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ABSTRACT

Computer chess games offer a number of advantages over the original game of chess, for instance the ability to validate moves, to automatically track game statistics, to record games for future reference, and to play against a remote opponent.  Unfortunately, these advantages come at the cost of the traditional physical interface, which has two negative effects on the game.  Firstly, the use of a GUI lessens the social possibilities of the game by limiting the ways in which players are able to interact.  Secondly, hesitation and other body language that can be observed by players using the traditional interface can not be transmitted via the coordinate based moves used in current computer chess games.  Losing this subjective information creates a gulf between players which we seek to bridge as part of this project.  This paper describes the design and prototype of ChessBox, a tangible interface, which unites the traditional interface with computer chess as a first step towards restoring the subjective aspects of chess and reconnecting players.
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INTRODUCTION

Chess is a military strategy game pitting two opponents against one another.  Each player has 16 pieces of varying abilities arrayed on an 8x8 grid.  The objective of the game is to capture the opposing player’s king.  Traditionally, the game is played by two opponents seated opposite one another over the chess board.  However, there are also two classes of electronic chess games available: enhanced playing boards, which provide self contained systems allowing the player to play the computer on an augmented physical board, and computer chess games, which allow the player to play against the computer or a remote opponent using a graphical user interface.
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There are a number of advantages to playing computer chess games rather than playing on the traditional chess board or using an enhanced playing board, for instance the ability to record and playback a game, to track statistics in a tournament setting, to play over a network, and to validate moves.  However, a computer chess game replaces the tangible pieces with a GUI, which alters the game by preventing the board from being surveyed in a natural fashion.  Furthermore, because of the awkwardness of having two people sharing the same computer, the use of a GUI lessens the likelihood of two people playing chess in the same location, thereby reducing the social possibilities of the game. Along with this physical separation comes the loss of subjective information transmitted by players.  For instance, if the player is concerned about their next move they might hesitate before placing their piece or stare intently at one small portion of the board.  On the other hand, if the player is confident of their next move, they might place the piece very quickly while staring intently at their opponent to study their reaction.
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Figure 1: A picture of ChessBox from the outside.  Shown is the web cam looking in at the mirror which reflects the bottom of the playing board to the camera.
ChessBox provides a tangible Interface for interacting with computer chess games. It allows people to play chess against the computer or a remote opponent through a network, and by virtue of restoring the traditional interface it increases the likelihood of two people playing in the same location.  Using ChessBox a player not only sees the board and chess pieces, but can also touch and manipulate the pieces.  The goal of this prototype was to develop a tangible interface to chess that works with off the shelf chess software.  This is an initial step towards bridging the gulf between computer chess players by introducing the traditional interface to the world of computer chess.
The remainder of this text is organized as follows: Related Work presents other tangible interfaces to computerized chess, System presents the physical and software components of the project, Implementation details of the physical and software components used in this prototype, Discussion presents the pros and cons of the prototype and thoughts on how this prototype contributes to the larger goal, Conclusions summarizes the work completed and lessons learned, and Future Work describes remaining items necessary to satisfy the larger goal.
RELATED WORK
There are several other projects which provide Tangible Interfaces for Computerized Chess.  These projects are summarized here.
The Lego Mindstorms Chess project [14] has a motorized “head” below the chess board that moves around on two tracks.  The system is able to move pieces around on the board using a magnet on the head and to determine whether the space above the head is empty or occupied by a white or black piece using a light sensor on the head.  All of the chess logic is coded in a Lego microcontroller.
The Phantom Chess system [12] uses a mechanical arm below the chess board to move pieces which have a small magnet embedded inside of them.  The board is touch sensitive, which provides a mechanism for the system to sense the movement of pieces.  The system has no awareness of individual pieces, but relies on the initial starting place of a piece to infer its type and color.  The system is able to draw attention to a piece by wiggling the piece.
Chess Robot KG-2000 [1] is a hydraulic robot able to play chess with a human on a standard chess board.  The system is able to determine the color and type of the chess pieces using inductive sensors fixed beneath the chess board.  Using the inductive sensors, the system is able to determine that a piece has been moved or captured.
The CHESSTER tangible interface to computerized chess [2] makes use of a large robotic arm with pincers to move pieces on the playing board.  This system uses a computer vision system to track movement on the board.  Like the Phantom Chess system, CHESSTER is unawareness of the a piece’s type and color and infers this information based on the starting position of the piece.

