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Baxter Humanoid Robot

ÅDesigned for industrial automation

ÅCompliant, safe to use around humans (no safety cage!)

ÅPossible human-robot interaction applications



Chess Robots

The Mechanical Turk, c.1783

KUKA Monster and CHESSkarobots, 2012
https://jeremynicholl.photoshelter.com/image/I0000ylUIaOP6QhE



Chess Robots

ÅThere are three problems to solve:

Perception
ά²Ƙŀǘ ƛǎ ǘƘŜ ŎǳǊǊŜƴǘ ƎŀƳŜ ǎǘŀǘŜΚέ

Computation
ά²Ƙŀǘ ƛǎ ǘƘŜ ōŜǎǘ ƴŜȄǘ ƳƻǾŜΚέ

Actuation
άIƻǿ Řƻ L Ǉƭŀȅ ǘƘŜ ƳƻǾŜΚέ



Perception

ÅMost implementations simplify the problem significantly

http://www.eurochess.de/media/catalog/product/1/_/1.png_4.jpg

DGTboardsusesensors
embeddedin the board
and pieces to detect
positionor occupancy

ÅBoards often have to be in fixed positions

ÅWhen CV is used, simplifications include:
ÅNon-standard colours [2]

ÅMounting the camera directly above the board [3][4]



Perception

ÅBaxter has an embedded camera in the arm



Perception

ÅWe process a 1280x800 image in OpenCV

ÅCamera held at 0.4 radians from the perpendicular
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Dynamic Hough Line Transform

ÅIterative determination of appropriate vote threshold

ÅSegments image and uses different thresholds

ÅReduces impact of perspective distortion

Vote thresholds of 100, 150, 200, 250, 300, our dynamic houghline transform, final output



Robust Occupancy Detection

ÅMethod A: Canny edge detection + morphological closing

ÅMethod B: Morphological edge detection

ÅHybrid approach more resistant to lighting changes/grads

a) greyscale, b) after contrasting and morphological closing, c) occupancy for 
method A, d) occupancy for method B, e) final occupancy. 
False positives from method A and B alone highlighted in red



Perception

ÅGame state perception reasonably resistant to position, 
orientation, and lighting changes

ÅDifferential image approach
ÅWhat changed in the game state between frames?

ÅSquare numbers of moved piece(s) identified

ÅConverted to UCI algebraic format (e.g. g1f3)

ÅMove is handed over to the computation subsystem


