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(57) ABSTRACT

An inclination calculation apparatus calculates an inclination
of'an input device operable in terms of a posture thereof. The
input device includes an acceleration sensor and an imaging
element. In one non-limiting example implementation, the
inclination calculation apparatus computes first inclination
information representing an inclination of the input device
based upon a coordinate position of an imaging target in an
acquired image obtained by the imaging element and an esti-
mated coordinate position of a second imaging target not
acquired by the imaging element. The inclination calculation
apparatus also computes second inclination information rep-
resenting an inclination of the input device solely from an
acceleration detected by the acceleration sensor. The inclina-

(30) Foreign Application Priority Data tion calculation apparatus then calculates an inclination of the
input device using the first inclination information and the
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INCLINATION CALCULATION APPARATUS
AND INCLINATION CALCULATION
PROGRAM, AND GAME APPARATUS AND
GAME PROGRAM

CROSS REFERENCE OF RELATED
APPLICATION

[0001] The disclosure of Japanese Patent Application No.
2006-087160 is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an inclination cal-
culation apparatus and an inclination calculation program,
and more specifically to an inclination calculation apparatus
and an inclination calculation program for calculating an
inclination of an input device using an output from accelera-
tion detection means included in the input device.

[0004] 2. Description of the Background Art

[0005] Conventionally, technologies for calculating an
inclination of a device including acceleration detection
means have been proposed. For example, patent document 1
(Japanese Laid-Open Patent Publication No. 2001-159951)
describes an information processing device including accel-
eration detection means. In this information processing
device, an inclination of the device is calculated from an
acceleration detected by the acceleration detection means (an
angle of the device with respect to a direction of gravity), and
an operation command is generated using the calculated incli-
nation. According to such a method for calculating an incli-
nation of a device using the acceleration detection means, the
inclination of the device is calculated by calculating the direc-
tion of an acceleration of gravity detected by the acceleration
detection means.

[0006] However, the technology described in patent docu-
ment 1 has a problem in that since the inclination of the input
device is calculated only from the detected acceleration, the
detected inclination may not be correct. When, for example,
the device is being moved by the user or being vibrated by the
destabilization of the user’s hand, the detected acceleration
includes acceleration components caused by an inertial force
in addition to the acceleration of gravity. Therefore, the direc-
tion of the detected acceleration is offset from the direction of
the acceleration of gravity. As a result, an accurate inclination
cannot be calculated.

[0007] According to the technology described in patent
document 1, processing for correcting the inclination so as to
be as close as possible to the accurate value is executed; for
example, a low-frequency component is extracted from the
detected acceleration. However, even with such processing, a
method of using only the acceleration has a limit in terms of
the accuracy of the calculated inclination. When processing
for correcting the inclination is executed, there occurs another
problem in that the calculation of the inclination is delayed
with respect to the detection of the acceleration.

SUMMARY OF THE INVENTION

[0008] Therefore, an object of the present invention is to
provide an inclination calculation apparatus and an inclina-
tion calculation program capable of performing highly pre-
cise calculation of an inclination of an input device to be used
as an operation input while utilizing the advantages of calcu-
lating the inclination using a detected acceleration.
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[0009] The present invention has the following features to
attain the object mentioned above. The reference numerals,
additional explanations and the like in parentheses in this
section of the specification indicate the correspondence with
the embodiments described later for easier understanding of
the present invention and do not limit the present invention in
any way.

[0010] A first aspect of the present invention is directed to
an inclination calculation apparatus (game apparatus 3) for
sequentially calculating an inclination of an input device
(controller 7) operable in terms of a posture thereof. The input
device includes acceleration detection means (acceleration
sensor 37) for detecting an acceleration in at least two axial
directions and imaging means (imaging element 40) for tak-
ing an image of two imaging targets. The inclination calcu-
lation apparatus comprises image information processing
means (CPU 10, etc. for executing step S3; hereinafter, only
the corresponding step number (s) will be mentioned in this
section), acceleration information processing means (step
S4), and inclination calculation means (step S5). The image
information processing means sequentially calculates first
inclination information (first vector data 531) representing an
inclination of the input device from positions of the two
imaging targets (markers 8¢ and 8b) in a taken image
obtained by the imaging means. The acceleration information
processing means sequentially calculates second inclination
information (second vector data 533) representing an incli-
nation of the input device from an acceleration detected by the
acceleration detection means. The inclination calculation
means calculates an inclination (output vector) of the input
device using the first inclination information and the second
inclination information.

[0011] Inasecond aspectofthe present invention, the incli-
nation calculation means may select one of a calculation
method using the first inclination information (first method)
and a calculation method using the second inclination infor-
mation (second method), and calculate the inclination of the
input device by the selected calculation method.