GlyphChess [13] is a chess game played with real pieces on top of a flatbed scanner.  It is possible to check the state of the game at any point using the scanner as there is a unique glyph printed on the bottom of each piece.  The glyphs allow the system to determine the type and color of each piece on the board.
PSyBench [11] is a generic platform for extending shared physical workspaces into a distributed multi-user context. It implements a computerized chess game where players can move a piece on their own chessboard and the corresponding physical piece moves on the remote chessboard.
The purpose of the Lego Mindstorms Chess project was to prove that a chess playing robot could be built using Lego Minstorms.  The Chess Robot KG-2000 and CHESSTER tangible interface to computerized chess focus on the use of robotics to move pieces, and though it is not clear from the existing documentation, it seems that this may also have been the aim of the Phantom Chess project.   The GlyphChess project studies the use of vision to uniquely identify pieces.  This is different that CHESSTER, which used a vision system to track pieces though this does not appear to have been the primary focus of the project.  Psybench provides a shared physical workspace, and its use for chess was peripheral to the primary research.
ChessBox draws on ideas presented in all of these existing projects in its quest to add subjective information to computer chess and to reconnect players, however many of the ideas have been left as future work.  As a result, the main idea explored in this paper is the use of a vision system located below the chess board.  This differs from CHESTER which tracked the pieces from above.  It also differs from GlyphChess in that ChessBox provides continuous piece tracking via the video feed from the web cam.
SYSTEM

Physical Components
The system consists of a wooden box, a webcam, a mirror, two glass-chessboards and a set of glass-chess pieces.  The rational for behind each item is presented in the following paragraphs.
The wooden box is used as a stand for the chess board as well as housing the camera and the mirror.  Slots where cut on three sides to allow the mirror and camera to be manipulated from outside when the chess board is attached to the top of the box.  

There were two reason for enclosing the camera and mirror in a box below the chess board: enclosing the components in the box makes the vision system inconspicuous and allows the piece to be tracked from the bottom.  It was hoped that tracking movement from bottom would simplify the image processing by reducing interference caused by player’s hands when moving the pieces.
The mirror is used to reflect the image of the chess board back to the camera.  This reduces the amount of space needed by the system by allowing the camera to be mounted below the chess board such that its field of vision is parallel to the surface of the chess board.

The chess board must be at least semi-transparent in order to place the vision system below the board.  To this end an inexpensive glass chess-set, with both glass pieces and a glass board, was used in the project.  Each square of the board is 1 inch x 1 inch.  Black squares are clear glass, while white squares have been frosted white.
A web cam is used to track piece movement over the surface of the glass board.   The camera is a Logitech laptop web cam operating at a resolution of 320 x 240 pixels and 30 frames per second.
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Figure 2: The inside of ChessBox. a) The angled mirror (shown in the left photo) reflects b) the bottom of the playing board (shown in the right photo) back at the camera.

SYSTEM

Software Components
The system consists of two independent applications, the GNU Chess engine [5] and the ChessBox software.  These two applications communicate via a pipe, which is the standard method of communicating with the various chess engines, and is, for instance, the method of communication between the WinBoard interface [10] and the GNU Chess engine. 
The GNU Chess engine handles game logic.  It is an open source chess engine with a primitive console interface.  The chess engine has two modes that are used in this project, manual mode, where it validates specified moves, and server mode, where it validates its opponents move and replies with a move of its own.  The chess engine accepts and reports moves in a coordinate based notation. For instance, the move e2e4 specifies that the pawn in position e2, which is in front of the white king, moves forward two positions.
The ChessBox software consists of three main components: a chess logic module, a vision module, and a chess engine module.  Frames captured by the webCam are processed in the vision module and the center coordinate of each piece is passed to the chess logic module.  The chess logic module determines whether or not a piece has been moved and sends the move to the chess engine module, which forwards the move to the chess engine and awaits its response.
The components of the ChessBox software have been written in C/C++ and use the Intel OpenCV project for computer vision.
IMPLEMENTATION

Physical Components
The wooden box used in the prototype was assembled from a single sheet of plywood.  The board was cut into 5 pieces, one for the bottom and one for each of the four sides of the box.  The top of the box was left open so the glass chess board can be placed on top.

