
(19) United States 
US 2003.0062675A1 

(12) Patent Application Publication (10) Pub. No.: US 2003/0062675 A1 
NOro et al. (43) Pub. Date: Apr. 3, 2003 

(54) IMAGE EXPERIENCING SYSTEMAND 
INFORMATION PROCESSING METHOD 

(75) Inventors: Hideo Noro, Tokyo (JP); Hiroaki Sato, 
Tokyo (JP); Taichi Matsui, Kanagawa 
(JP) 

Correspondence Address: 
FITZPATRICK CELLAHARPER & SCINTO 
30 ROCKEFELLER PLAZA 
NEW YORK, NY 10112 (US) 

(73) Assignee: Canon Kabushiki Kaisha, Tokyo (JP) 

(21) Appl. No.: 10/254,789 

(22) Filed: Sep. 26, 2002 

(30) Foreign Application Priority Data 

Sep. 28, 2001 (JP)...................................... 2001-300544 
Sep. 28, 2001 (JP)...................................... 2001-300545 

POSITION AND 

Publication Classification 

(51) Int. Cl." ........................................................ A63F 3/00 
(52) U.S. Cl. .............................................................. 273/237 

(57) ABSTRACT 

The invention intends to increase the feeling of reality in a 
board game in addition to the interestingness of the game 
itself and to facilitate understanding of the proceeding 
Situation of the game. 
The invention provides an image experiencing System for a 
game which proceeds by placing items on a game board, 
comprising player position/attitude determining unit for 
determining the position/direction information of the view 
of the player, a generation unit for generating computer 
graphics based on the items on the game board, according to 
the position/attitude information of the view of the player, 
and a head-mounted display for displaying the generated 
computer graphics in Superposition with the image of the 
real field. 
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IMAGE EXPERIENCING SYSTEMAND 
INFORMATION PROCESSING METHOD 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a mixed reality 
technology for providing a game which proceeds by posi 
tioning items on a game board. 
0003 2. Related Background Art 
0004 Among various games, there is already known a 
board game, which utilizes a board including areas divided 
thereon and proceeds by placing, removing or displacing 
pieces on Such areas. Among the games utilizing objects of 
certain three-dimensional shapes as Such pieces, there are 
well known, for example, chess, checker, backgammon, igo, 
Japanese chess, Japanese backgammon etc. Also there are 
known games utilizing cards as Such pieces, called card 
games. The games utilizing playing cards are known in 
numerous kinds, Such as bridge, Stud poker, draw poker, 
black jack etc. 
0005 Also among the card games, there is known so 
called card battle, which utilizes cards Specific to the game 
and in which each card is given a Specific function. Also 
many games utilizing the playing cards do not use a par 
ticular board because the divided areas are quite Simple, but, 
in Such games, it can be considered that a board including 
invisible divided areas is present and its existence is recog 
nized and shared by the players. 
0006 Such board game or card game itself often assumes 
a certain event, and the item (for example piece) often 
assumes a particular animal or a particular perSon. The board 
or piece has a shape determined in advance, and the pattern 
thereof does not change according to the proceeding of the 
game. 

0007 On the other hand, there is also known a game 
utilizing the MR (mixed reality) technology. In Such game, 
the environment of the game is constructed with a real 
Setting with Scene Settings and Stage properties, and the 
players execute the game by actually entering Such envi 
ronment. In most cases, each player wears a See-through 
HMD (head mounted display), which displays a CG (com 
puter graphics) image matching the proceeding of the game, 
in Superposition with an image that can be seen when the 
HMD is not worn. 

0008. In the conventional board games mentioned above, 
the shape or pattern of the pieces do not change according 
to the situation of the game. For example, in a battle Scene, 
it is not that an actual battle takes place in front of the player, 
or, in case the player draws a card indicating “the angel gives 
an instruction', it is not that an angle actually Speaks up. 
0009. Therefore, even though the game itself assumes a 
certain Scene, the game lacks the feeling of reality because 
of the lack of corresponding display. Also for a similar 
reason, it is difficult to grasp the Situation of proceeding of 
the game at a sight. 

0010. On the other hand, the conventional MR game 
mentioned in the foregoing provides Sufficient feeling of 
reality but involves a very tedious Setting of the game 
environment. There is often required a large-scale work for 
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preparing the Scene Setting, and the positions of the objects 
in the Setting have to be measured for each Setting. It is also 
difficult to alter the content of the game. 

SUMMARY OF THE INVENTION 

0011. In consideration of the foregoing, an object of the 
present invention is to improve the feeling of reality of a 
board game in addition to the interestingness thereof, and to 
facilitate understanding of the situation of proceeding of the 
game. 

0012 Another object of the present invention is, in com 
parison with the conventional games utilizing the MR tech 
nology, to facilitate installation of the Setting and to enable 
relatively flexible alteration of the content of the game. 
0013 The above-mentioned objects can be attained, 
according to the present invention, by an image experienc 
ing System for a game which proceeds by placing items on 
a game board, the System comprising: 

0014) player position and attitude determining 
means for obtaining position/attitude information of 
the View of a player; 

0015 generation means for generating computer 
graphics according to the items of the game board, 
corresponding to the position/attitude information of 
the View of the aforementioned player, and 

0016 a head mounted display capable of displaying 
thus generated computer graphics in Superposition 
with the image of a real world. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 is a view showing an example of the 
configuration of an image experiencing System in a first 
embodiment; 

0018 FIG. 2 is a view showing a board and the appear 
ance thereof in calculating the height of View point of a 
player; 

0019 FIG. 3 is a view showing the internal configuration 
of a see-through HMD; 
0020 FIG. 4 is a view showing an example of the 
configuration of an image experiencing System in a first 
embodiment; 
0021 FIG. 5 is a view showing an example of the 
configuration of an image experiencing System in a Second 
embodiment; 
0022 FIG. 6 is a view showing an example of the 
configuration of an image experiencing System in a third 
embodiment; 
0023 FIG. 7 is a UML activity chart showing the process 
of a most likelihood position and attitude determining unit 
constituting a component of the image experiencing System 
of the third embodiment; 

0024 FIG. 8 is a chart indicating the difference between 
a value, measured with a position and attitude Sensor con 
Stituting a component of the image experiencing System of 
a fourth embodiment, and a real value as a function of 
elapsing time; 
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0025 FIG. 9 is a view showing an example of the 
configuration of an image experiencing System in a fourth 
embodiment; 

0026 FIG. 10 is a UML activity chart showing the 
process of a position-and-attitude Sensor information pro 
cessing unit constituting a component of the image experi 
encing System of the fourth embodiment; 
0.027 FIG. 11 is a view showing an example of the 
configuration of an image experiencing System in a fifth 
embodiment; 

0028 FIG. 12 is a UML activity chart showing the 
process of a most likelihood position and attitude determin 
ing unit constituting a component of the image experiencing 
system of the fifth embodiment; 
0029 FIG. 13 is a view showing an example of the 
configuration of an image experiencing System in a sixth 
embodiment; 

0030 FIG. 14 is a UML activity chart showing the 
process of an attitude Sensor information processing unit 
constituting a component of the image experiencing System 
of the sixth embodiment; 

0031 FIG. 15 is a view showing an example of the 
configuration of an image experiencing System in a Seventh 
embodiment; 

0032 FIG. 16 is a UML activity chart showing the 
process of a piece operation recognition unit constituting a 
component of the image experiencing System of the Seventh 
embodiment; 

0033 FIG. 17 is a view showing an example of the 
configuration of an image experiencing System in a tenth 
embodiment; 

0034 FIG. 18 is a view showing an example of card 
patterns to be used for explaining the function of the image 
experiencing System of the tenth embodiment; 

0.035 FIG. 19 is a view showing recognition areas on a 
card, to be used for explaining the function of the image 
experiencing System of the tenth embodiment; 

0036 FIG. 20 is a UML activity chart showing the 
process of a piece image recognition unit constituting a 
component of the image experiencing System of the tenth 
embodiment; 

0037 FIG. 21 is a view showing an example of the 
configuration of an image experiencing System in a eleventh 
embodiment; 

0038 FIG. 22 is a UML activity chart showing the 
process of an on-board piece image recognition unit consti 
tuting a component of the image experiencing System of the 
eleventh embodiment; 

0039 FIG. 23 is a view showing an example of the 
configuration of an image experiencing System in a twelfth 
embodiment; 

0040 FIGS. 24 and 25 are UML activity charts showing 
the process of a piece operation recognition unit constituting 
a component of the image experiencing System of the 
twelfth embodiment; 
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0041 FIG. 26 is a view showing an example of the 
configuration of an image experiencing System in a thir 
teenth embodiment; 

0042 FIG. 27 is a view showing the difference in the 
output from the piece image recognition unit, for explaining 
a piece image recognition-guide display instruction unit 
constituting a component of the image experiencing System 
of the thirteenth embodiment; 

