CS470 Project Proposal – Summer Semester 2002 – Robert Buchanan

Implementation of Fish Tracking Algorithms
for the SF2000 Broadband Sonar.

Introduction:

I intend to implement and integrate target (fish) tracking functionality into Scientific Fishery System’s (SciFish) SF2000 Broadband Sonar.  Tracking results will be displayed in real time.  Two tracking algorithms will be implemented:  α/β and Multi-Hypothesis Tracking (MHT).
  There are several challenges associated with integration of the tracking algorithms, but these a surmountable.  Standard software tools will be used for development, project management and testing.

Body:

Market and Motivation


The SF2000 is currently being marketed towards the scientific and resource management communities.  Current, hydro-acoustic methods can be problematic for enumerating dense schools of fish in riverine conditions.    The following chart shows how the error rate for a narrowband sonar rapidly increases with the flow of fish.
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The current version of the SF2000 is potential much more accurate than the narrowband sonar because it is less susceptible to acoustic shadowing, but shadowing isn’t the only source of enumeration errors.   It is crucial that we do not over count a fish that is detected several times, as it moves through the beam.  The ability to track, and discriminate targets as they move through the sonar beam is required to obtain accurate and precise fish counts.

The Goal

The results of the tracking algorithm(s) will be displayed in real time on the sonar’s main display.  The visual conventions that will be used to display individual tracks still need to be defined and specified.  It may also be necessary to be able to change the tracking algorithm on the fly.

I plan to implement the α/β tracer first, since it is relatively simple and straightforward.  Once the alpha/beta algorithm is largely functional a second multi-hypothesis tracker (MHT) will also be implemented.  

Implementation 

This implementation will require modifying the current software’s echogram class and the creation of several new forms and subroutines.  The exact integration points, for the new functionality, still need to be determined.  (This is one of the first tasks that I need to accomplish.)  With regards to the tracker and new functionality, one can distil the problem down into four basic task areas:  

1. The tracking algorithm and displays accept parameters and settings from the user.

2. Echo data is processed into tracks.

3. The results of tracking (tracks) are displayed.

4.  Storage of results.


Development Flowchart

The development process can be broken down into the following flowchart.
  I expect to finish the planning phase by the beginning of June.  The coding phase will consume the remainder of June and most of July.  Expect to complete most or all of the testing phase by the end of the summer semester.  Finalization of the will likely be completed in the fall.  Therefore, my CS 470 project will probably be limited to the first three development phases.  Extensive testing and the development of user documentation exceed the limits of what can be accomplished during the summer semester.
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Project Challenges

This project presents a number of potential challenges that should be mentioned.  I have tabulated four of the most significant challenges and the actions that I have or will take to address them:

	Challenge
	Actions

	The current software for the SF2000 is designed for a single beam sonar.  
By the end of the year, we will also be moving to a second multi-beam sonar.  My implementation needs to be able to accommodate this transition.
	· We are setting up policies and procedures to ensure good communication between hardware and software teams.   

· We are accelerating the timetable for software development so that much of the software will already be finished prior to development of the hardware.



	Other programmers will also be making changes to some of the same sections of code that I will be working on.  (We will need to plan and communicate accordingly.)
	· We will be using MS SourceSafe as a tool. All changes are submitted to formal review by everyone who is, or will be, working on the software team.



	Information overload is a potential usability problem.  
	· I am currently attempting to define how, and when target tracks should be displayed.  Mockups of potential displays will be created and the result presented for approval to the hardware team.



	Some of the project deadlines are ambitious.
	· I have begun reorganizing my plans for the summer so that I can spend up to 45 hours per week at SciFish.

· I recently changed my living arrangement so that I have more room and can work more efficiently.




Development will be done in MS Visual Studio using C++ and VB6.  Project Planning will use MS Project 2000.  MS SourceSafe will be used to maintain source control.  Bug tracking
 will be done using Bugzilla.  

Testing:

Preliminary testing can be done using data that has already been collected with the current sonar system.  Field tests of the tracking algorithm using the current single beam hardware are tentatively planned, for early July, on the Copper River.  Further field tests may be conducted at a later date as, and if, needed.

Documentation:

According to the task list, software specifications will be written prior to coding.  User documentation will be written as an addendum to the current manual.  According to the task list, user documentation will be written during the testing phase.  The user documentation will be written to so as to conform to the style conventions used in the next edition of the users manual.  

Conclusion

I have found a challenging project topic that can be completed over the course of the summer.  The tracking features that I will be implementing are very important for the development of my employer’s product.  I have already started work on this topic and should be able to invest at least 30-40 hours / week in its timely completion.  




















































� EMBED PBrush  ���








� Although I will be responsible for algorithm integration, algorithm design and analysis will be do be my colleague Dr. Jae-Byung Jun.


� The error rate is largely a result of undercounting due to acoustic shadowing.


� Backward loop to show iterative revision have been intentionally omitted to improve clarity.