[0012] In a third aspect of the present invention, the incli-
nation calculation apparatus may further comprise first deter-
mination means (step S21) for determining whether or not
calculation of the first inclination information by the image
information processing means was successful. In this case,
the inclination calculation means calculates the inclination of
the input device using at least the first inclination information
when the first determination means determines that the cal-
culation of the first inclination information was successful
(step S28), and calculates the inclination of the input device
using the second inclination information without using the
first inclination information when the first determination
means determines that the calculation of the first inclination
information was unsuccessful (step S22).

[0013] Inafourth aspect of the present invention, the incli-
nation calculation apparatus may further comprise second
determination means (step S42) for determining whether or
not the inclination of the input device is within a range in
which the imaging means is assumed to be capable of taking
an image of the two imaging targets. In this case, the inclina-
tion calculation means calculates the inclination of the input
device using at least the first inclination information when the
second determination means determines that the inclination
of the input device is within the range (step S28), and calcu-
lates the inclination of the input device using the second
inclination information without using the first inclination
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information when the second determination means deter-
mines that the inclination of the input device is outside the
range (step S22).

[0014] In a fifth aspect of the present invention, the accel-
eration detection means may be capable of detecting an accel-
eration in three axial directions including one axial direction
(7! axis) along an imaging direction of the imaging means. In
this case, the second determination means determines
whether or not the inclination of the input device is within the
range in accordance with whether or not a magnitude of the
acceleration in the one axial direction along the imaging
direction is equal to or less than a predetermined threshold
value.

[0015] In a sixth aspect of the present invention, the accel-
eration detection means may be capable of detecting an accel-
eration in at least two axial directions (X' axis and Y' axis)
which are not along an imaging direction of the imaging
means. In this case, the second determination means deter-
mines whether or not the inclination of the input device is
within the range in accordance with whether or not a magni-
tude of the acceleration in the two axial directions which are
not along the imaging direction is equal to or greater than a
predetermined threshold value.

[0016] In a seventh aspect of the present invention, the
inclination calculation means may include comparison
means (steps S25 and S26) and correction means (step S27).
The comparison means compares the first inclination infor-
mation and the second inclination information. The correc-
tion means sets, as the inclination of the input device, an
inclination obtained by correcting the inclination represented
by the first inclination information in accordance with the
comparison result obtained by the comparison means.
[0017] In an eighth aspect of the present invention, the
comparison means may compare a direction of the inclination
represented by the first inclination information and a direc-
tion of the inclination represented by the second inclination
information, and determine whether the two directions are
closer to being identical to each other or closer to being
opposite to each other. In this case, the correction means
performs a correction for making the direction of the inclina-
tion represented by the first inclination information opposite
when the two directions are determined to be closer to being
opposite to each other.

[0018] In a ninth aspect of the present invention, the incli-
nation calculation apparatus may further comprise third
determination means (step S24) for determining whether or
not a change amount of a direction of the acceleration
detected by the acceleration detection means is equal to or
less than a predetermined value. In this case, the correction
means performs a correction only when the determination
result of the third determination means is positive.

[0019] In atenth aspect of the present invention, the incli-
nation calculation apparatus may further comprise fourth
determination means for determining whether or not a difter-
ence between a magnitude of the acceleration detected by the
acceleration detection means and a magnitude of an accelera-
tion of gravity is equal to or less than a predetermined value.
In this case, the correction means performs a correction only
when the determination result of the fourth determination
means is positive.

[0020] In an eleventh aspect of the present invention, the
inclination calculation apparatus may further comprise fifth
determination means for determining whether or not achange
amount of a value of the acceleration detected by the accel-
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eration detection means is equal to or less than a predeter-
mined value. In this case, the correction means performs a
correction only when the determination result of the fifth
determination means is positive.

[0021] The present invention may be provided in the form
of an inclination calculation program for causing a computer
of an inclination calculation apparatus to execute the above-
described invention. The present invention may be provided
in the form of a game apparatus using an inclination calcu-
lated by the above invention as an operation input for a game,
or in the form of a game program for causing a computer of
the game apparatus to execute the above-described invention.
[0022] According to the first aspect, the image information
processing means calculates the first inclination information
using the taken image. Therefore, the inclination of the con-
troller 7 can be accurately calculated. The acceleration infor-
mation processing means calculates the second inclination
information using the acceleration. Therefore, even when the
image information processing means cannot calculate the
first inclination information, the second inclination informa-
tion can be calculated. According to this aspect, a final incli-
nation is calculated using the first and second inclination
information.

