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Abstract

Golem Chesster is a novel implementation of physical
human-robot chess using a general robot manipulator
and perception system. We present our approach to suc-
cessful game-play as well as a new strategy for piece re-
covery and board reconstruction when chess pieces fall
during the game. Using our techniques, Chesster par-
ticipated in the 2010 AAAI Robot Chess Challenge and
achieved second place.

This report describes our development and implementation
of an autonomous robot chess player based on general hard-
ware, control strategies and publicly available chess algo-
rithms. First, we detail the implementation of our system,
describe the hardware and software challenges and solutions
developed by our team. Second, we introduce the additional
concern that pieces may fall over during game-play. We
present a novel solution that allows the robot to pick up the
pieces and restore them to proper locations.

Human-Robot Chess

The initial challenge for our team was to implement a robot
chess player using general purpose hardware that was avail-
able in our laboratory. This required solutions to problems
in perception such as object localization as well as robot mo-
tion for grasping and displacing pieces.

Equipment

Our system used general computing on a standard PC with
our publicly available efficient message-passing IPC run-
ning on Ubuntu Linux 10.04. The lowest-levels of our con-
troller operated at a 1khz rate. The implementation required
only three off-the-shelf hardware tools:

Schunk LWA3 7-DOF robot arm composed of rotary mod-
ules creating two wrist-points, one for the wrist, another
for the shoulder and a joint for the elbow.

Schunk SDH 7-DOF robot hand with independent control
of finger joints and tactile sensor arrays on each phalanx.

Mesa SR4000 Time-of-flight sensor that provided 3D per-
ception of the robot’s workspace.
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This hardware proved effective both in our laboratory exper-
iments and during the competition. In order to implement
chess, it required us to overcome a number of challenges.
First of all, our system was required to identify chess piece
locations and respond to moves made by the human. The
actual chess moves were selected by interfacing with the
publicly available Crafty chess engine (Hyatt 1996). We se-
lected this engine as the winner in our private competition
between public-domain chess players.

Having selected a move, the robot was required to move
its hand to grasp a piece, lift it and deliver it to the appro-
priate square. This posed additional challenges in position
and orientation due to the large size of the general-purpose
manipulator and the relatively small size of the board.

Perception

The MESA SR4000 3D point cloud was discretized by clus-
tering to determine piece locations. We used a finite moving
average filter over the point cloud to remove sensor noise.
The robot maintained a state machine to monitor the board
during the intervals that it was not actively manipulating
pieces. Once a piece was displaced by the human player, the
robot detected and announced the move. The board change
was communicated to the Crafty chess engine which com-
puted a response for the robot.

Initially, we experimented with tactile sensor based grasp-
ing of chess pieces. The finger tips moved at a desired
workspace velocity through analytical inverse kinematics
until a threshold was met. For the final implementation, we
found that visual localization of pieces followed by a finger
velocity controller was sufficient for repeatable grasps.

Robot Control

The most challenging component of our implementation was
the control of a general-purpose robot arm that operated in
the small and detailed workspace of a chess board. While the
translational workspace of the robot arm was much larger
than the board, the significant distance between the wrist-
point (intersection of the last three joints) and the finger
tips constrained the space of feasible orientations. Pieces at
outer edges of the board could not be grasped with the hand
pointed straight down. This additional challenge played a
role in our strategy that controlled an arm with seven joints
to perform 6-DOF positioning.
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Figure 1: Golem Chesster participating in the 2010 AAAI Robot
Chess Challenge. Chesster took second place using our approach.

Orientation: We considered a number of options for
grasping pieces given limited wrist orientation. One of the
most effective was an online breadth-first search for analyti-
cal inverse kinematics solutions for the arm around the target
point. Due to our final implementation of control through
Jacobian-based numerical methods, we chose to use the sim-
pler strategy of interpolating orientations based on feasibly
reachable configurations at the ends of the board.

Motion Control: Given target positions and orientations
of the fingers with respect to pieces, we moved the arm
above the board, linearly descending to the pieces and rais-
ing/lowering them. To achieve linear workspace motion, we
applied the damped least squares Jacobian inverse approach:
J∗, (Nakamura and Hanafusa 1986). To minimize drift, we
biased the motion by projecting a nominal configuration
into the Jacobian null-space.

Our integrated methods in perception, control and strategy
gave the robot the capability to play against humans and
other robots at the AAAI Robot Chess Challenge. The robot
grasped pieces and displaced them to appropriate locations
for complete game-play. However, we were also interested
in studying strategies for handling unexpected events.

Fallen Piece Recovery

The most interesting unexpected event during interactive
manipulation of chess pieces by robots and humans is the
possibility that a piece is knocked over, leaving its square
and lying flat on the board. This section describes our inves-
tigation and proposes a solution to this challenge.

One difficulty is the detection of a fallen piece, its loca-
tion and orientation. Rather than tackling this problem, we
assumed knowledge of this information and have since ad-
dressed the challenge in subsequent work. Instead, we fo-
cused on the problem of displacing lost pieces to appropri-
ate squares given known configurations. Given a number of
fallen pieces with known poses, our robot was able to grasp
them and position them in correct locations.

(a) Initial (b) Final

(c) Intermediate 1 (d) Intermediate 2

Figure 2: Robot recovering fallen piece.

Grasp Ordering: One challenge is finding the order in
which pieces are to be moved especially when they fall on
top of one another. This problem can be addressed with our
previous work in planning among movable obstacles (Stil-
man et al. 2007) which places constraints on feasible ob-
jects paths and applies reverse search to determine appropri-
ate displacements.

Regrasping: While our previous manipulation experi-
ments were effective at determining object orders and place-
ments, they did not take into account the possibility that it
might be infeasible to place the object directly into its target
configuration. We were particularly interested in the circum-
stance where the robot grasps a fallen piece from the above
and must reorient it 90 degrees to achieve an upright config-
uration. To do this, the robot hand must also turn the same
amount. Due to the large size of the hand with respect to the
board and the pieces, this commonly leads to collisions be-
tween the hand and its environment. When such a collision
is anticipated, we choose a different strategy.

Our approach was to allow the robot to select a position
for the piece outside the board as an intermediate configura-
tion for the fallen piece. This manipulator places the piece
upright without making contact with either the board or the
pieces. Afterwards, the robot can re-grasp the piece in the
nominal (upright) configuration and place it properly on the
board. This approach is demonstrated in Fig. 2.

Conclusion

In this report, we presented an effective chess-playing sys-
tem that successfully competes against humans and other
robots. We also described progress towards uncertainty han-
dling through piece recovery. Our future work will integrate
perception with recovery and develop reliable methods for
handling broader ranges of uncertainty.

38



References

Hyatt, R. 1996. The CRAFTY Chess Software. Public Do-
main. ftp://ftp.cis.uab.edu/pub/hyatt.
Nakamura, Y., and Hanafusa, H. 1986. Inverse kinematics
solutions with singularity robustness for robot manipulator
control. Journal of Dynamic Systems, Measurement, and
Control (108):163–171.
Stilman, M.; Schamburek; J.U.; Kuffner, J.; and Asfour, T.
2007. Manipulation planning among movable obstacles. In
Proc. IEEE International Conference on Robotics and Au-
tomation, 3327–3332.

39



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [630.000 810.000]
>> setpagedevice


