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Abstract—We develop the system which automatically
carries out Go-record from the image of the Go-game situ-
ation. For the Go-record, Go-stone has to decide its posi-
tion on the 19x19 cells of the Go-board which we call Go-
coordinates. In our system, the Go-board is shot in various
directions with the CCD camera. In this case, it is difficult
to directly extract accurate Go-coordinates in the image.
However, we are able to extract accurate Go-coordinates
if the area of the Go-board is recognized accurately. But,
it is difficult to manually decide the four corners of a Go-
board in the appropriate time and at the pixel unit. Conse-
quently, in the first step, the contour of the Go-board has
to be automatically recognized from the image which in-
cludes unrelated objects. In this paper, we propose the pat-
tern matching algorithm for the extraction of the accurate
Go-coordinates in the image using the genetic algorithm
(GA) within several 10 seconds. We evaluated the proposed
algorithm on the prototype using the proposed algorithm by
dealing with the image which includes unrelated objects.
As aresult, it has been verified that the prototype generates
the correct Go-record.
key words: Genetic Algorithm, pattern matching, accurate
Go-coordinates, Go-record

1. Introduction

The Go-record is carried out by the third person in man-
ual operation. It takes several hours to play Go-game.
Therefore, automating the Go-record has a large advan-
tage. Then, we develop the system which automatically
carries out Go-record from the image of the Go-game sit-
uation. For the Go-record, the Go-stone has to decide its
position on the 19x19 cells of the Go-board which we call
Go-coordinates. It is easy to directly extract accurate Go-
coordinates in the case of using the camera fixed on the top
of the Go-board.

In our system, the Go-board is shot in various direc-
tions with CCD camera. Every time the Go-players play
Go-game, the direction and the position of the camera are
changed. Therefore, the shape of the Go-board in the image
is transformed into the various shapes of the polygon with
four tops. And, these shapes have no geometrical similar-
ity one another. An example of Go-board view under these
conditions is shown in Fig.1. In this case, it is difficult
to directly extract accurate Go-coordinates in the image.
However, we are able to extract accurate Go-coordinates if
the contour of the Go-board is recognized accurately. Con-
sequently, in the first step, the contour of the Go-board has
to be recognized from the image which includes unrelated
objects.

For a detection of the shape, Hough Transform [1][2][3]
is commonly used. Generalizing the Hough Transform [2]
is able to detect arbitrary shapes. But, in this method, the
detected arbitrary shapes have to be the same geometri-
cal similarity as a template. Therefore, we can’t use this
method for our system, because the shape of the Go-board
in the image has no geometrical similarity. For example,
in the application program [3] using the generalizing the
Hough Transform, the shapes of the target objects are sim-
ilar circles or similar rectangles.

Figure 1: Gray level image of Go-board. Horizontally 320
pixels, vertically 240 pixels.

Therefore, since we can’t use these conventional meth-
ods for the detection of the shape, we propose new tech-
nique to accurately extract the contour of the Go-board in
the image using a genetic algorithm. A genetic algorithm
is a new algorithm for searching of an optimum solution.
One of advantages of a genetic algorithm has characteristic
as global search. Then, it is hard to be trapped at local so-
lution. One of defects of a genetic algorithm is not suited
for the real-time processing. However, its defect does not
influence so much in our system, because we may detect
the contour of the Go-board for once the entrance of the
playing Go-game.

Many researches for image pattern recognition using a
genetic algorithm are reported [4][5][6]. The method [4]
is not very effective to accurately extract the shape. The
method [5] is a technique combined the generalizing
Hough Transform with Genetic Algorithm. The purpose
using GA is to search a most heavy vote in the parameters’
space of generalizing Hough Transform. In this method,
the detected arbitrary shapes have to be the same geomet-
rical similarity as a template. The method [6] is a hybrid
of a Genetic Algorithm and a simulated annealing. Using
this method, the shape is extracted accurately, but the target
shape has to be a geometrical similarity also. Therefore, we
can’t use these methods.
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In this paper, we propose the pattern matching algorithm
for accurate extraction of the Go-coordinates in the image,
which is shot from the various directions, using the genetic
algorithm (GA). And, in our experimental results, we show
that our proposed algorithm is effective for accurate extrac-
tion of Go-coordinates. We evaluated the proposed algo-
rithm on the prototype by dealing with the image which
includes unrelated objects. As a result, it has been verified
that the prototype generates the correct Go-record.