The dimensions of the pieces are as follows:

· The two short sides are 9.5 x 6 inches

· The two longer sides are 11.5 x 6 inches

· The bottom piece is 13.5 x 11.5 inches

A 4 x 4 inch slot was cut in each of the long sides to allow the mirror to be adjusted while the chess board is on top, and a 5 x 3 inch slot was cut in one of the short sides to allow the camera to be adjusted while setting up the board.   This was helpful in developing the prototype of the board, but is not necessary in a finished product.

The mirror is 9 x 8 inches, and is mounted against the solid short side such that the mirror forms a 40 degree angle with the base.  This allows the entire chess board to be reflected in the mirror (Fig. 2a).

The web cam is mounted at the other end of the box just outside the slot in the short side such that it looks in at the mirror.  In the original prototype the web cam was mounted inside the box, but to reduce the effects of skew on the image, a larger mirror was used and the web cam was placed further back from the mirror.

The system uses two chess boards on top of each other, positioned such that each square is frosted on one of the boards.  Having each square frosted simplifies the vision system as all pieces appear to be approximately the same color (Fig. 2b).  It also helps to reduce the amount of external interference, such as player’s hands moving over the board, picked up by the camera.  
In an earlier prototype a sheet of white paper was placed under a single chess board to reduce external interference.  While this succeeded in reducing interference, the system was still sensitive to light changes and the white paper complicated piece detection by causing pieces on a frosted square to appear much fainter than those on a clear square.
The center is cut out of the bottom of the black pieces so that the black and white pieces are detectably different in the image.  As a result, the white pieces appear as solid black circles, while the black pieces appear as a ring.
IMPLEMENTATION

Software Components

The ChessBox software consists of three modules, one containing the vision system (vision.cpp/h), another containing the chess logic (chess.c/h), and a final module containing the code for interacting with the chess engine (engine.c/h).  Each of these modules is discussed in the following sections.
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Figure 4: A screen shot showing the “on screen” display of ChessBox.  a) The top “Cygwin” [15]  window in the screenshot shows the output presented to the player while playing the game.  There are two “snapshots” of the board shown in the window.  The first shows the state of the board before the move and the second shows the state of the board after the move.  b) The bottom “Thresholded Image” window shows the current frame after processing.  c) The middle “Original Image” window shows a gray scale representation of the original image.  d) The rightmost image shows the contours identified by the vision system.

Computer Vision
The vision system is based on the OpenCV library [16], which is an open source vision toolkit created by INTEL.  ChessBox uses a combination of image processing algorithms provided in OpenCV to segment the image and identify the chess pieces.  
The vision system is responsible for returning the number of pieces on the board as well as the position occupied by the center of each piece.  When the system first starts, the vision system is also used to identify the four corner pieces, which are used to create a grid representing the chess board.

Finding Chess Pieces
The following describes how each frame is processed.

First, the frame is converted into a grey-scale image to prepare it for processing. The grey-scale image is then smoothed with a Median filter (using a 5X5 mask) to reduce the noise.  The resulting smoothed image is thresholded into a binary image using an adaptive thresholding method which leaves black objects and a white background.
The objects identified through thresholding may not correspond to individual chess piece, as two pieces might be close enough together that they appear connected at this stage.  Thus, the image is eroded to remove pixels from the objects boundary, thereby separating the objects from each other, and then dilated with a circular shaped structuring element which restores pixels to the objects boundary.  This helps to separate the objects, and because of the circular structuring element used when dilating the object, ensures that they have a circular shape.  
After this process, there may still be some connected objects, so the image is smoothed again with a median filter, which also helps to remove any noise that survived the previous steps.  As a final step, to make sure that no objects still overlap, the pixels that represent the borders between the board's squares are erased.  
Now the image is nicely segmented, it is possible to find the position of objects.   To do that, call the contour finding method which returns a series of contours, or sets of connected pixels.  The center of each chess piece can be determined by finding the minimum enclosing circle of each contour and identifying the center point.  
Determine Chess Piece Color
The color of each piece is decided based on the ratio of black and white pixels in the center of the piece.  To check this ratio, the image is again thresholded using the adaptive thresholding method and the region of the image corresponding to the desired piece is examined.  If the number of black pixels is greater than the number of white pixels in the neighborhood the piece is treated as a white piece, otherwise it is treated as a black piece.

