation system.  The current development is constrained by the existing database of annotations and the model on which it is based, although it is likely that this model will be modified to meet new requirements.  Since the development of an annotation assistant is necessarily dependent on the model used for ‘annotations’, its development will need to be coordinated carefully with the VARS development. 

The use cases identified in cooperation with the Video Lab for an  ‘annotation assistant’ are:

· Identify timecodes of ‘interesting’ frames in ROV video stream prior to full annotation by annotators. The results should be integrated/editable with VARS. Frame grabs should be taken of the interesting frames.  Comments: The AVED system has already been shown to be capable of achieving this.  The work that needs to be done is to establish a data format and interface for these results to be used in VARS.

· Indicate the position and extent of an annotated object within a frame. Comments: AVED already has this capability.  A data format and interface to VARS will need to be established.

· Detect the beginning and end of a sequence containing an object.  Comments: AVED already has this capability.  A data format and interface to VARS will need to be established.

· Identify segments of video with technical problems (e.g. timecode jumps, video glitches/drop outs).  Comments: The AVED system may be helpful with achieving some of this depending on the problem.  What constitutes a ‘timecode jump’ depends on the timecode setting policy.  AVED can detect pixel dropouts in most cases.

· Identify objects in the video based on sets of typical images of objects.  Use this on any segment of video to id any and all objects, or use it to look for only certain objects in a video stream. Frame grab should be taken for each. A report of objects that could not be identified should be automated. Comments: A long-term goal of the AVED research is to facilitate the identification of objects in video. The current algorithms are based on the modeling the ‘attention’ function of the visual cortex, but not cognitive functions of the brain, although this is a long-term goal of the research. Limited capabilities, such as the general recognition of shapes (e.g. circular vs elongated) are possible in the short term, but detailed recognition and classification is a research problem at this time.

There is another type of general capability that has been identified to have a variety of important uses:

· Use the event of detecting an object in real time to trigger some action (e.g. trigger a still camera, initiate tracking of the object, etc.)  Comments:  This capability primarily depends on time it takes the algorithms to process an image and to detect objects. Using a processor cluster this capability can be achieved now.  We will explore improvements in the execution time of the algorithms, implementation in silicon or Moores-law increases in the speed of COTS processors.

Specific tasks for a summer engineering assistant are:

1. Design custom video viewer for viewing AVED processed video.  

Current freely available video viewers (e.g. QuickTime, Media Player) do not display meta data, such as time code. This project would involve designing a viewer that could display AVED video results in a custom format that includes time code, annotation data, and AVED results in a clear manner.  This project would involve writing a freely available viewer for internal use.

2. Optimize content transcoding methods. 

Investigate different ways of converting media such as parallel processing, or monitoring and scheduling, to optimize current transcoding methods and for publishing results to end-users.  The AVED project currently uses freely available Linux transcoding tools that are neither fast nor optimized for our application. This project would involve investigating the different methods and tools for transcoding and optimizing freely available Linux transcoding tools for use in the AVED project.

3. AVED performance analysis using sub-sampled, compressed images. 

This project would involve gathering metrics on AVED performance versus compression schemes for both still frames and video streams (e.g. MPEG-1, MPEG-2, MPEG-4, MP3, JPEG, uncompressed, etc.).  Preliminary work suggests underwater video is highly compressible without much loss in visual quality, though results of multiple human annotations using different compressions yield conflicting results (it is possible that the machine algorithms are less sensitive to loss due to compression than humans are). Using sub-sampled, compressed images without an appreciable loss in performance would reduce the bandwidth requirements for transferring video, the processing load, and allow for longer clips or simultaneous streams of video to be more efficiently processed.

Task 2: Implement extension of vision program for motion detection. This task involves testing the implementation of motion detection as feature map (currently prototyped at Caltech) and extending as necessary.