2. Methods and Procedures

The algorithm for the recognition of Go-board countor
consists as following. Repeated steps between repeat and
until are named Genetic Algorithm. In the last step, the
template, which is the best approximate Go-board contour,
is formed.

1. Input a gray level image which includes a Go-board
and unrelated objects, and then it is binarized.

Create the initial population.
repeat
Compute fitness value for each individual.

Elite saving, crossover, and mutation.

2 S

until the elite individual fitness is not improved during
ten generations.

7. Output the last elite individual.

We describe the details of our proposed genetic algorithm
in the following.

2.1. Chromosome

We utilize the template for the recognition of the Go-
board contour. The shape of the template is the polygon
with four tops. We describe this template with T; which is
shown in equation (1). The suffix ”;”” shows the individual
number in each generation.

T, €' (A%, Ay, Bx;, Byi, Cx;, Cyi, Dx;, Dy) 1)

We use this template(T;) as a chromosome in GA. And,
this one chromosome is correspondent to one individual in
GA. Eight coordinate values of T; are respectively corre-
spondent to eight genes in GA. T; is expressed as a string
of the one dimension in the computer data format. X coor-
dinate value of a gene is 9 bits, and Y coordinate value of a
gene is 8 bits.

The initial value of chromosome is generated randomly
as follows. At first, point O shown in Fig.2 is decided ran-
domly in the image. At second, poing A in Fig.2 is de-
cided randomly in the left side and upper side of point O.
Equally, point B, point C, and point D are decided. When
new chromosomes whose coordinates (Ax;, Ay;), (Bx;, By;),
(Cx;, Cy)), and (Dx;, Dy;) are generated in each operation
of elite saving,clossover, and mutation, these coordinates
are checked by the similar conditions in the case of Fig.2.
For example, point A is checked as Ax < Bx;, Ax < CX;,
Ay; < Cy;, and Ay; < Dy;. Therefore, the order of the four
tops of polygon is fixed.

Figure 2: Generation of initial template.

2.2. FitnessMeasure

For the fitness measure, we propose the function in
which the fitness is improved with the template approach-
ing to the contour of the figure which resembles the ap-
proach polygon with four tops in the binary image. The
function, f;, is shown in the equation (2). The suffix ”;”
shows the individual number.

fi = (Ms/Ts) x (Ms /Gs) 2

In the equation (2), Gsis a set of white pixels in the bi-
nary image. Ts is a set of pixels inside template. Mg is a
set of pixels of GsN Ts. First term of equation (2) means
a degree of similarity between a region surrounded with a
template and a white region in the binary image. Second
term of equation (2) means a degree the size of a white
region surrounded with a template. Therefore, first term
becomes larger value, if there is a white region which is
similar to a template region than any other. Second term
becomes larger value, if there is a larger white region over-
lapped with a template than any other. Then, the product of
first term and second term selects the largest polygon with
four tops estimated as a Go-board. Though this function is
simple, the region of a Go-board can be precisely detected,
even if the noise exists in circumference and inside in the
region (e.g.Fig.6).

2.3. Selection
For the clossover, we adopt the model which can leave

the child at the probability in proportion to the fitness of
each individual.

Pi = @)

j=0

P; in the equation (3) gives the probability which selects
chromosome. “Total” in the equation (3) is a number of
population. For the crossover, each chromosome is selected
in proportion to the f;.

2.4. Crossover

Every gene of two chromosomes selected on f; has a
crossover point. Then, one bit of each gene is exchanged
each other at random. This situation is shown in Fig.3.
Each gene value in the selected chromosome is decided at
random.
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Selected chromosome| Ax ‘Ay ‘ Bx ‘ By ‘ Cx‘ Cy I Dx ‘ Dy|

Exchange 1 bit, its position
is decided randomly

8 genes

8 genes

",

Selected chromosom‘e\~| Ax ‘AY ‘BX ‘ By ‘ CX‘ Cy l DX;‘ Dy |

Figure 3: Situation of crossover.

2.5. Elite Saving Strategy

We used two elite saving strategy modes for the simula-
tion. The first mode which we call mode A, the elite chro-
mosome is selected, and it is copied to new chromosome.
The new chromosome is inserted into the next generation.
Mode A is a standard technigue in genetic algorithm. We
propose the second mode which we call mode B. Mode B is
the elite strategy mode for combining a global search with
a local search. At mode B, seventeen new chromosomes
are generated from the elite chromosome. One new chro-
mosome is a duplicate chromosome of the elite chromo-
some. By increment or decrement the value of each gene
with one bit, sixteen new chromosomes are generated for
a local search. These seventeen new chromosomes are in-
serted into next generation. The Mode B is the technique
which supplements the defect of a global search. Mode B
is shown in Fig.4.