0043 FIG. 28 is a UML activity chart showing the 
process of the piece image recognition-guide display 
instruction unit constituting a component of the image 
experiencing System of the thirteenth embodiment; 
0044 FIG.29 is a view showing an example of the guide 
to be displayed in the display unit of the HMD by the image 
experiencing System of the thirteenth embodiment; 
004.5 FIG. 30, composed of FIGS. 30A and 30B, and 
FIG. 31, composed of FIGS. 31A, 31B and 31C, are views 
showing examples of the configuration of an image experi 
encing System in a fourteenth embodiment; 

0046 FIG. 32 is a view showing a fifteenth embodiment 
in a conceptual image; 

0047 FIG. 33 is a schematic view showing the configu 
ration of the fifteenth embodiment; 

0048 FIG. 34 is a view showing markers; 
0049 FIG. 35 is a view showing guides; 
0050 FIG. 36 is a view showing card identification; 
0051 FIG. 37 is a view showing a phase proceeding by 
Voice; 

0.052 FIG. 38 is a flow chart of a card reading unit; 
0053 FIG. 39 is a flow chart of a position and attitude 
grasp unit; and 
0054 FIG. 40 is a flow chart of a game management unit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0055. Now the present invention will be clarified in detail 
by the following description, which is to be taken in con 
junction with the accompanying drawings, in which equiva 
lent configurations are represented by Same numbers. 
0056. In the image experiencing system to be explained 
in the following, each player wears a see-through HMD 
(head mounted display) for displaying CF (computer graph 
ics) in Superposition with the actual situation of the board 
game or card game, executed in a limited field of a game 
board. The CG changes according to the proceeding of the 
game. For example, in a chess game, a knight piece is 
represented by CG of a knight on horse back, and at the 
displacement of the piece, the CG shows a running horse. 
Also, when a piece captures an opponent piece, there is 
given fighting and winning CG against CG corresponding to 
the opponent piece. 
0057 Such image experiencing system provides, in addi 
tion to the interestingness of the actual board game itself, an 
improved feeling of reality and facilitates grasping the 
Situation of proceeding of the game. 
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0.058 Also in comparison with the conventional game 
utilizing the MR technology, the image experiencing System 
of the present invention is easier in Setting and allows to 
relatively easily accommodate alteration of the content of 
the game. 

0059) (First Embodiment) 
0060 FIG. 1 is a view showing an example of the 
configuration of the image experiencing System of a first 
embodiment. 

0061 There is provided a game board 101 constituting 
the field of game, and players execute the game by placing, 
removing or moving pieces on the board 101. The player 
wears a see-through HMD 103 in playing the game. A 
position and attitude sensor 104 is fixed to the HMD 103 and 
detects the position and attitude of the view of the player. 
0.062. In the following there will be given definitions for 
the terms “position/attitude (posture)”, “position” and “atti 
tude” to be used in the present specification. “Position/ 
attitude” includes both the “position” and “attitude”. Thus, 
“position/attitude information” means both the “position 
information” and “attitude information'. 

0.063 “Position” means information indicating a point in 
a specified Spatial coordinate System, and is represented, in 
case of an XYZ orthogonal coordinate System, by a set of 
three values (x, y, z). Also in case of representing an object 
on the earth, there can be employed a set of three values of 
a latitude, a longitude and a height (or a depth). "Attitude' 
means a direction from the point represented by the “posi 
tion', and can be represented by the position of an arbitrary 
point on Such direction, or, in case of the XYZ orthogonal 
coordinate System, by the angles of the Viewing line with the 
axes of the coordinate System or by Specifying a direction of 
the viewing line (for example -Z direction) and indicating 
the amounts of rotation from Such specified direction about 
the axes of the coordinate System. 
0064. In the absence of other limiting conditions, the 
“position” has 3 freedoms, and the “attitude” also has 3 
freedoms. 

0065. The position and attitude sensor is capable of 
values of 6 freedoms on “position” and “attitude”. 
0.066 Such position and attitude sensor is commercially 
available in various forms, for example one utilizing a 
magnetic field, one based on image processing of a marker 
photographed by an external camera, or one based on the 
combination of a gyro Sensor and an acceleration Sensor. 
0067 Because of the nature of the board game, the head 
position of the player Scarcely changes during the play. It is 
therefore possible also to use the position information cali 
brated at the Start of the game and to use an attitude Sensor 
which measures the attitude information only. In Such case, 
the measurement is made only on the attitude information of 
3 freedoms during the game, but the System can process the 
values of 6 freedoms including the position information 
initially calibrated. In other words, the attitude Sensor and 
the calibrated position data can be considered to constitute 
a position and attitude Sensor. 

0068 FIG. 2 shows a method of calibration before the 
game. A game board 101 is provided with markers 201 for 
identification on four corners. For the purpose of Simplicity, 

Apr. 3, 2003 

it is assumed that the markers 201 are provided in a Square 
arrangement, with a length of a side of unity (1). The player 
is positioned in front of the board, with a view point 202 
positioned at the center position of the board and at a 
distanced from the front side of the board. When the player 
observes the board in this state, the rear side of the board 
appears shorter than the front Side. Based on an observed 
length m of the front Side and an observed length m of the 
rear side, the height h of the view point 202 from the plane 
of the board 101, though dependent on the projection 
method, can be determined as: 

0069. The input/output of the image to or from the HMD 
103 and the position/attitude information from the position/ 
attitude Sensor 104 are processed by a game console or a PC 
102. 

0070 FIG. 3 is a view showing the internal configuration 
of the see-through HMD 103, which includes a video 
See-through type and an optical See-through type. 

0071. In case of the video see-through type, the light from 
the external field does not directly reach the eyes of the 
player. The light from the external field is deflected by a 
two-sided mirror 301 and enters an image pickup device 
302. An image presented to the player is displayed on a 
display device (display unit) 303 and enters the eyes the 
player via the two-sided mirror 301. If the output image of 
the image pickup device (image pickup unit) 392 is directly 
supplied to the display device 303, the HMD becomes a 
mere Seeing glass, but Such output image is processed by the 
game console or PC 102 in the course of such supply to 
display the generated CG in Superposition. 

0072. In case of the optical see-through type, the light 
directly reaches the eyes of the player, and the Separately 
generated CG are simultaneously displayed and appear in 
Superposition to the eyes of the player. 

0073. The light from the external field pass through a half 
mirror and enters the eyes of the player. At the same time, 
an image displayed on a display device is reflected by the 
half mirror and enters the eyes of the player. The image 
pickup device is unnecessary in this case, but it is required 
if an image at the view point of the player is used in image 
processing. Instead of the image pickup device 302, a 
Separate camera for image processing may be fixed on the 
HMD 103. 

0074 The game console or PC 102 manages the proceed 
ing of the game as in the ordinary game. 

0075. In case of a board game, the required position/ 
attitude information is limited to the position/attitude rela 
tionship between the board 101 and the HMD 103, and there 
is not required Setting of the Scene or Stage properties at each 
installation or the calibration of the Sensors to be mounted on 
the players. 

0076. The present embodiment requires only a more 
compact Set, in comparison with the MR game, and is easy 
in the installation work, including the calibration. The 
details of the MR game are described, for example, in the 
22A: Mixed Reality in the papers of the fourth Convention 
of the Japanese Virtual Reality Society, by “Design and 
Implementation for MR Amusement Systems”. 
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0077. The present embodiment can also improve the 
feeling of reality in comparison with the conventional board 
gameS. 

0078 FIG. 4 shows an example of the configuration of an 
image experiencing System in which the present embodi 
ment is applied. 

0079 The game console or PC 102 manages the proceed 
ing of the game by a game management unit 401. A CG 
generation unit 405 generates CG (computer graphics) cor 
responding to each Scene. For generating a CG image Seen 
from the view point of the player, the CG generation unit 
405 acquires the position and attitude information of the 
View of the player from a player position and attitude 
determining means 402, which includes, for example, a 
position and attitude Sensor 104, and a position/attitude 
Sensor information processing unit 403 for analyzing Such 
information thereby determining the position and attitude 
information of the view of the player. 

0080. The position and attitude sensor information pro 
cessing unit 403 executes, for example, a format conversion 
of the data obtained from the position and attitude Sensor 
104, a transformation into a coordinate System employed in 
the present System, and a correction for the difference 
between the mounting position of the position and attitude 
sensor and the view point of the HMD 103. 

0081. The CG, generated in the CG generation unit 405 
and corresponding to an image Seen from the view point of 
the player, are Superimposed in an image composition unit 
404, in case of the HMDof video tYsee-through type, with 
an image obtained from the image pickup unit 302 of the 
HMD 103, for display on the image display unit 303. 

0082 In case of the HMD of optical see-through type, the 
image pickup unit 302 and the image composition unit 404 
can be dispensed with Since the image Synthesis is unnec 
essary, and the output of the CG generation unit 405 is 
directly displayed on the display unit 303. 

0.083. The game management unit 401 stores information 
relating to the game itself, or the rules of the game, and, in 
the course of a game, retains the current Status or Scene and 
determines and manages a neXt State to which the game is to 
proceed. Also for presenting a Scene by CG to the player, it 
issues a drawing instruction for CG to the CG generation 
unit 405. 