[0023] Thus, the inclination can be calculated utilizing the
advantages of both the first method of calculating the incli-
nation using the taken image and the second method of cal-
culating the inclination using the acceleration. More specifi-
cally, while the advantage of the second method of being
capable of constantly calculating the inclination is utilized,
the inclination can be calculated with high precision by the
first method.

[0024] According to the second aspect, one of the first
inclination information and the second inclination informa-
tion is selected. Thus, more suitable information among the
two types of inclination information can be used to calculate
the inclination of the input device.

[0025] According to the third aspect, when the first incli-
nation information is calculated, the inclination is calculated
using the first inclination information. Therefore, the inclina-
tion of the controller 7 can be accurately calculated. In addi-
tion, when the first inclination information is not calculated,
the inclination is calculated using the second inclination
information. Even if the first inclination information is not
calculated, the inclination can be calculated. Thus, the incli-
nation of the controller 7 is accurately calculated, and the
situation where the inclination cannot be calculated is
avoided.

[0026] According to the fourth aspect, the second determi-
nation means can determine whether or not an image of the
imaging targets can be taken by the imaging means. Only
when it is determined that the image of the imaging targets
can be taken, the inclination of the input device is calculated
using the first inclination information. When the image of'the
imaging targets cannot be taken by the imaging means, the
image processing means cannot calculate the first inclination
information or calculates inaccurate inclination information.
According to this aspect, an inaccurate inclination of the input
device can be prevented from being calculated based on inac-
curate inclination information. Therefore, the inclination of
the input device can be calculated more accurately.

[0027] According to the fifth aspect, the determination by
the second determination means is facilitated using the mag-
nitude of the acceleration in one axial direction along the
imaging direction.
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[0028] According to the sixth aspect, the determination by
the second determination means is facilitated using the mag-
nitude of the acceleration in two axial directions which are not
along the imaging direction.

[0029] According to the seventh aspect, the first inclination
information is corrected in accordance with the comparison
result between the first inclination information and the second
inclination information. Therefore, the first inclination infor-
mation can be calculated more accurately. As a result, the
inclination of the input device can be calculated more accu-
rately.

[0030] According to the eighth aspect, the direction of the
inclination represented by the first inclination information is
corrected to be opposite in accordance with the direction of
the inclination represented by the second inclination infor-
mation. With a method of calculating an inclination from an
image of two imaging targets, the direction of the information
to be calculated may possibly be opposite. According to this
aspect, when the direction of the inclination represented by
the first inclination information is opposite, the first inclina-
tion information is corrected using the second inclination
information. Therefore, the first inclination information can
be calculated more accurately. As a result, the inclination of
the input device can be calculated more accurately.

[0031] According to the ninth aspect, only when the change
amount of the direction of the acceleration is equal to or less
than a predetermined value, the first inclination information is
corrected. Based on the change amount of the direction of the
acceleration, it can be determined whether or not the input
device is being violently moved. When the input device is
being violently moved, the possibility that the detected accel-
eration is not accurate is high. According to this aspect, when
the detected acceleration is not accurate, the above-men-
tioned correction using the acceleration is not performed.
Therefore, the correction can be performed more accurately.

[0032] According to the tenth aspect, only when the differ-
ence between the magnitude of the acceleration and the mag-
nitude of the acceleration of gravity is equal to or less than a
predetermined value, the first inclination information is cor-
rected. Based on the difference, it can be determined whether
or not the input device is being violently moved. When the
input device is being violently moved, the possibility that the
detected acceleration is not accurate is high. According to this
aspect, when the detected acceleration is not accurate, the
above-mentioned correction using the acceleration is not per-
formed. Therefore, the correction can be performed more
accurately.

[0033] According to the eleventh aspect, only when the
change amount of the value of the acceleration is equal to or
less than a predetermined value, the first inclination informa-
tion is corrected. Based on the change amount of the value of
the acceleration, it can be determined whether or not the input
device is being violently moved. When the input device is
being violently moved, the possibility that the detected accel-
eration is not accurate is high. According to this aspect, when
the detected acceleration is not accurate, the above-men-
tioned correction using the acceleration is not performed.
Therefore, the correction can be performed more accurately.

[0034] These and other objects, features, aspects and
advantages of the present invention will become more appar-
ent from the following detailed description of the present
invention when taken in conjunction with the accompanying
drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG. 1 is an external view of a game system includ-
ing a game apparatus 3 as an exemplary inclination calcula-
tion apparatus according to one embodiment of the present
invention;

[0036] FIG. 2 is a functional block diagram of the game
apparatus 3;

[0037] FIG. 3A is an isometric view of a controller 7;
[0038] FIG. 3B is another isometric view of the controller
7.