There are a variety of motion detection algorithms, which build on task 1. “Bug detectors” are metaphors for motion detection in biological visual systems, and these systems are relatively well understood. Another neuromorphic motion detector is the Barlow-Levick motion selective silicon retina (Benson and Delbruck, 1991; Liu et al 2001), which could be simulated and tested with our video collection. Other algorithms detect motion by noting blurring, change in focal distance, or change in position frame to frame that deviate from predicted position based on the velocity of the vehicle and optical parameters. The motion detection system of 600034 will be integrated with the system, compared with these other techniques, and the most robust and efficient algorithm selected and implemented. 

We have a collaborative NSF proposal under review that would fund this specific activity at Caltech in the Christof Koch lab, under the direction of Koch, the inventor of the saliency approach, with collaboration from the Itti lab at USC, where the vision code is currently maintained.

Task 3: Explore with 900250 enabling technologies for AUV implementation of algorithms. Begin adaptation to fixed observatory cameras, and begin development of event response pan and zoom observatory camera technology.
Tasks 1 and 2 focus on lab systems that can be deployed on ship or shore where power and space are not a design constraint. This task continues the exploration of technologies that allow the algorithms to be hosted on power and space constrained platforms, such as AUVs and instruments, and on observatory systems. The exploration is focused in 900250 (Quantitative Low Light Imaging Module for AUV), which has made outstanding progress in 2003. We will continue to work with that team to identify low power camera and lighting compatible with the algorithms we develop. Edgington is an active contributing member of the 900250 project team. We explore efficient data collection and compression technology and low power CPU implementation in this task, which is part of the 900250 project task list as well. In 2004 we also explore hosting subsystem implementation on COTS DSP circuits. 

Adaptation to fixed observatory cameras, and development of event response pan and zoom observatory camera technology, has been proposed to the NSF as part of a collaborative proposal with the Laurent Itti lab at USC. That proposal is under review.

Task 4: Explore with external collaborators silicon implementation of event detection system.

A number of silicon retinas and silicon neuron arrays have been developed by the neuromorphic engineering community, along with libraries of building blocks for new custom analog VLSI research circuits. As our implementation matures, we will continue to explore existing silicon implementations of neuromorphic subsystems to see if already designed circuits can be adapted or easily extended to implement our algorithms. A simulation environment for neuromorphic silicon approaches is IQR421, available from the Institute of Neuroinformatics at the Swiss Federal Institute of Technology  Zurich (ETHZ) at no cost. Silicon algorithms can be simulated in Tanner research VLSI simulation tools, and prototyped economically by implementation in Tanner Research L-edit layout editor. Design risk and time is greatly reduced by using cell libraries freely available from the University of Pennsylvania Neuroengineering Research Lab (funded by the Packard Foundation). Fabrication can be done at modest cost at Agilent/HP and other fabrication facilities using the MOSIS research VLSI fabrication service. We have requested budget for some limited VLSI design tools and prototyping hardware. 

Task 5: Explore with external collaborators object recognition algorithms.

Detecting a visual event, and extracting the object underlying the event, is a powerful and important capability. Today, humans need to look at each detected event, and identify what the object (animal) actually is. This final task explores automatic autonomous object recognition, a Holy Grail of artificial intelligence research for many decades. Active research in the Pietro Perona laboratory at Caltech is focused on building on the saliency vision program to do object recognition. In this task we propose to collaborate with that group as to apply object recognition approaches to our application domain. 

We have a collaborative NSF proposal under review that funds this specific collaborative development. MBARI has a tremendous database in its fully annotated library of dive video that makes us valuable collaborator in object recognition research and development. We are exploiting that valuable resource through these external collaborations.

Task 6: Initiate extension of vision program to SPLAT screen analysis of bioluminescence data. 

The distribution of bioluminescent (BL) plankton in Monterey Bay will be mapped videographically by the MBARI QLLIM AUV (Reisenbichler, McBride et al. 900250) in the near future, but currently there are no targeted efforts to design data analysis software that can handle the flood of bioluminescence video arriving at our scientists’ doorsteps in the next 2 years. In addition, BL videographic data is vital to the interpretation of BL bathyphotometric measurements, such as the MBBP units integrated onto the MBARI AUVs which were utilized by Steve Haddock and his group (MUSE 2000, SPOKES 2002, and currently AOSN-II 2003). We plan to develop video software to enable researchers to remotely ascertain species-specific flash patterns, overall concentrations of bioluminescent plankton at discrete depths, and the degree of spatial heterogeneity at discrete locations in the water column. By proxy of bioluminescence potential, this software tool will allow us to rapidly, remotely, and efficiently estimate zooplankton biomass, and would be of exceptional utility to the bioluminescence, mid-water, and biological oceanography teams at MBARI, as well as to our mid-water adjunct faculty (Widder, Madin, and Hamner).