0084. According to the instruction from the game man 
agement unit 401, the CG generation unit 405 places model 
data, which are an internal representation corresponding to 
each character, in a World, which is an internal representa 
tion of a virtual world in which the players are playing. The 
model data and the World are internally represented by a 
method called Scene graph, and, after the generation of the 
Scene graph of the World, the Scene graphs is Subjected to 
rendering. In this operation, the rendering is executed on a 
Scene Seen from the position and attitude, given from the 
player position and attitude determining means 402. 

0085. The rendering may be executed on an unrepre 
Sented internal memory or on a display memory called a 
frame buffer. For the purpose of Simplicity, the rendering is 
assumed to be executed on the unrepresented internal 
memory. 
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0086 The image composition unit 404 Superimposes the 
CG, generated by the CG generation unit 405, with an image 
obtained by the image pickup unit 302 in the HMD 103. For 
Superimposed display of images, there can be utilized a 
method called alpha blending. In case the image composi 
tion unit 404 has a pixel output format RGBA including an 
opacity A (alpha value; 0A 1) in addition to the intensities 
of three primary colorS RGB, the image Synthesis can be 
executed utilizing Such opacity value A. 

0087 As an example, let us consider a case where a pixel 
on the output from the image pickup unit 302 has RGB 
values (R, G, B), while a corresponding pixel of the 
image composition unit 404 has RGB values (R, G, B.) 
and an opacity value A. 
0088. In such case, the corresponding pixel values out 
putted to the display unit 303 are given by: 

0089. Such alpha blending process can also be executed 
in the CG generation unit 405, but Separate components are 
illustrated for ease of explanation of the functions. 
0090 The above-described configuration allows the 
player to feel a heightened feeling of reality in addition to 
the interestingness of the game itself. Also the player can 
easily grasp the proceeding situation of the game, as the 
Superimposed CG are Synchronized with the proceeding of 
the game. 

0091 As the position and attitude information, there is 
only required the relative relationship between the board 101 
and the HMD 103 in position and attitude, and there is not 
required the Scene Setting or the Setting of Stage properties 
or the calibration of the Sensor to be mounted on the player, 
at each installation of the game. 
0092. The present invention is not limited to games but 
also is applicable to various field Such as education, presen 
tation, Simulation or visualization. 

0.093 (Second Embodiment) 
0094 FIG. 5 shows an example of the configuration of 
the image experiencing System of a Second embodiment, 
which is different from the embodiment shown in FIG. 4 
only in the configuration of the player position and attitude 
determining means 402. 

0095 The player position and attitude determining means 
402 is composed of a camera 501 fixed to the HMD 103 and 
a board image recognition unit 502. The image of the board 
101, in the image taken by the camera 501, varies depending 
on the position of the view point 202 of the player. Therefore 
the image taken by the camera 501 is analyzed by the board 
image recognition unit 502, to determine the position and the 
attitude of the view of the player. 
0096. The board image recognition unit recognizes the 
image of the board 101, but the image obtained by the 
camera 501 appears distorted when the markers 201 are 
attached to the game board 101. The position and attitude of 
the camera 501 can be determined based on Such distortion. 
It is known that the position and attitude of the camera 501 
can be determined if the markers 201 in at least four points 
are correlated. Thus determined position and attitude of the 
camera 501 are corrected based on the difference between 
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the camera position and the position of the view point of the 
player to output the position and attitude of the view point 
202 of the player. 
0097. In case the image pickup unit 302 is attached to 
HMD 103, such image pickup unit 302 may be used instead 
of the camera 501 for similar effects. 

0.098 Thus, in the present embodiment, the player posi 
tion and attitude determining means is composed of the 
camera fixed to the see-through HMD and the board image 
recognition unit, and the board image recognition unit 
determines the relative position and attitude between the 
board and the view point of the player based on the image 
of the board taken by the camera, So that the position and 
attitude information of the view point of the player can be 
determined without the position and attitude Sensor, 
whereby the configuration can be simplified. 

0099 (Third Embodiment) 
0100 FIG. 6 shows an example of the configuration of 
the image experiencing System of a third embodiment, 
which is different from the embodiments shown in FIGS. 4 
and 5 only in the configuration of the player position and 
attitude determining means 402. 
0101 The player position and attitude determining means 
402 is provided with both components of the means 402 
shown in FIGS. 4 and 5, and additionally with a most likely 
position and attitude determining unit 601. 
0102) In general, the output of the position and attitude 
sensor 104 is susceptible to external perturbations and is 
rather unstable. Therefore, it is conceivable to use the 
position and attitude information from the board image 
recognition unit 502 as the output of the player position and 
attitude determining means, but the board 101 is not neces 
Sarily always included in the image taking range of the 
camera, and there may also be an element hindering the 
recognition, Such as a hand of the player. Therefore, the 
reliability of the position and attitude information is dete 
riorated in Such situation. 

0103) Therefore, the information from the position and 
attitude sensor 104 is utilized only in such situation. Such 
configuration allows to obtain the output of the position and 
attitude information without interruption, and to obtain 
higher precise position and attitude information while the 
board 101 is recognized. 
0104 FIG. 7 is a UML activity chart showing the process 
of the most likely position and attitude determining unit. 

0105. At first, the unit awaits the position and attitude 
information from the position and attitude Sensor informa 
tion processing unit 403 and from the board image recog 
nition unit 502. When both data become available, there is 
discriminated whether the position and attitude information 
data from the board image recognition unit 502 are suitable. 
If Suitable, the information from the board image recogni 
tion unit 502 is used as the output of the player position and 
attitude determining means 402, but, if not Suitable, there is 
used the information from the position and attitude Sensor 
information processing unit 403. 
0106. In the foregoing it is assumed that highly precise 
values are obtained from the board image recognition unit 
502 during a proper recognition but unsuitable values are 
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obtained otherwise, but the present invention is not limited 
to Such case. A certain image from the camera 501 may only 
provide values of low reliability, and in a certain position 
and attitude Sensor, the reliability may be high only in a 
limited range and gradually decreases outside Such range. 
Consequently the System has to be So designed as to provide 
most suitable values based on the reliability of the output 
values of the position and attitude Sensor information pro 
cessing unit 403 and the board image recognition unit 502. 
0107 The present embodiment allows to obtain reliable 
position and attitude information even in case any of the 
position and attitude information determined by plural meth 
ods. 

0108) (Fourth Embodiment) 
0109 The position and attitude sensor is available in 
various types, but Such Sensor in many types is associated 
with a drawback of fluctuation of the obtained values. FIG. 
8 is a chart showing the difference dV between the measured 
value and the true value as a function of elapsing time in the 
abscissa. There are experienced a Small fluctuation as indi 
cated by a broken line, and a large shift as indicated by a 
Solid line, and the present embodiment deals with the case 
of a large shift as indicated by the Solid line. 
0110. In case of a large shift, the difference of two 
consecutive Samples of dV is Small if the sampling is 
executed with a Sufficiently high frequency. Therefore, in a 
State where the output value of the board image recognition 
unit 502 is suitable, dV is calculated assuming such value as 
the true value and -d V is used as the correction value for the 
position and attitude Sensor information. 
0111. In this manner, a large shift in the value starts from 
0 when the output value of the board image recognition unit 
502 becomes unsuitable, and the position and attitude infor 
mation released by the player position and attitude deter 
mining means 402 in Such State remains continuous, So that 
the player is relieved from an unpleasant feeling caused by 
a Sudden shift in the position of the CG image. 
0112 Also in case the unsuitable period of the value from 
the board image recognition unit 502 is sufficiently short, the 
change in dV resulting from a large shift is Small, So that the 
CG drawing position does not become discontinuous when 
the output value of the board image recognition unit 502 is 
adopted as the value of the player position and attitude 
determining means 402. 
0113 FIG. 9 shows an example of the image experienc 
ing System of the fourth embodiment. 
0114. The basic configuration is same as in FIG. 6, 
except that the output of the board image recognition unit 
502 is entered into the position and attitude sensor informa 
tion processing unit 403 in addition to the most likely 
position and attitude determining unit 601, and the output of 
the position and attitude Sensor information processing unit 
403 is entered into the board image recognition unit 502 in 
addition to the most likely position and attitude determining 
unit 601. In the following description, however, the input of 
the output of the position and attitude Sensor information 
processing unit 403 into the board image recognition unit 
502 is considered negligible. 
0115 FIG. 10 is a UML activity chart showing the 
process of the position and attitude Sensor information 
processing unit 403. 
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0116. The information from the position and attitude 
Sensor 104 is processed in normal manner to calculate the 
position and attitude information, and its value is retracted 
as a variable LastSensorpro. The variable LastSensorpro is 
an object variable which is referred to also from another 
thread to be explained in the following. 
0117 Subsequently, the calculated position and attitude 
information is added with a correction value to obtain a 
return value which is temporarily retracted. The correction 
value is also an object variable, of which value is set by 
another thread to be explained in the following. The return 
value is a local variable, which is only temporarily used for 
an exclusive eXecution. Finally, the return value is returned 
as the output of the position and attitude Sensor information 
processing unit 403. 