[0039] FIG. 4 is a front view of the controller 7,

[0040] FIG.5A is aview illustrating an internal structure of
the controller 7,

[0041] FIG. 5B is another view illustrating the internal
structure of the controller 7;

[0042] FIG. 6 is a block diagram illustrating a structure of
the controller 7,
[0043] FIG. 7 is a view illustrating the relationship between

the inclination of the controller 7 and the output from an
acceleration sensor;

[0044] FIG. 8 is another view illustrating the relationship
between the inclination ofthe controller 7 and the output from
the acceleration sensor;

[0045] FIG. 9 shows a general view of a game operation
using the controller 7;

[0046] FIG. 10 illustrates viewing angles of markers 8a and
8b and the controller 7,

[0047] FIG. 11 shows an example of a taken image includ-
ing target images;

[0048] FIG. 12 shows the controller 7 in an inclined state as
a result of being rotated around the 7' axis;

[0049] FIG. 13 shows a first vector and a second vector
obtained in a state shown in FIG. 12;

[0050] FIG. 14 shows a first vector V1 and a second vector
V2b in one state;

[0051] FIG. 15 shows main data stored on a main memory
13 of the game apparatus 3;

[0052] FIG. 16 is a flowchart illustrating a flow of game
processing executed by the game apparatus 3;

[0053] FIG. 17 illustrates second vector calculation pro-
cessing;
[0054] FIG. 18 is a flowchart illustrating a detailed flow of

the second vector calculation processing in step S4 shown in
FIG. 16;

[0055] FIG. 19 is a flowchart illustrating a detailed flow of
output vector calculation processing in step S5 shown in FIG.
16 in a first embodiment;

[0056] FIG. 20 is a flowchart illustrating a detailed flow of
output vector calculation processing executed in a second
embodiment; and

[0057] FIG. 21 is a flowchart illustrating a detailed flow of
output vector calculation processing executed in a third
embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

[0058] Withreferenceto FIG. 1, a game system 1 including
a game apparatus as an example of an inclination calculation
apparatus according to a first embodiment of the present
invention will be described. FIG. 1 is an external view illus-
trating the game system 1. In the following exemplary
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description, the game apparatus according to the present
invention is of an installation type.

[0059] As shown in FIG. 1, the game system 1 includes an
installation type game apparatus (hereinafter, referred to sim-
ply as a “game apparatus™) 3, which is connected to a display
(hereinafter, referred to as a “monitor”) 2 such as a home-use
TV receiver including a speaker via a connection cord, and a
controller 7 for giving operation data to the game apparatus 3.
Two markers 8a and 8b are provided in the vicinity of the
monitor 2 (above the screen of the monitor 2 in FIG. 1). The
markers 8a and 85 are specifically infrared LEDs, and each
outputs infrared light forward from the monitor 2. The game
apparatus 3 is connected to a receiving unit 6 via a connection
terminal. The receiving unit 6 receives operation data which
is wirelessly transmitted from the controller 7. The controller
7 and the game apparatus 3 are connected to each other by
wireless communication. On the game apparatus 3, an optical
disc 4 as an example of an exchangeable information storage
medium is detachably mounted. The game apparatus 3 has, on
a top main surface thereof, a power ON/OFF switch, a game
processing reset switch, and an OPEN switch for opening a
top lid of the game apparatus 3. When a player presses the
OPEN switch, the 1id is opened, so that the optical disc 4 is
mounted or dismounted.

[0060] On the game apparatus 3, an external memory card
5 is detachably mounted when necessary. The external
memory card 5 has a backup memory or the like mounted
thereon for fixedly storing saved data or the like. The game
apparatus 3 executes a game program or the like stored on the
optical disc 4 and displays the result on the monitor 2 as a
game image. The game apparatus 3 can also reproduce a state
of' a game played in the past using saved data stored on the
memory card 5 and display the game image on the monitor 2.
The player playing with the game apparatus 3 can enjoy the
game by operating the controller 7 while watching the game
image displayed on the display screen of the monitor 2.
[0061] The controller 7 wirelessly transmits operation data
from a communication section 36 included therein (described
later) to the game apparatus 3 connected to the receiving unit
6, using the technology of, for example, Bluetooth (registered
trademark). The controller 7 is operation means for operating
an operation target (an object displayed on the display screen
of the monitor 2). The controller 7 includes an operation
section having a plurality of operation buttons. As described
later in detail, the controller 7 also includes an acceleration
sensor 37 (described later) for detecting an acceleration in at
least two axial directions perpendicular to each other. Data
representing an acceleration detected by the acceleration sen-
sor 37 is transmitted to the game apparatus 3 as a part of the
operation data. The controller 7 also includes an imaging
information calculation section 35 (described later) for taking
an image seen from the controller 7. The imaging information
calculation section 35 takes an image of each of the markers
8a and 86 located in the vicinity of the monitor 2. Coordinate
set data representing the positions of the images of the mark-
ers 8a and 85 in the image taken by the imaging information
calculation section 35 (taken image) is transmitted to the
game apparatus 3 as a part of the operation data. The game
apparatus 3 calculates an inclination of the controller 7 using
the data representing the acceleration and the coordinate set
data.