Much of the current AVED development can be leveraged to accomplish BL video analysis goals. Thus, we propose to update and improve the decade-old SPLAT BL video software developed originally by our MBARI adjunct faculty collaborator, Dr. Edie Widder (HBOI). Using Widder’s SPLAT software as our starting proof of concept, our first goal will be to adapt functions and mechanisms, already available within AVED, to create modules to identify, enumerate, size, and rate the light intensity of each bioluminescent particle (particle = individual plankter) per frame of video. In addition, we will develop or adapt graphical user interfaces to query and receive input from the operator, as well as enable production of appropriate visualization to describe the analyzed data (e.g. size and intensity spectra of particles detected per frame). A second goal is to track particles between frames in order to build the “history” of each BL particle as it changes in light emission over time. Banking on the advanced research and technologies that AVED video analysis has developed, we seek to expand past the limitations of the original SPLAT software to accurately detect and track the phenomenon of “exploding” BL particles (plankton that emit numerous spinning, flashing particles when stimulated). Ultimately, we wish to deliver a product that can be used in near real-time to aid MBARI researchers with adaptive sampling strategy needs. 

We have discussed this proposed development with Dr. Widder, and her former postdoc Sonke Johnsen (currently a faculty member at Duke University and collaborator with Steve Haddock) who worked on the current splat screen software program, and have their active support and interest in this development. 

Our goal for 2004 will be to 

1) Assess the splat screen software program, and understand the algorithms and limitations of that program, 

2) Explore application of vision algorithms and approach to the specific problems, and 

3) Develop specific use cases and development plans for enhanced SPLAT software.

· Field programs

None in 2004.

· Data reduction and analysis

The team members will do data reduction and analysis as part of the project. Additional analysis of dive video (for example, evaluating the output of the visual event detection system, and special annotations of selected videos marking frames at the coordinates of events (animals)) will be requested of our video lab project support members or MBARI science department members. 

· Proposed duration of project and approximate plan of action

See approach to problem above

· Transition Strategy:

Our strategy is to 1) develop or exploit enabling technologies, 2) prove these technologies through proof of concept demonstrations, and then 3) iteratively develop useful fielded systems addressing specific use cases articulated by end users. To date, our development in this project has been in areas 1 and 2. In 2004 and 2005 we transition our mainline development activity to area 3, with a focus on delivering a useful system for the MBARI video lab. We expect to address transition to Support Engineering and/or IAG for the video lab systems in 2005, the terminal year for this proposal. 

We expect follow-on capabilities (observatory camera support, AUV deployment, SPLAT analysis) to follow a similar strategy, delayed behind our initial focus on video lab use cases, with development deliverables in late 2004, and in 2005. Work beyond 2005 will be addressed in new proposals at the appropriate time.

c) Specific deliverables (new and continuing projects)

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

1. The main product from this project in 2004 will be a working implementation of the visual image event detection system processing digital BetaCam archived videos on shore at full resolution integrated with the VARS derived time-coded annotations, useful to the video lab addressing agreed to use cases and real problems. 

2. A secondary product will be a demonstrated capability to scale to real-time on shore video processing from cabled observatory class video cameras (the goal is to implement this capability on a cpu cluster or on a mixture of DSP/neuromorphic hardware and general purpose computer(s)).

3. Collaborations and explorations will be documented in whitepapers placed on the Visual Image Event Detection website and project presentations.

4. Results of the research and development will be presented at selected conferences and workshops, including the ASLO 2004, AGU 2004, the NSF Neuromorphic Engineering Workshop 2004, and IEEE/ACM Computer Vision and Pattern Recognition Conference 2004.  