Limitations
Following is a list of problems encountered when developing the vision system:

· Room lighting was the most challenging problem. When the light is not distributed evenly, it makes the bottom of pieces have different intensity values, which in turn makes it harder to extract the pieces from the background.

· Reflecting light off the glass chess board. This leads to the problem of detecting objects where in fact there aren't any.

· It was difficult to suppressing the back ground noise resulting from hand movements above the board while ensuring that the pieces could still be identified.
· Distinguishing Black from white pieces. This is needed in the case of capturing a piece when there is more than one piece that could be captured. We solved this problem by making small holes in the middle if the black pieces and checking the center of each piece to see if it has a hole or not.

· Identifying each piece individually. This would be nice to have done. However, it would require a high level recognition algorithm such as the one used in GlyphChess to identify each pattern, which would most likely make the game slower.

· Learning the functionality of OpenCV toolkit. This toolkit provides most of the image processing methods, but the documentation doesn't provide many details as to there function.

To accommodate, in part, the above limitations we made the following adjustments and assumptions:
· Board occupies all of the image’s height
· At least 65% of the piece should be inside its square to be detected correctly
· Surface of the board should have some kind of semi-transparent coating to reduce the effect of moving objects/hands above the board on the image (two glass chess boards with frosting on alternating squares were used in this prototype).

· Camera controls must be adjusted so that the image should have high contrast, causing the background to appear white.
Chess Logic
The chess logic module is responsible for the game logic.  It is primarily responsible for examining the piece locations returned from the vision system to determine whether or not a move has occurred.  If the chess logic module determines that a move has occurred, it passes this move to the chess engine module.

The high-level algorithm for the software is as follows:

· Program startup

· Initialize Chess Board

· Identify Corner Pieces and Create Grid

· While Game In Progress

· Get Current Board

· Update Chess Board
Each of these steps is discussed in more detail below.

Initialization
There are currently two options available when starting the program.  The first determines whether the game will be played against the GNUChess engine or against another human player.  If the game is between two computer players, the second option allows a video to be specified as the input source.  This option was used when developing and testing the system.

The chessboard is initialized with all of the pieces in the standard position.  It is assumed that the white pieces will be positioned on the left hand side of the game board and that white will play first.

The four corner pieces are identified when the game starts in order to create a grid passing through the center of each square on the chessboard.  This is done by splitting the distance between the corner pieces into seven squares.  This gives sixteen intersecting lines which can be used to map a coordinate to a square on the board by identifying the nearest horizontal and vertical line.

Game in Progress
The following process is repeated for each frame received from the camera until the game ends.

Using the computer vision algorithm described above, identify the center of all pieces on the board.  Then the system maps these positions to squares on the chess board by identifying the closest grid lines.  The position and color of all pieces are added to the current board.

If the current board has the expected number of pieces on it, it is compared to the chess board to see if any pieces have been moved or captured.  Initially there will be 32 pieces on the board and this number will decrease by at most one from frame to frame, so at any given point in the game the number of pieces on the board is known. 

If the current board differs from the chess board and has been the same for the last six frames, it is inspected to determine which piece moved.  The board is required to have been the same for the last 6 frames to decrease the likelihood that an intermediate state will be mistaken for a completed move.

The system is responsible for identifying the correct type of move and sending the move coordinates to the chess engine.  If the chess engine indicates that the move was valid, then the chess board is updated and it is the other players turn.  If the chess engine indicates that the move is invalid then the system waits for the user to return the board to the pervious state before play resumes.
There are four possible types of moves: a simple move, where the position of one piece changes; a capture, where one piece moves onto the square occupied by another piece; castling, where the king and a castle each move; and an en passant capture, where a pawn which moved forward two squares is captured by a piece moving onto the square it passed over from its starting position.  