� As opposed to fish tracking!
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		Tower Counts		Track Counts		Tower Counts		Track Counts		Error				Tower Counts		Error				Tower Counts		Percent Error

		43		16		430		160		270				430		270				430		0.6279069767

		48		17.5		480		175		305				480		305				480		0.6354166667

		52		11		520		110		410				520		410				520		0.7884615385

		52		14		520		140		380				520		380				520		0.7307692308

		54		14		540		140		400				540		400				540		0.7407407407

		54		17		540		170		370				540		370				540		0.6851851852

		54		17.5		540		175		365				540		365				540		0.6759259259

		68		17		680		170		510				680		510				680		0.75

		56		21.5		560		215		345				560		345				560		0.6160714286

		56		26.5		560		265		295				560		295				560		0.5267857143

		61.5		21		615		210		405				615		405				615		0.6585365854

		65		23		650		230		420				650		420				650		0.6461538462

		62.5		26		625		260		365				625		365				625		0.584

		62		34		620		340		280				620		280				620		0.4516129032

		30		12.5		300		125		175				300		175				300		0.5833333333

		35		15.5		350		155		195				350		195				350		0.5571428571

		35		12.5		350		125		225				350		225				350		0.6428571429

		37.5		15		375		150		225				375		225				375		0.6

		37.5		14		375		140		235				375		235				375		0.6266666667

		39		14		390		140		250				390		250				390		0.641025641

		39		15		390		150		240				390		240				390		0.6153846154

		40		12.5		400		125		275				400		275				400		0.6875

		41		14		410		140		270				410		270				410		0.6585365854

		41.5		13.5		415		135		280				415		280				415		0.6746987952

		42		12.5		420		125		295				420		295				420		0.7023809524

		42		13		420		130		290				420		290				420		0.6904761905

		42.5		12.5		425		125		300				425		300				425		0.7058823529

		43		12.5		430		125		305				430		305				430		0.7093023256

		47		12		470		120		350				470		350				470		0.7446808511

		45		14		450		140		310				450		310				450		0.6888888889

		45		15		450		150		300				450		300				450		0.6666666667

		45		15		450		150		300				450		300				450		0.6666666667

		6		4		60		40		20				60		20				60		0.3333333333

		8		3		80		30		50				80		50				80		0.625

		6		5		60		50		10				60		10				60		0.1666666667

		8		5		80		50		30				80		30				80		0.375

		6		6		60		60		0				60		0				60		0

		6		5.5		60		55		5				60		5				60		0.0833333333

		7		7		70		70		0				70		0				70		0

		7		6		70		60		10				70		10				70		0.1428571429

		8		6		80		60		20				80		20				80		0.25

		9		6		90		60		30				90		30				90		0.3333333333

		10		6		100		60		40				100		40				100		0.4

		11		6		110		60		50				110		50				110		0.4545454545

		12		6		120		60		60				120		60				120		0.5

		11		5		110		50		60				110		60				110		0.5454545455

		13		5		130		50		80				130		80				130		0.6153846154

		8		6.5		80		65		15				80		15				80		0.1875

		9		6.5		90		65		25				90		25				90		0.2777777778

		10		6.5		100		65		35				100		35				100		0.35

		11		6.5		110		65		45				110		45				110		0.4090909091

		13		6.5		130		65		65				130		65				130		0.5

		9		7.5		90		75		15				90		15				90		0.1666666667

		11		7.5		110		75		35				110		35				110		0.3181818182

		14		7.5		140		75		65				140		65				140		0.4642857143

		18		7.5		180		75		105				180		105				180		0.5833333333

		13		8		130		80		50				130		50				130		0.3846153846

		17		8		170		80		90				170		90				170		0.5294117647

		11		8		110		80		30				110		30				110		0.2727272727

		13		8.5		130		85		45				130		45				130		0.3461538462

		12		9		120		90		30				120		30				120		0.25

		15		10		150		100		50				150		50				150		0.3333333333

		14		11		140		110		30				140		30				140		0.2142857143

		16		11		160		110		50				160		50				160		0.3125

		18		11		180		110		70				180		70				180		0.3888888889

		15		12		150		120		30				150		30				150		0.2

		16		12		160		120		40				160		40				160		0.25

		1		1		10		10		0				10		0				10		0

		1.5		1.5		15		15		0				15		0				15		0

		2		2		20		20		0				20		0				20		0

		2.5		2.5		25		25		0				25		0				25		0

		3		3		30		30		0				30		0				30		0

		3.5		3.5		35		35		0				35		0				35		0

		4		4		40		40		0				40		0				40		0

		5		5		50		50		0				50		0				50		0

		1.5		1		15		10		5				15		5				15		0.3333333333

		2		1.5		20		15		5				20		5				20		0.25

		2.5		3		25		30		5				25		5				25		0.2

		3		3.5		30		35		5				30		5				30		0.1666666667

		4		4.5		40		45		5				40		5				40		0.125

		5.5		5		55		50		5				55		5				55		0.0909090909

		5.5		5.5		55		55		0				55		0				55		0

						195,250		82,000		113,550				195250
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