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This project focused on designing and eval uating methods for reading barcodes on visud
landmarks. Such landmarks have many applications, including visua tracking, servo-ing, and
mobile robot navigation. Our goa wasto improve apreiminary version of the barcode reader
developed the previous summer in the Middlebury Robotics and Vision Lab.

The only information the robot has about avisud landmark isagrayscale image taken by
itsonboard camera, which meansthere exist many variablesthat complicate the reading of the
barcode. For example, the landmark can be very close or very far; landmarks may be rotated
or skewed, adding foreshortening effects from perspective. We found that almost every
barcode could be read correctly given locdization of the correct corner points of the landmark,
so our first goa wasto design abetter dgorithm for finding these points. Statistical analysis
produced search rangesfor the corners, allowing fast reliable detection of the correct corner
points.

Given thisimproved method, reading the barcode became significantly morerdiable. In
our real-world application, however, interference in the radio transmission of images caused
barcodesto be misread, and at times caused our program to "halucinate” landmarks. In order
to deal with these cases, we used more powerful error-detecting codes, which allowed most
misread codes to be ignored.

Inorder to test the reader, we created adatabase of 393 imageswith varying landmark
orientations, distances from the camera, and lighting conditions. Using these images, we
determined that the new barcode reader found the correct position of the landmark 89% of the
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time, whichissgnificantly higher than the 75% we found when running our preliminary verson
of the barcode reader on the same images. Furthermore, the new reader successfully reduced
the percentage of times awrong barcode was reported from 4.33% to 0.76%.

Currently we are extending our algorithmsto barcodes that convey varying amounts of
information depending on the distance to the camera, and that are tolerant to partial occlusion
of the barcode.
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Theancient game of go, still the most popular strategy gameinthe Far East, has proven
very chdlenging for artificid intelligence (Al) researcherstrying to deve op go-playing programs.
In contrast to the best chess, checkers, backgammon, Othello, and Scrabble programs, all of
which play at or better thanthelevel of thetop human players, the best go programsplay only
a thelevel of advanced beginners. The MiddGo project, begunintheFall of 1999, aimsto
better understand the challenges posed by go and to investigate approachesfor improving the
performance of go-playing systems.

Most strategy gameplaying programsuse brute-forceminimax treesearch withaheuristic
evauation function. Inthegameof go, however, full tree searchisespeciadly expensive. The
branching factor isan order of magnitude greater than chess, and some positionsrequirereading
tensof movesahead. Furthermore, evaluating positionsismoredifficultin go. 1nagame of
chess, the sum of thevalues of each players piecesisan effectiveevaluation function. Sucha
function evauates quickly and iseasy to implement. 1ngo, however, thereisonly onetype of
piece, and each player usually has roughly the same number of pieces on the board. These
factorslimit the effectiveness of minimax tree search in go and require new methods for move
evaluation.

With selective search dgorithms, which limit thebranching factor by diminating movesthat
are unlikely to improve board position, tree search can be more effective. MiddGo has
implemented ladder analys's, which quickly identifiesaspecific pattern of movesthat yied the
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