Each of these moves can be identified based on the number of observed differences between the current board and the chess board.  If there are two differences, i.e. one square is empty that was previously occupied and one square is occupied that was previously empty, then a simple move occurred.  If there is one difference, i.e. a piece that was occupied is now empty, then a capture occurred.  If there are four differences, i.e. two squares are now empty that were previously occupied and two are occupied that were previously occupied, castling has occurred.  Finally, if there are three differences, i.e. two empty squares and one occupied square, then an en passant capture has occurred.
When a capture occurs it is necessary to determine which two pieces are involved.  In the case of a simple capture, there will be one difference on the board, i.e. a square which was previously occupied is now empty.  The aggressor, or the piece which initiated the capture, is whatever piece was in the now empty square. However, determining which piece was captured can be complicated.  This is because there could be more than one possible target.  

When using vision to track the pieces, if the system cannot distinguish white and black pieces, as is the case in CHESSTER, then the capture must be completed in two discrete moves, each of which must be observed by the system.  Thus, in one move the piece to be captured would be removed, and in a second move, the aggressor would be moved onto the now vacant square.  However, as ChessBox is able to distinguish white and black pieces, the piece which was captured can be identified by locating the piece on the board whose color changed as part of the last move.

After the user has completed their move, if a two player game is being plated the system indicates that the other player should move now.  If the user is playing against the chess engine, the system waits for the chess engine to return its move.  Once this move has been returned, the virtual board is updated on the computer screen, and the system waits for the user to synchronize the physical board with the virtual board.  

Communication with the Chess Engine
Communication with the chess engine occurs via named pipes.  When the system starts, it starts the chess engine as a separate process and opens a pipe for communication with the process.  By default, the chess engine is started using the --xboard option, which puts it in server mode and the --manual option, which indicates that two human players will be playing.  If the system was started to play against the chess engine, then the manual option is omitted.  

There are only two methods used to communicate with the server, validateMove and readMove.  ValidateMove sends a move to the server and returns true if the server indicates the move is valid.  ReadMove blocks and waits for the computer to indicate its move, which is then returned by the readMove method.
DISCUSSION

This is not the first system implementing a Tangible interface to computer chess games. However, our implementation can be easily recreated and implemented by merely anyone with basic computer knowledge.  Physical components are all readily available, and any webcam can be used to do the vision part. 

A tangible user interface for chess allows the user to play with real pieces, which increases awareness of the each pieces. Chess piece position needed to be input to the system.  Our first choice was to use RFID readers in each of the chess board squares and tags embedded in bottom of pieces. However, due to the time limitation and lack of experience in the field of electronics, we thought of using computer vision to get the input.
Restoring the traditional interface makes it easier for two people who are collocated to play chess against one another using the system, rather than having to share a mouse to use an electronic chess game.

In a testing setup of the system, a few points could be noticed:

· Players tried to move pieces quickly, so the system could not keep up with the pace. That caused the board to be in an invalid state, which halted the game unless the pieces are put back to their last correct state detected by the system.

· When an invalid state (caused by an invalid move or by an undetected move) was reached, no indication -whether by audio or visual feedback - was given to players to let them know which piece(s) need to be corrected.

In Chesster, a camera mounted on top was used to capture the pieces movements with a frame rate of 4.8 seconds per frame. It also needed a yellow brick to be moved onto the side of the board to indicate the completion of a move. In addition, in the case of capturing it was done in two steps.  By comparison ChessBox is able to detect a capture in one step and frames are processed in under 1 second per frame.
In ChessBox the decision to use mirror from underneath was to decrease the effect of outside interference from player’s hands and to allow the board to be self contained.   In addition, detecting pieces from the bottom allows pattern to be printed on pieces which makes it easier to distinguish individual pieces. In the current prototype we simply distinguish white from black, but GlyphChess shows how individual pieces could be recognized.
GlyphChess uses a high-level detection algorithm to distinguish pieces, which on the one hand offers the exciting possibility of being able to distinguish individual pieces, but on the other hand raises some potential issues.
While ChessBox is currently faster than CHESSTER and more dynamic than GlyphChess, it was found that players wanted to play faster than the system was able to process moves.  Thus introducing more complex vision algorithms to recognize specific patterns might make the system even slower, and less likely to be used.  As well, to accurately detect the patterns would require a high resolution camera with no interference.  This would require the use of a clear glass board and internal lighting, however the internal lighting might introduce glare on the board that would negatively affect the vision system.
There are a few drawbacks to current system.  For instance, moves are not always recognized as a piece could be lost when moved or the vision system is unable to determine whether the system is white or black.  As well, the current prototype doesn’t provide enough user feedback, for instance there is no indication other than a message on the screen that the last move was invalid.  The vision system needs to be improved to process the images faster or reduce the number of constant frames that are required before testing the state of the board.
CONCLUSIONS