5. Results from the research and development will be published in selected peer reviewed IEEE publications as appropriate.

· How success will be measured

a) By working implementation of shore-side visual event detection system, useful to Video Laboratory staff and science staff.

b) Demonstrated capability to scale to real-time shore-side video processing.

c) Documentation of explorations and collaborations.

d) Accepted presentations and publications at appropriate venues.

e) Successful external and/or internal follow-on project proposals.

d)
Project team (new and continuing projects)

Project team: Duane Edgington, Danelle Cline, Rob Sherlock, Dan Davis, Nancy Jacobsen Stout, Christy Herren, Bruce Robison, Steve Haddock, Edie Widder, Sonke Johnsen.

IAG group member (to be identified): to integrate annotator event location marking tool into VIMS (VARS) annotation database. In our development system, the events detected and parameters of each event (location within each frame, extent of event over time, object size, moment, etc.) are stored outside of the database, which makes them unavailable to anyone looking at the annotations. The annotated locations and other parameters are useful information that should be integrated with all the other time-code synchronized annotation and environmental data. We estimate 15d of IAG time to design and implement integrating event location data into the VIMS database system, and 5d additional to interface with the team and participate in testing and refinement.

· Who will be working on this project.  If not identified by name, the critical needs or talents required in that team member.
· What each team member contributes to the solution of the problem. 

e)
Project Lab Space (new and continuing projects)

· If your project needs lab space for integration and test prior to deployment, please include details.

We require lab space of about 24 feet by 15 feet, with typing-height surfaces all around, for our video-lab test setup (computer, video capture card, video monitor, tape deck, computer monitor), 3 workstations, and notebook computers. Our current project lab space in A244 is adequate for the project as currently scoped, with 3-4 people working on the project at any one time.

3)
Budget Justification (new and continuing projects)

· Spare processor slices for Beowulf cluster

2x$2K = 
$4,000
· RAID array for temporary video storage and analysis

$12,000
· Compression software tools





$2,000
· SPLAT software workstation





$3,000
· Matlab video acquisition toolkit




$1,000
· Adobe Premiere video acquisition tools



$2,000
· Video data Archiving tools





$2,000
· Presentation, collaboration and participation in 
Neuromorphic Engineering workshop



$3,500
· Lab stock







$1,000
· Team travel to collaborators (Caltech, USC)



$5,000
· Travel to SPLAT collaborators (Harbor Branch, Duke)

$5,000
· Travel to potential collaborators (MIT, U. Penn, ETHZ)

$6,000
· Travel to present work (ASLO, AGU, CVPR)


$7,000
· Misc software tools 






$3,000
· Tanner aVLSI tools






$15,000
· Project computer disks and upgrades




$3,000

· Summer Engineering Assistant (3 months, temporary)

$8000

Provide a detailed budget justification here for all expense resources you requested in the MBARI Budget Entry web, including reason for travel, “make” versus “buy” decisions, etc. 

4)
Milestones (new and continuing projects)


Appropriate milestones must be included here. A milestone is defined as a significant event represents completion of critical elements of the program. Examples of possible milestones include creation of requirements document, completing design, completing fabrication, testing, field deployment, presentation of results at meetings, manuscript completion, documentation submission, etc.  Distinguish tasks that must be done sequentially versus those that can be done in parallel. If you would like to include more than 5 milestones, extend the table or add a new table.

	
	Milestone 1 
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Milestone 6
	Total Resources 
 for each resource category for all milestones listed here

	Milestone date
	Q4 2004


	Q4 2004 
	Q4 2004
	Q3 2004
	Q2 2004
	Q4 2004
	

	Milestone description
	Implement event detection system to video lab specifications
	Implement extension of vision program for motion detection
	Work with 900250 on enabling technologies for AUV implementation
	Explore with external collaborators silicon implementation of event detection system
	Explore with external collaborators event recognition system
	Initiate extension of vision program to SPLAT screen analysis of bioluminescence data
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	SE
	120
	30
	10
	30
	20
	30
	240
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	20
	
	
	
	
	
	20
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� This number should be same as the number you entered on the resource requests for this particular resource