Elite Chromosame

[ [a [o [ [ox [ [ox [ ]

i generate

[ oy [Bx [oy [ex [Gy [ox [0y ]

New Chromosome 1

Mew Chromosome 2 |m¥-1 Ay | Bx |B}’ |CX | Cy |Dr |Dy |

Change: A'x = Ax+1

MNew Chromosome 17 |A¥ |AJ"|BX |B.V |Cx | Cy |Dx Fﬂ*‘
Change: D'y = Dy -1

Figure 4: Elite saving strategy -Mode B- .

2.6. Mutation

In a mutation, new chromosomes are generated accord-
ing to mutation-rate from the elite chromosome in each
generation. One of four tops in a chromosome is selected
randomly, and its value is changed at random.

3. Resaults

We evaluated the proposed algorithm. We show experi-
mental parameters of GA at Table 1.

We did experiment on the binarized Go-board image.
The elite fitness in Fig.5 is saturated under 81 percents, be-
cause the image includes many unrelated objects. The last
elite template in Fig.6 matches sufficiently with the contour
of the binarized Go-board image.

Table 1: Parameters of GA in experiments.
Population size 200
Crossover rate 1.0
Mutation rate 0.08
Elite saving Mode B
End condition until elite fitness is not improved
during 10 generations
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Figure 5: Fitness value in binarized image using Mode B.
The processing of GA is terminated in 48 generations, as
the elite individual fitness is not improved during last ten
generations.

Figure 6: Initial elite template and last elite template in
binarized image using elite saving strategy Mode B.

In Fig.7, we superimposed the Go-coordinates on the
gray level Go-board image in Fig.1. The Go-coordinates
are generated by projective transformation according to the
last elite template in Fig.6. Since the last elite template in
Fig.6 matches very well with the Go-board contour, the Go-
coordinates in Fig.7 correspond very well with the position
of Go-stone.

Figure 7. Superimpose the Go-coordinates on Fig.1. The
Go-coordinates are generated by projective transformation
according to the last elite template in Fig.6.
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4. Prototype System

We implemented the prototype system using our pro-
posed algorithm. This system automatically generates the
Go-record from the images shot with CCD camera. And,
it is composed of three units only. These units are one
1.10GHz note PC, one digital camera, and one pair of
switches which tells the system to set the Go-stone on the
Go-board. The overview of the prototype is shown in Fig.8.
The outline of the prototype is described below.

Figure 8: Prototype system for automatic generation of Go-
record.

4.1. Procedure of Generation of Go-record

The procedure of generation of Go-record by the pro-
totype system is composed of following five stages. Our
proposed algorithm is used in third stage.

1. Image is got at switch pushed point in time.
2. Image is binarized using Ohtsu method.

3. Go-coordinates is extracted using our proposed algo-
rithm.

4. The position of Go-stone is decided according to Go-
coordinates, and the Go-record is generated.

5. Go-record is displayed on the viewer.

4.2. Resultsusing Prototype

We evaluated the prototype system under stable lighting
in the room. We reproduced the conditions of the Go-game
played by the professional Go-player. We can play a Go-
game after processing the above stage 1, 2, and 3 in about
30 seconds to 60 seconds. The situation of the Go-game
from Go-stone number 1 to Go-stone number 130 is shown
in Fig.9, and its correct Go-record, which is automatically
genatated by the prototype system, is shown in Fig.10.

5. Conclusions

We proposed the pattern matching algorithm for the au-
tomatic extraction of the accurate Go-coordinates in the im-
age using the genetic algorithm within several 10 seconds,
as it is difficult to manually decide the four corners of a
Go-board in the appropriate time and at the pixel unit. We
evaluated the proposed algorithm on the prototype using
the proposed algorithm by dealing with the image of the
Go-game situation. As a result, it has been verified that
the prototype generates the correct Go-record. In future,
we will verify our proposed algorithm in various cases, and
improve our proposed algorithm and the system for auto-
matic generation of Go-record.

221

=10l x]
PHME  MEBHE!

F =3 =gn

[
ARIRF - BIHER

IO T
200065/,
22300

i

Ill‘_. {

o el Y T e Lo
(10480 12) 6 (8 )ss B 71 8 1 |
(i s ) |-~ I
Yogisoe * %

Figure 10: Go-record from Fig.9.
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