[0062] With reference to FIG. 2, a structure of the game
apparatus 3 will be described. FIG. 2 is a functional block
diagram of the game apparatus 3.

Oct. 3,2013

[0063] As shown in FIG. 2, the game apparatus 3 includes,
for example, a RISC CPU (central processing unit) 10 for
executing various types of programs. The CPU 10 executes a
start program stored in a boot ROM (not shown) to, for
example, initialize memories including a main memory 13,
and then executes a game program stored on the optical disc
4 to perform game processing or the like in accordance with
the game program. The CPU 10 is connected to a GPU
(Graphics Processing Unit) 12, the main memory 13, a DSP
(Digital Signal Processor) 14, and an ARAM (Audio RAM)
15 via a memory controller 11. The memory controller 11 is
connected to a controller I/F (interface) 16, a video I/F 17, an
external memory I/F 18, an audio I/F 19, and a disc I/F 21 via
a predetermined bus. The controller I/F 16, the video I/F 17,
the external memory I/F 18, the audio I/F 19 and the disc I/F
21 are respectively connected to the receiving unit 6, the
monitor 2, the external memory card 5, a speaker 22 and a disc
drive 20.

[0064] The GPU 12 performs image processing based on an
instruction from the CPU 10. The GPU 12 includes, for
example, a semiconductor chip for performing calculation
processing necessary for displaying 3D graphics. The GPU
12 performs the image processing using a memory dedicated
for image processing (not shown) and a part of the storage
area of the main memory 13. The GPU 12 generates game
image data and a movie to be displayed on the display screen
of the monitor 2 using such memories, and outputs the gen-
erated data or movie to the monitor 2 via the memory con-
troller 11 and the video I/F 17 as necessary.

[0065] The main memory 13 is a storage area used by the
CPU 10, and stores a game program or the like necessary for
processing performed by the CPU 10 as necessary. For
example, the main memory 13 stores a game program read
from the optical disc 4 by the CPU 10, various types of data or
the like. The game program, the various types of data or the
like stored in the main memory 13 are executed by the CPU
10.

[0066] The DSP 14 processes sound data or the like gener-
ated by the CPU 10 during the execution of the game pro-
gram. The DSP 14 is connected to the ARAM 15 for storing
the sound data or the like. The ARAM 15 is used when the
DSP 14 performs predetermined processing (for example,
storage of the game program or sound data already read). The
DSP 14 reads the sound data stored in the ARAM 15 and
outputs the sound data to the speaker 22 included in the
monitor 2 via the memory controller 11 and the audio I/F 19.
[0067] The memory controller 11 comprehensively con-
trols data transfer, and is connected to the various I/Fs
described above. The controller I/F 16 includes, for example,
four controller I/Fs, and communicably connects the game
apparatus 3 to an external device which is engageable via
connectors of the controller I/Fs. For example, the receiving
unit 6 is engaged with such a connector and is connected to
the game apparatus 3 via the controller I/F 16. As described
above, the receiving unit 6 receives the operation data from
the controller 7 and outputs the operation data to the CPU 10
via the controller I/F 16. In other embodiments, the game
apparatus 3 may include a receiving module for receiving the
operation data transmitted from the controller 7, instead of the
receiving unit 6. In this case, the operation data received by
the receiving module is output to the CPU 10 via a predeter-
mined bus. The video I/F 17 is connected to the monitor 2.
The external memory I/F 18 is connected to the external
memory card 5 and is accessible to a backup memory or the
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like provided in the external card 5. The audio I/F 19 is
connected to the speaker 22 built in the monitor 2, and is
connected such that the sound data read by the DSP 14 from
the ARAM 15 or sound data directly output from the disc
drive 20 is output from the speaker 22. The disc I/F 21 is
connected to the disc drive 20. The disc drive 20 reads data
stored at a predetermined reading position of the optical disc
4 and outputs the data to a bus of the game apparatus 3 or the
audio I/F 19.

[0068] With reference to FIG. 3A through FIG. 8, the con-
troller 7 as an exemplary input device will be described. FIG.
3 A through FIG. 5B are external isometric views of the con-
troller 7. FIG. 3A is an isometric view of the controller 7 seen
from the top rear side thereof. FIG. 3B is an isometric view of
the controller 7 seen from the bottom rear side thereof. FIG. 4
is a front view of the controller 7.