0118. The aforementioned correction value, which is 
from time to time renewed in response to an output from the 
board image recognition unit 502, is calculated in the 
following manner. 
0119) At first there is discriminated whether the image 
recognition information is Suitable. If unsuitable, the renew 
ing proceSS is not executed. If Suitable, the correction value 
is set by Subtracting the variable LastSensorPro from the 
position and attitude information obtained by the image 
recognition. 

0120 In the foregoing, the input from the position and 
attitude sensor information processing unit 403 to the board 
image recognition unit 502 is considered negligible, but the 
present invention is not limited to Such case. In case highly 
precise information can be obtained from the position and 
attitude sensor 104, the correction value can be renewed also 
in the board image recognition unit 502 in a similar manner 
as in the position and attitude Sensor information processing 
unit. Also the extent of correction on the respective values 
may be varied depending on the confidences on Such values. 
For example, in case the difference of the confidences is very 
large, the correction value for the position and attitude 
determining means at the lower Side is So renewed as to 
Substantially directly release the output at the higher Side, 
but, in case the difference is not So large, the correction value 
is So renewed as to execute corrections in Small amounts on 
all the values. 

0121 According to the present embodiment, the renewal 
of the correction value allows to constantly obtain the 
position and attitude information on the View point of the 
player, with a high reliability, in a continuous manner, 
thereby avoiding the unpleasant feeling resulting from a 
Sudden shift in the CG drawing position. 

0122) (Fifth Embodiment) 
0123. It is explained in the foregoing that the position and 
attitude Sensor can be provided by the combination of a gyro 
Sensor and an acceleration Sensor, in which the gyro Sensor 
detects the attitude information only. Such attitude Sensor 
can be utilized as the position and attitude Sensor if the 
position is calibrated in advance. Such calibration can be 
dispensed with if there is simultaneously provided position 
and attitude determining means consisting of the camera 501 
and the board image recognition unit 502. 
0.124. The position and attitude information is basically 
calculated by image processing, and, if Such information 
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obtained by the image processing is unsuitable, the attitude 
data alone can be compensated by the value Supplied from 
the attitude Sensor. In case of a board game or a card game, 
the change in the viewing field resulting from a change in the 
attitude of the HMD 103 is considered much larger than that 
resulting from a change in the position of the HMD 103, so 
that the compensation of the attitude information alone can 
be considered Significantly useful. For this reason, an atti 
tude sensor is fixed, in addition to the camera 510, to the 
HMD 103. 

0.125. This constitutes the image experiencing system of 
a fifth embodiment, of which configuration is shown in FIG. 
11. 

0.126 In comparison with the embodiment shown in FIG. 
6, the present embodiment is different only in the configu 
ration of the player position and attitude determining means 
302. More specifically, the position and attitude sensor 103 
is replaced by an attitude sensor 1101, the position and 
attitude Sensor information processing unit 403 is replaced 
by an attitude Sensor information processing unit 1102, and 
the most likely position and attitude determining unit 601 is 
replaced by a most likely attitude determining unit 1103. 

0127. The basic process flow is same as in the third 
embodiment. The output data of the attitude sensor 1101 are 
processed by the attitude Sensor information processing unit 
1102 to provide attitude information. It is to be noted that the 
position and attitude Sensor information processing unit 403 
outputs the position information, in addition to the attitude 
information. 

0128 FIG. 12 is a UML activity chart showing the 
process of the most likely attitude determining unit 1103. 

0129. At first, the unit awaits the attitude information 
from the attitude sensor information processing unit 1102 
and the image recognition information from the board image 
recognition unit 502. When both data become available, 
there is discriminated whether the image recognition infor 
mation is Suitable. 

0.130) If suitable, the position information alone therein is 
Set as an object variable LastIPPoS. Then the image recog 
nition information is returned and the proceSS is terminated. 

0131) If the information is identified not suitable, the 
attitude Sensor information is used as the attitude informa 
tion, and the variable LastIPPos set in the foregoing is used 
as the deficient position information. Then the position and 
attitude information, obtained by combining both data, is 
returned and the process is terminated. 

0.132. In the foregoing it is assumed that the values of the 
board image recognition unit are more reliable that those of 
the attitude information processing unit with respect to the 
attitude information, but the most likely attitude determining 
unit 1103 may calculate and determine the attitude informa 
tion from both values, depending on the reliabilities thereof. 
0133. In the present embodiment, as the most likely 
attitude determining unit determines the most reliable atti 
tude of the view point of the player based on the respective 
output values, utilizing the reliabilities thereof, there can be 
obtained highly reliable attitude information on the view 
point of the player, even in case any of the output values is 
unsuitable. 
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0134) The present embodiment allows to dispense with 
the calibration of the position and attitude of the view point 
of the user, which is indispensable in case of employing the 
attitude Sensor only, and to provide an inexpensive System 
because an attitude Sensor can be employed instead of the 
position and attitude Sensor. 
0135 (Sixth Embodiment) 
0.136 AS explained in the foregoing, also the attitude 
information obtained from the attitude Sensor information 
processing unit 1102 shows fluctuation. The present embodi 
ment resolves such drawback by a method similar to the 
fourth embodiment. 

0.137 FIG. 13 shows an example of the configuration of 
the image experiencing System of a sixth embodiment, 
which is same in the configuration as in FIG. 11 except that 
the output of the board image recognition unit 502 is 
Supplied not only to the most likely attitude determining unit 
1103 but also to the attitude sensor information processing 
unit 1102. However, the attitude sensor information process 
ing unit 1102 receives only the attitude information within 
the position and attitude information. 
0138 FIG. 14 is a UML activity chart showing the 
process of the attitude Sensor information processing unit 
1102. 

013:9) The information from the attitude sensor 1101 is 
processed in the normal manner to obtain the attitude 
information, of which value is retracted as a variable Last 
SensorDir. The variable LastSensorDir is an object variable 
which is referred to also from another thread to be explained 
in the following. 
0140) Subsequently, the calculated attitude information is 
added with a correction value to obtain a return value which 
is temporarily retracted. The correction value is also an 
object variable, of which value is set by another thread to be 
explained in the following. The return value is a local 
variable, which is only temporarily used for an exclusive 
execution. Finally, the return value is returned as the output 
of the attitude Sensor information processing unit 1102. 
0.141. The aforementioned correction value, which is 
from time to time renewed in response to an output from the 
board image recognition unit 502, is calculated in the 
following manner. 
0142. At first there is discriminated whether the image 
recognition information is Suitable. If unsuitable, the renew 
ing proceSS is not executed. If Suitable, the correction value 
is set by Subtracting the variable LastSensorDir from the 
attitude information obtained by the image recognition. 
0143. In the foregoing, the input from the attitude sensor 
information processing unit 1102 to the board image recog 
nition unit 502 is considered negligible, but the present 
invention is not limited to Such case. In case highly precise 
information can be obtained from the attitude sensor 1101, 
the correction value can be renewed also in the board image 
recognition unit 502 in a Similar manner as in the attitude 
Sensor information processing unit. Also the extent of cor 
rection on the respective values may be varied depending on 
the confidences of Such values. For example, in case the 
difference of the confidences is very large, the correction 
value for the attitude determining means at the lower Side, 
or a portion relating to the attitude determination in the 

Apr. 3, 2003 

position and attitude determining means, is So renewed as to 
Substantially directly release the output at the higher Side, 
but, in case the difference is not So large, the correction value 
is So renewed as to execute corrections in Small amounts on 
all the values. 

0144. The present embodiment allows to obtain the posi 
tion and attitude information on the view point of the player, 
including the attitude information of a high reliability, in a 
continuous manner. 

0145 (Seventh Embodiment) 
0146 It is already explained that the board 101, consti 
tuting a field of the board game, includes certain areas and 
the playerS execute the game by placing, removing or 
moving pieces in, from or between these areas. The game 
management unit 401 grasps the Situation of the Scene or 
proceeding of the game, to enable the CG generation unit 
405 to generate CG matching Such Scene or proceeding of 
the game, whereby the game is felt more realistic to the 
players. 

0147 For this purpose, there is provided, for the piece to 
be operated by the player, piece operation recognition means 
for recognizing “which piece' is "placed/removed' in or 
from “which area'. 

0.148. It is naturally possible also to employ another item 
in place for the piece and to recognize the operation on Such 
item. 

0149 FIG. 15 shows an example of the configuration of 
the image experiencing System of a Seventh embodiment. 
0150. A piece operation recognition unit A1501 is com 
posed of a special mark Such as a bar code attached to a 
piece, and a special mark recognition unit A 1502 Such as a 
bar code reader for regonizing the Special mark. The Special 
mark is to be attached on the piece and is therefore omitted 
from FIG. 15. 