We designed and implemented a Tangible Interface to computerized chess.  The system provides an effective prototype and is a good first step towards our ultimate aim of adding subjective information to computer chess games. In its current state, it can be used to play a traditional chess game with move validation or play against the computer on a tangible board.
We learned how to use computer vision to identify objects. Although computer vision has made good progress, it is still far from the ability of human vision. Also, it could be difficult to use computer vision to solve the most trivial recognition tasks.
Tracking pieces from the bottom of the board is both possible and worthwhile.  The ability to print patterns on the bottom of the pieces makes it possible to distinguish between white and black pieces, and ultimately should make it possible to distinguish individual pieces.  Being able to distinguish white and black pieces made it possible to resolve a capture that occurred in one step rather than requiring two discrete steps, and being able to distinguish individual pieces will resolve other problems, such as mistaking a shadow on the board for a piece.

FUTURE WORK
There were a few additional features planned for the prototype that were dropped due to time constraints, as well as a number of components that would be required to achieve the final goals of reconnecting players and restoring the subjective information that is lost when playing a computer chess game.  These items and their effect on the final goals are discussed here.
Robotic Arm

The existing tangible chess interfaces demonstrate the viability of having a robotic arm move pieces on behalf of the user.  As a result, we chose not to concentrate on this task for the initial prototype.  However, this is functionality that needs to be present in the final product because it makes playing chess on the system more fluid and natural.  This is because a player will not need to interrupt their thought process to move their opponent’s piece.  
Along with the robotic arm comes the need for a robotic arm control module to handle communication with the arms controller and map moves into the x-y-z coordinate system used by the robotic arm microcontroller.

Audio Cues
We currently have the system “ding” at the beginning of the players turn, however this is the only audio cue given to the user.  There are additional cases where an audio cue would be beneficial, for instance to give the user feedback when they’ve made an invalid move or checkmate has occurred.

Visual Cues

When the computer moves or an invalid move has occurred and the game needs to be reset, it would be nice to give the user this information on the board via a visual cue.  Currently this information is only available as text on the computer monitor.  One way to present this information to the user would be to use a row of LEDs along the chess board.  It would also be possible to use the LEDs to provide a visual cue, in addition to the audio cue, when it is their turn.  The use of visual cues on the game board, combined with appropriate audio cues, would allow the user to play without looking at the screen to check the status of the game.

Vision System

As mentioned above, a more robust recognition algorithm can be implemented to identify the piece type in addition to position and color.  This can be done by attaching a unique pattern on the bottom of pieces of the same type.  Then a high level pattern recognition algorithm can be developed to identify the unique patterns.  We only need 6 different patterns in addition of a mark to indicate the piece color. 
Network Play

An important module to be added to the system is to allow remote playing over a network.  This can be implemented by replacing the current communication via pipes to the chess engine with communication via sockets to a chess server.
Video Display
In order to allow players to observe the body language and actions of a remote opponent a second camera could be used to watch the opponent.  This video could be displayed opposite the player, giving the impression that they were seated across from their opponent.  The camera would be positioned such that it showed the opponent and their board, allowing players to observe hand gestures and facial expressions.

Expression Information

An interesting alternative to the video display might be to transmit expression information along with each move.  For instance, rather than sending the move e2e3 to the remote opponent, the server might send e2e3-fast, indicating that the player had moved the piece quite rapidly.  Then the robotic arm would move the piece faster and the player would still be privy to some of the subjective information that is lost in standard computer chess games.  Assuming the attempt to transmit expression information worked well, this could be used in addition to the video transmission. 
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