[0069] As shown in FIG. 3A, FIG. 3B and FIG. 4, the
controller 7 includes a housing 31 formed by plastic molding
or the like. The housing 31 has a generally parallelepiped
shape extending in a longitudinal or front-rear direction (the
Z-axis direction shown in FIG. 3A). The overall size of the
housing 31 is small enough to be held by one hand of an adult
oreven a child. The player can use the controller 7 to perform
a game operation of pressing buttons provided thereon, a
game operation of changing the inclination of the controller 7
itself (the angle of the controller 7 with respect to a direction
of gravity), and a game operation of changing the position or
direction of the controller 7 itself. For example, the player can
change the inclination of the controller 7 to move an operation
target (object) appearing in the game space. Also for example,
the player can rotate the controller 7 with the longitudinal
direction thereof as an axis to move the operation target
through processing of the linear acceleration signals gener-
ated by the acceleration sensor 37. The player can change the
position indicated by the controller 7 on the display screen to
move the object appearing in the game space. The “position
indicated by the controller 7 on the display screen” is ideally
a position at which a phantom straight line extending from a
front end of the controller 7 in the longitudinal direction
crosses the display screen of the monitor 2. However, it is not
necessary that the “position indicated by the controller 7 on
the display screen” is strictly such a position. It is sufficient
that the game apparatus 3 can calculate a position in the
vicinity thereof. Hereinafter, a position indicated by the con-
troller 7 on the display screen will be referred to as an “indi-
cated position” or an “indicated position by the controller 7.
The longitudinal direction of the controller 7 (housing 31)
will be sometimes referred to as an “indicated direction”.
[0070] The housing 31 has a plurality of operation buttons.
Provided on a top surface of the housing 31 are a cross key
32a, an X button 3254, a’Y button 32¢, a B button 324, a select
switch 32e, a menu switch 32/, and a start switch 32g. On a
bottom surface of the housing 31, a recessed portion is
formed. On a rear slope surface of the recessed portion, an A
button 32/ is provided. These buttons and switches are
assigned various functions in accordance with the game pro-
gram executed by the game apparatus 3, but this will not be
described in detail because the functions are not directly
relevant to the present invention. On the top surface of the
housing 31, a power switch 32/ is provided for remotely
turning on or off the game apparatus 3.

[0071] The controller 7 has the imaging information calcu-
lation section 35 (FIG. 5B). As shown in FIG. 4, a light
incident opening 35a of the imaging information calculation

Oct. 3,2013

section 35 is provided on a front surface of the housing 31. On
a rear surface of the housing 31, a connector 33 is provided.
The connector 33 is, for example, a 32-pin edge connector,
and is used for connecting the controller 7 to another device.
In a rear part of the top surface of the housing 31, a plurality
of LEDs 34 are provided. The controller 7 is assigned a
controller type (number) so as to be distinguishable from the
other controllers 7. The LEDs 34 are used for informing the
player of the controller type which is currently set to control-
ler 7 that he/she is using. Specifically, when the controller 7
transmits the operation data to the game apparatus 3, one of
the plurality of LEDs 34 corresponding to the controller type
is lit up.

[0072] With reference to FIG. 5A, FIG. 5B and FIG. 6, an
internal structure of the controller 7 will be described. FIG.
5A and FIG. 5B illustrate an internal structure of the control-
ler 7. FIG. 5A is anisometric view illustrating a state where an
upper casing (a part of the housing 31) of the controller 7 is
removed. FIG. 5B is an isometric view illustrating a state
where a lower casing (a part of the housing 31) of the con-
troller 7 is removed. FIG. 5B shows a reverse side of a sub-
strate 300 shown in FIG. SA.

[0073] As shown in FIG. 5A, the substrate 300 is fixed
inside the housing 31. On a top main surface of the substrate
300, the operation buttons 324 through 324, the acceleration
sensor 37, the LEDs 34, a quartz oscillator 46, a wireless
module 44, an antenna 45 and the like are provided. These
elements are connected to a microcomputer 42 (see FI1G. 6)
via lines (not shown) formed on the substrate 300 and the like.
The wireless module 44 and the antenna 45 allow the con-
troller 7 to act as a wireless controller. The quartz oscillator 46
generates a reference clock of the microcomputer 42
described later.