0151. The special mark is used only for identifying the 
piece, and can not only be an ordinary printed mark but can 
also be based on so-called RFID system utilizing an IC chip 
or the like. 

0152 The special mark recognition unit A 1502 may be 
provided in each area on the board 101, or may be provided 
collectively for plural or all the areas on the board. 
0153. The data from the special mark recognition unit A 
1502 are transferred to a special mark recognition unit B 
1503, and then to a piece operation recognition unit B 1504. 
0154) The special mark recognition unit B 1503 analyzes 
the information from the Special mark recognition unit A 
1502 and converts it into a data format required by the piece 
operation recognition unit B 1504. In case a special mark 
recognition unit B 1503 is provided in each area, the 
information of “which area' can be identified from the 
special mark recognition unit B 1503 releasing the output 
and need not be released. However, in case a single Special 
mark recognition unit B 1503 covers plural areas, the 
information indicating “which area' is outputted for thus 
covered areas. Also, in case the input from the Special mark 
recognition unit A 1502 is for example a number of 10 digits, 
Such input is converted, for example by a conversion table, 
into information indicating “which area'. 



US 2003/0062675 A1 

O155 The piece operation recognition unit B 1504 rec 
ognizes “which piece” is “placed/removed” in or from 
“which area”, and transfer the result of Such recognition, as 
the result obtained by the piece operation recognition unit A 
1501, to the game management unit 401. 
0156 The game management unit 401 causes the game to 
proceed, based on the result of recognition from the piece 
operation recognition unit A1501. In the actual proceeding 
of the game, there may be required information that “which 
piece” is moved from “which area” to “which area'. Such 
information is judged by the game management unit 401, by 
combining information that a piece is “removed from an 
area i” and information that "a piece i is placed in an areak”. 
In this case, if the piece placed in the area is a piece i, there 
is judged that “a piece i is moved from an area j to an area 
k'. The piece in the area can be identified as the piece i by 
managing and referring to the history by the game manage 
ment unit. 

0157 FIG. 16 is a UML activity chart showing the 
process of the piece operation recognition unit. 
0158. The special mark recognition unit A 1501 is pro 
vided in each area on the board 101, whereby a special mark 
recognition uniti corresponds to the area i. The Special mark 
recognition unit B 1503 returns a special mark identifier 
when the piece j is placed, and a particular special mark 
identifier Nothing when the piece is removed. 
0159. The piece operation recognition unit A1501 awaits 
the input from the Special mark recognition unit, and outputs 
a result “a piece is removed from the area i or “a piece is 
placed in the area i' respectively if the Special mark iden 
tifier j is Nothing or otherwise. 
0160 The present embodiment allows the game to pro 
ceed, based on the actual operations of the players. Since the 
CG can be generated matching the Scene or proceeding 
Situation of the game, it is felt as a more realistic game to the 
players. 

0161 (Eighth Embodiment) 
0162. A bar code can be used as the special mark iden 

tifier, corresponding to claim 10. 
0163 The bar code is widely utilized for example in the 
field of distribution of commodities, and has various features 
Such as easy availability, high accuracy in recognition, 
Stability in recognition, inexpensiveness etc. Particularly in 
case of a card game, the bar code can be printed Simulta 
neously with the printing of the cards. Also an invisible bar 
code can be used for attaching the Special mark without 
affecting the design of the cards. 

0164 (Ninth Embodiment) 
0.165 An RFID system, or radio frequency identification 
technology which is a non-contact automatic identification 
technology utilizing radio frequency, can be used as the 
Special mark recognition means. 
0166 A device called tag or transponder is attached to an 
article, and an ID Specific to the tag is read by a reader. In 
general, the tag is composed of a Semiconductor circuitry 
including a control circuit, a memory etc. constructed as a 
Single chip, and an antenna. The reader emits an inquiring 
electric wave, which is also used as electric energy, So that 
the tag does not require a battery. In response to the inquiring 
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wave, the tag emits the ID Stored in advance in the memory. 
The reader reads such ID, thereby identifying the article. 

0.167 The RFID system is widely employed for example 
in the ID card or the like, and has features of easy avail 
ability, high accuracy in recognition, Stability in recognition, 
inexpensiveness etc. If the tag is incorporated inside the 
piece, it can be recognized without affecting at all the 
external appearance of the piece. Also the piece and the 
board have a larger freedom in designing, Since the Surface 
of the piece need not be flat and a non-metallic obstacle may 
be present between the tag and the reader. 

0168 (Tenth Embodiment) The “piece” can be recog 
nized, even without the Special mark recognition unit, by an 
image recognition process on the image obtained with a 
camera. The piece recognition can be achieved by the 
pattern on the card Surface in case of a card game, or by the 
shape of the piece in case of chess or the like, or by the shape 
of the piece and the pattern drawn thereon in other games. 

0169. In the following there will be explained an example 
of recognizing a pattern drawn on the Surface of a rectan 
gular card, but the present invention is also applicable to a 
case of recognizing the shape of the piece, or a case of 
recognizing the shape of the piece and the pattern thereon at 
the same time. 

0170 FIG. 17 shows an example of the configuration of 
the image experiencing System of a tenth embodiment. In 
comparison with the embodiment shown in FIG. 15, the 
present embodiment is different only in the configuration of 
the piece operation recognition means 1501, wherein the 
Special mark recognition unit 1502 corresponds to a piece 
recognition camera 1701 and the Special mark recognition 
unit 1503 corresponds to a piece image recognition unit 
1702. The piece operation recognition unit 1504 remains 
SC. 

0171 In the following there will be explained an example 
of recognizing two patterns shown in FIG. 18, but it is also 
possible to recognize various complex patterns Such as a 
cartoon or a photograph, by employing more complex 
processing. 

0172 FIG. 20 is a UML activity chart showing the 
process of the piece image recognition unit 1702. 

0173 The recognition is executed in two stages, namely 
the detection of a frame, and then the detection of a pattern. 
In case the frame cannot be detected, it is judged that the 
card is not present, and a piece identifier Nothing is returned. 
The method of frame detection is not illustrated, but can be 
achieved, for example, by detecting Straight lines by Huff 
man transformation or the like and judging a frame from the 
positional relationship of Such lines. 

0.174. In case the frame is detected, there is then executed 
detection of the pattern. As shown in FIG. 19, the interior of 
the frame is divided into four areas, and the color is detected 
in each area. Various methods are available also for the color 
detection. For example, in case of detecting white and black 
only, there is only utilized the luminocity information and 
the average luminocity is determined in the object area, and 
the area is judged as black or white respectively if Such 
average luminocity is lower or higher than a predetermined 
Value T. 
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0.175. The areas are numbered from 1 to 4 as shown in 
FIG. 19, and, if the combination of colors in the areas 1 to 
4 are black-white-white-black or white-black-black-white, a 
piece identifier 1 is returned. If the colors are black-black 
white-white, white-white-black-black, black-white-black 
white or white-black-white-black, a piece identifier 2 is 
returned. Any other combination indicates an unexpected 
card or an erroneous recognition of the frame, and an 
identifier Nothing is returned, indicating the absence of the 
card. In case the image recognition is repeated, a Same result 
is outputted in Succession. 
0176). In the course of a card placing or removing opera 
tion, there may be outputted at random a State where a card 
is placed or removed. In a game which may be hindered by 
Such situation, there is required a measure for Suppressing 
Successive Same outputs or for providing an output when a 
Same State continues for a predetermined time, but Such 
measure will not be explained. 

0177 (Eleventh Embodiment) 
0178. The camera 501 fixed to the HMD 103 can be used 
for the piece recognition. In Such case the System can be 
simplified as the camera fixed to the HMD of the player is 
used for the piece operation recognition means. 
0179 If the board 101 can be recognized by the board 
image recognition unit 502, the areas provided on the board 
101 can be identified. The piece operation recognition means 
can be constituted by recognizing the pieces in Such areas. 
0180 FIG. 21 shows an example of the configuration of 
the image experiencing System of an eleventh embodiment. 
Piece operation recognition means 1501 is composed of an 
on-board piece image recognition unit 2101 and a piece 
operation recognition unit 1504, and the image data to be 
recognized are entered from the camera 501 while the 
recognition information of the board 101 is entered from the 
board image recognition unit 502. The output information of 
the board image recognition unit 502 indicates the position 
and attitude of the view point of the player, from which the 
position of the board on the image can be easily calculated. 
0181 FIG. 22 is a UML activity chart showing the 
process of the on-board piece image recognition unit. The 
unit receives an image input from the camera 501, and then 
the position and attitude of the view point of the HMD from 
the board image recognition unit 502. 
0182. At first the position and attitude of the board 101 on 
the input image is calculated from the position and attitude 
of the view point of the HMD. Then the positions and 
attitudes of the areas on the input image are calculated from 
the position and attitude information of the predetermined 
areas on the board. 

0183) Once the position and attitude of each area are 
known, the image in Such position is cut out and Subjected 
to image recognition to recognize the piece in each area. 
Since the information of each area includes the attitude 
information, Such information may also be utilized in the 
image recognition to improve the accuracy. 