[0074] As shown in FIG. 5B, at a front edge of a bottom
main surface of the substrate 300, the imaging information
calculation section 35 is provided. The imaging information
calculation section 35 includes an infrared filter 38, a lens 39,
an imaging element 40 and an image processing circuit 41
located in this order from the front surface of the controller 7.
These elements are attached to the bottom main surface of the
substrate 300. At a rear edge of the bottom main surface of the
substrate 300, the connector 33 is attached. The operation
button 32/ is attached on the bottom main surface of the
substrate 300 rearward to the imaging information calcula-
tion section 35, and cells 47 are accommodated rearward to
the operation button 32i. On the bottom main surface of the
substrate 300 between the cells 47 and the connector 33, a
vibrator 48 is attached. The vibrator 48 may be, for example,
a vibration motor or a solenoid. The controller 7 is vibrated by
an actuation of the vibrator 48, and the vibration is conveyed
to the player holding the controller 7. Thus, a so-called vibra-
tion-responsive game is realized.

[0075] FIG. 6 is a block diagram showing the structure of
the controller 7. The controller 7 includes the acceleration
sensor 37 mentioned above. The acceleration sensor 37
detects an acceleration of the controller 7 (including an accel-
eration of gravity). Namely, the acceleration sensor 37 detects
a force applied to the controller 7 (including gravity) and
outputs the detected force as an acceleration. FIG. 7 and FIG.
8 show the relationship between the inclination of the con-
troller 7 and the output of the acceleration sensor 37. As
shown in FIG. 7 and FIG. 8, the acceleration sensor 37 detects
an acceleration in each of three axial directions regarding the
controller 7, i.e., the up-down direction (Y'-axis direction in
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FIG. 7), the left-right direction (X'-axis direction in FIG. 7),
and the front-rear direction (the Z'-axis direction in FIG. 7).
Namely, the acceleration sensor 37 detects an acceleration in
a linear direction along each axis, and therefore an output
from the acceleration sensor 37 represents a value of an
acceleration in each axis. Therefore, the detected acceleration
is represented as a three-dimensional vector in an X'-Y'-Z!
coordinate system (see FIG. 7 and FIG. 8) which is set based
onthe controller 7. Herein, the upward direction regarding the
controller 7 is set as a positive Y'-axis direction, the horizontal
direction regarding the controller 7 is set as a positive Z'-axis
direction, and the leftward direction regarding the controller
7 in the case where the controller 7 is viewed from the rear end
thereof toward the front end thereof'is set as a positive X'-axis
direction.

[0076] As explained above, the controller 7 preferably
includes a three-axis, linear acceleration sensor 37 that
detects linear acceleration in each of the three axial directions
described above. Alternatively, a two axis linear accelerom-
eter that only detects linear acceleration along each of the
X-axis and Y-axis (or other pair of axes) may be used in
another embodiment depending on the type of control signals
desired. As a non-limiting example, the three-axis or two-axis
linear accelerometer 37 may be of the type available from
Analog Devices, Inc. or STMicroelectronics N.V. Preferably,
the acceleration sensor 37 is an electrostatic capacitance or
capacitance-coupling type that is based on silicon micro-
machined MEMS (microelectromechanical systems) tech-
nology. However, any other suitable accelerometer technol-
ogy (e.g., piezoelectric type or piezoresistance type) now
existing or later developed may be used to provide the three-
axis or two-axis acceleration sensor 37.

[0077] As one skilled in the art understands, linear accel-
erometers, as used in acceleration sensor 37, are only capable
of detecting acceleration along a straight line corresponding
to each axis of the acceleration sensor. In other words, the
direct output of the acceleration sensor 37 is limited to signals
indicative of linear acceleration (static or dynamic) along
each of the two or three axes thereof. As a result, the accel-
eration sensor 37 cannot directly detect movement along a
non-linear (e.g. arcuate) path, rotation, rotational movement,
angular displacement, tilt, position, attitude or any other
physical characteristic.

[0078] However, through additional processing of the lin-
ear acceleration signals output from the acceleration sensor
37, additional information relating to the controller 7 can be
inferred or calculated, as one skilled in the art will readily
understand from the description herein. For example, by
detecting static, linear acceleration (i.e., gravity), the linear
acceleration output of the acceleration sensor 37 can be used
to infer or calculate tilt or inclination of the object relative to
the gravity vector by correlating tilt angles with detected
linear acceleration. In this way, the acceleration sensor 37 can
be used in combination with the micro-computer 42 (or
another processor) to determine tilt, attitude or position of the
controller 7. Similarly, various movements and/or positions
of'the controller 7 can be calculated or inferred through pro-
cessing of the linear acceleration signals generated by the
acceleration sensor 37 when the controller 7 containing the
acceleration sensor 37 is subjected to dynamic accelerations
by, for example, the hand of a user. In another embodiment,
the acceleration sensor 37 may include an embedded signal
processor or other type of dedicated processor for performing
any desired processing of the acceleration signals output from
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the accelerometers therein prior to outputting signals to
micro-computer 42. For example, the embedded or dedicated
processor could convert the detected acceleration signal to a
corresponding tilt angle when the acceleration sensor is
intended to detect static acceleration (i.e., gravity).