0184 (Twelfth Embodiment) 
0185. In case of recognizing a piece on the board by the 
camera 501, there may arise a situation where the number of 
pixels occupied by the piece on the image becomes Smaller, 
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for example depending on the distance from the camera 501 
to the piece or on the attitude of the piece relative to the 
camera 501, thereby rendering the recognition difficult or 
requiring a complex configuration of the image recognition 
unit for correcting the deformation of the image. 
0186 Therefore, in recognizing “which piece”, the piece 
is brought to a predetermined Specified position relative to 
the camera 501. 

0187. For example, the piece is brought to a position at a 
distance of 30 cm in front of the camera. For example, in 
case of a card as shown in FIG. 18, the card is judged 
exposed to the camera when the frame arrives at a Specified 
position on the image, and the recognition of the card is 
executed in Such position. 
0188 Once the piece is recognized, “which area' can be 
identified by tracing the piece until it is placed on the board 
or by recognizing “placing of any piece by Simplifying the 
image recognition unit in the tenth embodiment. The 
“removing can also be recognized in a similar manner. 
0189 In recognizing “which piece”, the recognition rate 
can be improved by positioning the piece at a Specified 
position with respect to a specified camera. Also it is 
possible to Simplify the configuration of the recognition unit. 
0.190 FIG. 23 shows an example of the configuration of 
the image experiencing System of a twelfth embodiment. In 
comparison with the embodiment shown in FIG. 21, the 
present embodiment is different only in the configuration of 
the piece operation recognition means 1501. The on-board 
piece image recognition unit 2101 may be same as that in the 
eleventh embodiment, or may be further simplified since 
there is only required judgment that a piece is "placed' or 
“removed’. The piece image recognition unit can be same as 
that shown in the tenth embodiment. A piece operation 
recognition unit 2301, different from the piece operation 
recognition unit 1504, receives the inputs from both the 
on-board piece image recognition unit 2101 and the piece 
image recognition unit 1702. 
0191 FIGS. 24 and 25 are UML activity charts showing 
the process of the piece operation recognition unit 2301. 
FIG. 24 shows a state of receiving information “a piecej is 
recognized' from the piece image recognition unit 1702, and 
FIG. 25 shows a state of receiving information “a piece is 
placed/removed in an area i' from the on-board piece image 
recognition unit 2101. 
0.192 In case information “a piece j is recognized” is 
received from the piece image recognition unit 1702, the 
information “piece j' is recorded in an object variable, and 
is utilized as the information “which piece” when informa 
tion “piece is placed in which area' is received later. 
0193 Also in case information “a piece is placed in an 
area i' is received from the on-board piece image recogni 
tion unit 2101, the information “piece j’ recorded in the 
object variable is read out, and a result "a piece j is placed 
in an area i' is returned. 

0194 Also in case information “a piece is removed from 
an area i' is received from the on-board piece image 
recognition unit 2101, a result "a piece is removed from an 
area i' is directly returned. 
0.195 The input to the piece image recognition unit 1702 
may be executed, instead of the camera 501 fixed to the 
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HMD 103, by an exclusive camera such as a separately 
prepared document camera. Also a similar effect can be 
attained by replacing the combination of the exclusive 
camera and the piece image recognition unit 1702 by the 
Special mark recognition unit 1502 and the Special mark 
recognition unit 1503, prepared Separately. 

0196) (Thirteenth Embodiment) 
0197) The piece can be recognized by the exposure of 
such piece in front of the camera 501, but such exposure 
position is not easily understandable for the player. Also if 
the image experiencing System is So designed as to improve 
the ease of use by the players, the Spatial range for recog 
nition inevitably becomes wider to result in complication of 
the recognition unit or in a loSS in the recognition rate. 

0.198. It is therefore desired that the player can expose the 
piece, without doubt or hesitation, to the Spatially limited 
recognition area. This can be achieved by displaying a guide 
on the display unit 303 of the HMD 103, and exposing the 
piece by the player So as to match the displayed guide. 

0199 FIG. 26 shows an example of the configuration of 
the image experiencing System of a thirteenth embodiment. 
In comparison with the embodiment shown in FIG. 23, the 
configuration remains Same except that the piece image 
recognition unit 1702 is replaced by a piece image recog 
nition/guide display instruction unit 2601, from which infor 
mation is outputted to the CG generation unit 405. 
0200. The piece image recognition/guide display instruc 
tion unit 2601 is same in configuration as the piece image 
recognition unit 1702, except that it outputs a guide display 
instruction in case the confidence on the result of recognition 
is less than a certain level. FIG. 27 shows the difference of 
the outputs of the piece image recognition unit 1702 and the 
piece image recognition/guide display instruction unit 2601. 
In case the recognition engine is similar to the piece image 
recognition unit 1702, there is judged a recognized State and 
the result of recognition is outputted if the confidence on the 
recognition is at least equal to a certain value Th higher than 
the threshold value of the piece image recognition unit 1702. 
A high recognition rate can be easily realized as the thresh 
old value This higher. 

0201 On the other hand, there is judged a non-recog 
nized State or a non-exposed State of the piece in case the 
confidence is lower than a certain value Tl. Such value Tl is 
Same as the recognition threshold Th in case of the piece 
image recognition unit 1702, but is Selected lower in case of 
the piece image recognition/guide display instruction unit 
2601. A guide display instruction is given in case the 
confidence is neither “recognized” nor “not recognized”. 

0202 FIG. 28 is a UML chart showing the process of the 
piece image recognition/guide display instruction unit 2601. 
If the confidence is Selected within a range of 1-0, there 
stands a relationship 0<Tl-Tha1. After the piece image 
recognition process, if the confidence on the result of 
recognition is lower than Tl, the Situation is judged non 
recognized and no action is executed. If the confidence is 
higher than Th, the Situation is judged recognized and the 
result of recognition is transferred to the piece operation 
recognition unit 2301. If the situation is neither of the 
foregoing, a guide display instruction is issued. The guide 
display can be, for example, as shown in FIG. 29. 
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0203. In the present embodiment, in case of exposing a 
piece at a specified position of a specified camera, a guide 
for assisting Such exposure is prepared by CG and is 
displayed in Superposition in the HMD of the player, the 
player can easily place and expose the piece in a Spatially 
appropriate position. 

0204 (Fourteenth Embodiment) 
0205. In a game played by plural players, the event on the 
board 101, including the display, has to be shared by all the 
players. This can be achieved logically by Sharing a game 
management unit 401 by all the players. Physically, such 
unit may consist of a Single exclusive PC or a specified 
exclusive game console including other constituent compo 
nents, or may be provided in plural game consoles or PCS as 
in the case of a dispersed database. 

0206 Stated differently, for each player, the game con 
sole or PC 102 assumes a configuration as shown in FIG. 4, 
and the gate management unit 401 also reflects the result of 
operations executed by other players. 

0207 FIGS. 30A and 30B show examples of the con 
figuration of the image experiencing System of a fourteenth 
embodiment. 

0208. A game console or PC 102 is assigned to each 
player, and Such consoles or PCs are mutually connected by 
a network. The information flowing in the network is 
utilized for Synchronizing the contents of the game man 
agement units 401 in the game consoles or PCs. 
0209 The piece operation recognition means is provided 
in each game console or PC 102, with each piece being 
recognized from plural view points. Ikin Such case, it is also 
possible to exchange the information of recognition through 
the network, and to utilize the result of recognition of a 
higher reliability. 

0210 Also FIGS. 31A to 31C show another examples of 
the configuration of the image experiencing System of the 
fourteenth embodiment. Game contents are contained in a 
game Server on the internet, and the game consoles or PCS 
102 of the players are connected through the internet. 

0211 The game management unit 401 is composed of 
local game management units 3101 and a game Server 3102, 
the latter being provided in an independent equipment. The 
local game management unit 3101 deals with matters relat 
ing only to each player and those requiring feedback to each 
local player without delay in time. Also data and programs 
relating to the individual game contents are downloaded 
from the game server 3102 through the internet, either at the 
Start of the game or in the course of execution thereof. 
0212. The present embodiment allows plural players to 
play on a single board, and to display the result of complex 
operations by the plural players in each HMD based on the 
View point of each player, thereby enabling experience of a 
game played by plural players. 

0213 (Fifteenth Embodiment) 
0214. The present embodiment provides a system of 
executing a game by adapting MR (mixed reality) technol 
ogy to a card game, thereby combining a real field and a 
Virtual field by CG (computer graphics). 
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0215. The card game is already known in various forms, 
Such as poker or black jack utilizing the playing cards. 
Recently in fashion is a card game utilizing cards in which 
the cartoon characters are assigned. 
0216 Such card game is played on a play sheet or a game 
board, by players each holding cards. Each card records a 
cartoon character and its attributes or its Specialty skill. The 
players execute the game by using these cards, and the game 
is won or lost by the offensive method or power and the 
defensive method or power, which are determined by the 
combination of the cards. 

0217. In the following there will be explained the system 
of the present embodiment, applied to a battle-type card 
game played on a board, by two playerS holding the cards. 
0218 FIG. 32 is a conceptual view of the game of the 
present embodiment. The two playerS respectively wear the 
See-through HMDs, and are positioned across a board, 
which constitutes the battle Space of the game. The two 
players play the game by placing the respective cards on the 
board or moving the cards placed thereon. In the See-through 
HMD of each player, CG matching the characteristics of 
each card are displayed on each card. 
0219 FIG. 33 schematically shows the configuration of 
the System of the present embodiment. 
0220) The player wears an HMD 3321, which is provided 
with a camera 3320 and a three-dimensional position and 
attitude measuring means 3322. The HMD 3321 is con 
nected to a game management unit 3325 while the camera 
3320 and the three-dimensional position and attitude mea 
Suring means 3322 are connected to a position and attitude 
grasp unit 3329, both through signal cables. 

0221) The camera 3320 is matched with the view of the 
player and photographs the objects observed by the player. 
The obtained image data are transferred to the position and 
attitude grasp unit. 
0222 While the player observes a play board 3326, the 
image taken by the camera 3320 contains markers 3331 
shown in FIG. 34. The markers 3331 are provided in 
predetermined positions on the play board, and the posi 
tional information of Such markers is inputted in advance in 
the position and attitude grasp unit 3329. Therefore the area 
observed by the player can be estimated from the markers 
3321 appearing on the image of the camera 3320. 
0223) The three-dimensional position and attitude mea 
Suring means 3322 measures the position and attitude of the 
HMD worn by the player, and the measured position and 
attitude data are Supplied to the position and attitude grasp 
unit 3329. 

0224 Based on the positions of the markers 3331 taken 
by the camera 3320 and the position and attitude data from 
the three-dimensional position and attitude measuring 
means, the position and attitude grasp unit 3329 calculates 
the range observed by the player. 

0225. Above the play board 3326, there is provided a roof 
3327 on which installed is a card recognition camera 3328. 
The card recognition camera 3328 may cover the entire area 
of the play board 3326, but it is also possible to divide the 
play board into four areas and to place four card recognition 
cameras 3328 respectively corresponding to these divided 
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areas, or to place card recognition cameras 3328 by a 
number corresponding to that of the areas in which the cards 
are to be placed. The card recognition camera 3328 con 
Stantly watches the play board during the game, and the 
obtained image is transferred to a card reading unit 3324, 
which identifies the card on the play board 3326, based on 
the obtained image. 
0226. In the following there will be given an explanation 
on the markers provided on the play board. FIG. 34 is a plan 
view of the play board 3326, on which the markers 3331 are 
provided. Each marker is formed Specified color and shape, 
and the information of Such color, shape and position is 
registered in advance in the position and attitude grasp unit 
3329. By detecting the markers in the image taken by the 
camera 3320 and identifying the color and shape, a position 
in the play board corresponding to the taken image can be 
identified. Then, based on the result of Such identification, it 
is possible to estimate the area of the board observed by the 
player. 
0227. In the following there will be given an explanation 
on guides. As shown in a plan view of the play board 3326 
shown in FIG. 35, the play board 3326 is provided with 
guides 3341 in a 5x2 arrangement for the player at the front 
Side and also in a 5x2 arrangement for the player at the rear 
side. The guide 3341 defines an area in which the card is to 
be placed, and a card placed in any other area will be 
irrelevant from the proceeding of the game. The precision of 
card recognition can be improved since the card position is 
clearly determined by the guide 3341, which can be com 
posed, for example, of a recess or a ridge corresponding to 
the card size. 

0228 Now the flow of the game will be explained with 
reference to flow charts. 

0229. At first reference is made to FIG.38 for explaining 
the card reading unit 3324. 
0230. After the process is started in a step S701, the 
Sequence enters an image capturing phase in a step S702, in 
which the image of the play board from the camera 3328 is 
captured. Then the captured image is identified in a card 
identification phase of a step S703. 
0231. The card identification will be explained with ref 
erence to FIG. 36, which is a plan view of the play board 
3326 in a State where three cards are placed on the guides 
shown in FIG. 35. With a coordinate description in which 
the upper left corner is defined by (0, 0) and the lower right 
corner by (5,4), FIG. 36 shows a state where a card 'G' is 
placed at (5, 1), a card 2 at (4, 3) and a card 1 at (3, 4). 
0232 A step S703 analyzes the camera image, detects the 
cards placed on the board by the image recognition tech 
nology, and identifies the coordinate value and the kind of 
each card. The coordinate value and the kind, thus identified, 
of the cards are retained as card arrangement data. 
0233. A step S704 compares the present card arrange 
ment data with the prior data. If the comparison shows no 
change in the arrangement data, the Sequence returns to the 
image capturing Step S702. If the arrangement is changed, a 
Step S705 executes a change in the card arrangement data 
and the Sequence returns to the image capturing Step S702. 
0234. In the following reference is made to FIG. 39 for 
explaining the position and attitude grasp unit 3329. 
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0235. After the process is started in a step S801, the 
Sequence enters an image capturing phase in a step S802, in 
which the image from the camera 3320 attached to the HMD 
of the player is captured. Then a step S803 fetches the 
attitude data from the three-dimensional position and atti 
tude measuring means 3322. A step S804 identifies the 
markers 3331 from the image fetched in the step S802, 
thereby estimating the view point of the player. Then a step 
S805 determines the more exact position and attitude of the 
View point of the player, based on the attitude information 
obtained in S803 and the estimated information in S804. 
Thereafter the sequence returns to S802. 

0236. In the following, reference is made to FIG. 40 for 
explaining the game management unit 3325. 

0237 After the process is started in a step S901, a step 
S902 waits for any instruction from the player on the 
proceeding of the game. If any event arrives, the Sequence 
proceeds to a step S903 for identifying the kind of the event. 
If the event is a Signal for advancing to a next phase, the 
sequence proceeds to a step S904, but, if otherwise, the 
sequence returns to S902 to wait for a next event. 

0238. The signal for advancing to a next phase is gener 
ated by identifying an operation inducing a phase advance 
ment. Such operation inducing a phase advancement may be 
recognized by various methods. 

0239). The game advancement can be judged, for 
example, by recognition of a voice of the player by a voice 
recognition unit as shown in FIG. 37, or by image recog 
nition of a card exposed by the player in a large image size 
to the camera 3320 attached to the HMD worn by the player, 
or by image recognition of a card placement in a Specified 
position on the board in the image obtained from the card 
recognition camera 3328. 

0240 Astep S904 reads the card arrangement data deter 
mined by the card reading unit 3324. Then a step S905 
fetches, from the card arrangement data, the data of the cards 
relating to the current phase, and calculates the offensive 
character and the offensive characteristics (offensive power 
and method) of the offensive side, based on the arrangement 
and combination of the cards. Then a step S906 fetches, 
from the card arrangement data as in the step S905, the data 
of the cards relating to the current phase, and calculates the 
defensive character and the defensive characteristics (defen 
sive power and method) of the defensive side, based on the 
arrangement and combination of the cards. The calculation 
of the offensive and defensive characteristics in the Steps 
S905 and S906 is executed according to the rules of the 
game. 

0241 Then a step S907 calculates the result of battle 
according to the combination of characters of the offensive 
and defensive Sides, and generates a battle Scene matching 
such result. Then a step S908 acquires the view point of the 
player derived by the position and attitude grasp unit 3329, 
then a step S909 generates CG of the battle scene seen from 
the view point of the player, and a step S910 synthesizes the 
image obtained from the camera 3320 with the CG gener 
ated in S909. Then the real field and the virtual field of the 
CG are superimposed by the MR technology in the HMD 
worn by the player, thereby displaying a virtual CG char 
acter on the card. 
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0242. However, Such image Synthesis is only required in 
case of a Video See-through HMD, and not required in case 
of an optical see-through HMD. 
0243 AS explained in the foregoing, the present inven 
tion allows to combine the real world with the virtual CG 
World by displaying the Virtual CG corresponding to the 
Viewing point, thereby realizing much higher excitement in 
a game utilizing a play board. 

0244. In case the card recognition camera 3328 cannot be 
installed in Satisfactory manner, it is also possible, in order 
to improve the reading accuracy of the card recognition 
camera 3328, to adopt a method in which the player exposes 
a card in front of the HMD 3321 worn by the player to 
identify the kind of the card by the camera 3320, before such 
card is placed. Also in order to improve the reading accuracy 
of the card recognition camera 3328, it is possible to position 
such camera 3328 in a specified position and to identify the 
kind of a card by Such camera 3328 before such card is 
placed. 

0245. In the foregoing embodiment, a card is employed 
as the item of the game, but there may also be employed 
other items Such as a piece. 
0246 Also the board may have a three-dimensionally 
Stepped Structure and the character may be displayed in a 
position corresponding to the height of Such stepped Struc 
ture. In Such case, a model of the three-dimensionally 
Stepped Structure of the play board is registered in advance, 
and the position of the synthesized CG is controlled based on 
the three-dimensional Structural information corresponding 
to the position of the view point. 
0247 Also for identifying the card on the play board, the 
foregoing embodiment analyzes the image of the camera 
3328 and recognizes the pattern on the card by the image 
recognition technology, but it is also possible to attach a bar 
code to the card and to identify the card with a bar code 
reader. 

0248 (Other Embodiments) 
0249. The present invention also includes a case of 
Supplying a computer of an apparatus or a System, connected 
with various devices So as to operate Such devices for 
realizing the functions of the aforementioned embodiments, 
with program codes of a Software realizing the functions of 
the aforementioned embodiments and causing a computer 
(or CPU or MPU) of such apparatus or system to execute the 
program codes thereby operating Such devices and realizing 
the functions of the aforementioned embodiments. 

0250 In such case, the program codes themselves of Such 
Software realize the functions of the aforementioned 
embodiments, and the program codes themselves, and 
means for Supplying the computer with Such program codes, 
for example a memory medium Storing Such program codes, 
constitute the present invention. 
0251 The memory medium for supplying such program 
codes can be, for example, a floppy disk, a hard disk, an 
optical disk, a magnetooptical disk, a CD-ROM, a magnetic 
tape, a non-volatile memory card or a ROM. 
0252) The present invention naturally includes not only a 
case where the functions of the aforementioned embodi 
ments are realized by the execution of the Supplied program 
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codes by the computer but also a case where the functions 
of the aforementioned embodiments are realized by the 
cooperation of Such program codes with an OS (operating 
System) or another application Software or the like function 
ing on the computer. 
0253) The present invention further includes a case where 
the Supplied program codes are once Stored in a memory 
provided in a function expansion board of the computer or 
a function expansion unit connected to the computer and a 
CPU or the like provided on such function expansion board 
or function expansion unit executes all the processes or a 
part thereof under the instructions of Such program codes. 
What is claimed is: 

1. An image experiencing System for a game which 
proceeds by placing an item on a game board, the System 
comprising: 

player position and attitude determining means for deter 
mining the position and attitude information of a view 
point of a player; 

generation means for generating computer graphics cor 
responding to the item on the game board, based on the 
position and attitude information of the View point of 
Said player; and 

a head mounted display for displaying Said generated 
computer graphics in Superposition with an image of 
the real world. 

2. A System according to claim 1, wherein the position and 
attitude information of said player is information indicating 
a relative position of the View point of Said player relative to 
Said game board. 

3. A System according to claim 1, further comprising: 
measurement means for measuring attitude information of 

Said player; 
wherein Said player position and attitude determining 
means determines the position and attitude information 
of the view point of said player from the attitude 
information and pre-calibrated position information of 
Said player. 

4. A System according to claim 1, further comprising: 

a camera fixed to Said head mounted display; 
wherein Said player position and attitude determining 
means analyzes the image of Said camera and executes 
image recognition thereon, thereby obtaining the posi 
tion and attitude information of the view point of said 
player. 

5. A System according to claim 1, further comprising: 
a position and attitude Sensor for measuring the position 

and attitude of the player; and 
a camera fixed to Said head mounted display; 
wherein Said player position and attitude determining 
means includes a first position and attitude determining 
unit for determining the position and attitude informa 
tion of the view point of the player from the output of 
Said position and attitude Sensor, and a Second position 
and attitude determining unit for determining the posi 
tion and attitude information of the view point of the 
player from an image taken by Said camera, and the 
position and attitude information of the View point of 
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Said player is determined according to the reliability of 
the respective output values of Said first and Second 
position and attitude determining units. 

6. A System according to claim 1, further comprising: 
an attitude Sensor for measuring the attitude of the player; 

and 

a camera fixed to Said head mounted display; 
wherein Said player position and attitude determining 

means includes a first position and attitude determining 
unit for determining the position and attitude informa 
tion of the view point of the player from the output of 
Said attitude Sensor, and a Second position and attitude 
determining unit for determining the position and atti 
tude information of the view point of the player from an 
image taken by Said camera, and the position and 
attitude information of the View point of Said player is 
determined according to the reliability of the respective 
output values of Said first and Second position and 
attitude determining units. 

7. A System according to claim 5 or 6, wherein a correc 
tion value is determined from the output value of said first 
or Second position and attitude determining unit, and Said 
correction value is used for correcting the output value of 
Said first or Second position and attitude determining unit. 

8. A System according to claim 1, further comprising item 
operation recognition means for recognizing a change in the 
item on Said game board. 

9. A System according to claim 8, wherein Said item 
operation recognition means recognizes a Special mark 
identifier attached to the item. 

10. A system according to claim 9, wherein a visible or 
invisible bar code is used as the Special mark identifier. 

11. A system according to claim 9, wherein a RFID 
transponder is used as the Special mark identifier. 

12. A System according to claim 8, wherein Said item 
operation recognition means recognizes a shape of the item 
and/or a pattern on the item by image recognition. 

13. A System according to claim 12, wherein an image 
taken by a camera fixed to Said head mounted display is 
used. 

14. A System according to claim 12, wherein Said item 
operation recognition means recognizes a placement of an 
item in a specified position of a Specified camera, thereby 
recognizing an item to be changed. 

15. A System according to claim 14, wherein, in placing 
an item at Said specified position of Said Specified camera, a 
guide facilitating the placement of the item is prepared by 
computer graphics and is displayed in the head mounted 
display of Said player. 

16. A System according to claim 1, wherein plural players 
play on a Single game board, and the result of complex 
operations by the plural playerS is displayed in each head 
mounted display in the view point of each player. 

17. An information processing method for a game which 
proceeds by placing an item on a game board, the method 
comprising Steps of: 

entering position and attitude information of a view point 
of a player; 

generating computer graphics corresponding to the item 
on the game board, based on the position and attitude 
information of the view point of Said player; and 
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displaying Said generated computer graphics in Superpo 
Sition with an image of the real world in a head 
mounted display worn by the player. 

18. A method according to claim 17, wherein the position 
and attitude information of Said player is information indi 
cating a relative position of the view point of Said player 
relative to Said game board. 

19. A program for controlling an information processing 
apparatus thereby executing the information processing 
according to claim 17. 

20. A recording medium Storing the program according to 
claim 19. 

21. An image experiencing System for a game which 
proceeds by placing an item on a game board bearing plural 
marks, the System comprising: 

a position and attitude grasp unit for recognizing the kind 
of plural items placed on Said game board and the 
position of Said items; 

game management means for managing the proceeding of 
the game, based on the kinds of Said plural items and 
the positions thereof, and 

generation means for generating computer graphics of a 
game Scene corresponding to the kinds of the items of 
Said plural items and the positions thereof. 

22. A System according to claim 21, wherein: 
Said game is a battle type game; 
Said System further comprises determination means for 

determining the characteristics of a character of an own 
Side based on the combination of the own Side; and 

Said generation means generates Said computer graphics 
based Said determined characteristics of the character 
of the own side. 

23. A System according to claim 21, wherein Said game 
management means manages the proceeding of the game by 
a combination of the characteristics of the characters of the 
own side and the opponent Side. 

24. A System according to claim 21, wherein Said game 
board has a three-dimensional Structure, and Said computer 
graphics are displayed in the head mounted display worn by 
the player, based on a model of the three-dimensional 
Structure of Said game board. 

25. An information processing method for a game which 
proceeds by placing an item on a game board bearing plural 
marks, the method comprising Steps of: 
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entering an image from an image pickup unit in a head 
mounted display worn by a player; 

detecting a mark in Said image thereby determining the 
position and attitude of a view point of Said player on 
Said game board; 

identifying the item on Said game board and generating 
computer graphics indicating a game Scene based on 
the result of Said identification; and 

displaying Said computer graphics, based on the position 
and attitude of Said view point in Said head mounted 
display. 

26. A method according to claim 25, further comprising a 
Step of: 

entering position and attitude information of the player 
from a three-dimensional position and attitude measur 
ing unit for measuring the position and attitude of Said 
player; 

wherein the position and attitude of Said view point is 
obtained from Said position and attitude information 
and from Said detected mark. 

27. A method according to claim 25, wherein the item on 
Said game board is identified from an image from an image 
pickup unit for taking the image on Said game board. 

28. A method according to claim 25, further comprising a 
Step of recognizing an instruction from the player for 
advancing the game. 

29. A program for realizing an information processing 
method for a game which proceeds by placing an item on a 
game board bearing plural marks, the method comprising 
Steps of 

entering an image from an image pickup unit in a head 
mounted display worn by a player; 

detecting a mark in Said image thereby determining the 
position and attitude of a view point of Said player on 
Said game board; 

identifying the item on Said game board and generating 
computer graphics indicating a game Scene based on 
the result of Said identification; and 

displaying Said computer graphics, based on the position 
and attitude of Said view point in Said head mounted 
display. 