[0079] FIG. 7 shows a state where an acceleration of gravity
(vector V2a in FIG. 7) is directed downward regarding the
controller 7. In this state, the value V2a of an acceleration
detected by the acceleration sensor 37 (hereinafter, referred to
as an “acceleration vector”) is in a negative Y'-axis direction.
In FIG. 7 and FIG. 8, it is assumed that the controller 7 is in a
still state. In the state shown in FIG. 7, only the Y' coordinate
value of the acceleration vector V2a is not zero, and both the
X' coordinate value and the Z' coordinate value of the accel-
eration vector V2a are zero. FIG. 8 shows a state in which the
controller 7 is inclined as a result of being rotated from the
state shown in FIG. 7 around the Z' axis. In the state shown in
FIG. 8, the direction ofthe acceleration vector V2a is changed
from the state in FIG. 7. The X' coordinate value and the Y'
coordinate value of the acceleration vector V2a are not zero,
and the Z' coordinate value of the acceleration vector V2a is
zero because the controller 7 has been rotated around the 7'
axis. As shown in FIG. 7 and FIG. 8, the acceleration sensor
37 can detect a value of an acceleration having three axial
directions regarding the controller 7 as components. Thus, a
calculation handling the value of the acceleration as an accel-
eration vector having the three axial components is performed
by software processing using a computer such as the micro-
computer 42 or the CPU 10, and thus an inclination of the
controller 7 can be calculated. Data representing the accel-
eration detected by the acceleration sensor 37 (acceleration
data) is output to the communication section 36. In the first
embodiment, the acceleration sensor 37 outputs a value in
accordance with the acceleration sequentially (specifically,
frame by frame). The game apparatus 3 performs a predeter-
mined calculation handling the value as an acceleration vec-
tor to calculate the inclination (posture) of the controller 7,
and executes game processing in accordance with the incli-
nation.

[0080] In this embodiment, the magnitude of an accelera-
tion which is detected when the controller 7 is in a still state,
i.e., the magnitude of an acceleration which represents only
an acceleration of gravity, is set as 1. For example, the values
of'the components of the acceleration vector V2a detected in
the state shown in FIG. 7 are (0, 1, 0).

[0081] Inthe firstembodiment, itis intended to calculate an
inclination of the controller 7 in two axial directions vertical
to the imaging direction of the imaging means, i.e., the X'-Y"
directions. Therefore, in the first embodiment, an acceleration
sensor for detecting an acceleration in only two axial direc-
tions (X'-Y"' directions) may be used instead of the accelera-
tion sensor 37 for detecting an acceleration in three axial
directions. The acceleration sensor 37 is typically of a static
capacitance type, but may be of any other system.

[0082] The controller 7 includes the operation section 32
(operation buttons), the imaging information calculation sec-
tion 35, and the communication section 36 in addition to the
acceleration sensor 37. In this embodiment, the controller 7
only needs to include acceleration detection means (the accel-
eration sensor 37) and may not absolutely need to include the
operation section 32 or the imaging information calculation
section 35.

[0083] Returning to FIG. 6, the imaging information cal-
culation section 35 uses the image taken by the imaging
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means to calculate the positions of the markers 8a and 856 on
the image. The imaging information calculation section 35 is
a system for analyzing image data taken by imaging means
and detecting the position of the center of gravity, the size and
the like of an area having a high brightness in the image data.
The imaging information calculation section 35 has, for
example, a maximum sampling period of about 200 frames/
sec., and therefore can trace and analyze even a relatively fast
motion of the controller 7.

[0084] Specifically, the imaging information calculation
section 35 includes the infrared filter 38, the lens 39, the
imaging element 40 and the image processing circuit 41. The
infrared filter 38 allows only infrared light to pass there-
through, among light incident on the front surface of the
controller 7. The markers 84 and 85 located in the vicinity of
the display screen of the monitor 2 are infrared LEDs for
outputting infrared light forward from the monitor 2. There-
fore, the provision of the infrared filter 38 allows the image of
each of the markers 8a and 85 to be taken more accurately.
The lens 39 collects the infrared light which has passed
through the infrared filter 38 and outputs the infrared light to
the imaging element 40. The imaging element 40 is a solid-
state imaging device such as, for example, a CMOS sensor or
a CCD. The imaging element 40 takes an image of the infra-
red light collected by the lens 39. Accordingly, the imaging
element 40 takes an image of only the infrared light which has
passed through the infrared filter 38 and generates image data.
Hereinafter, an image taken by the imaging element 40 will be
referred to as a “taken image”. The image data generated by
the imaging element 40 is processed by the image processing
circuit 41. The image processing circuit 41 calculates the
positions of the imaging targets (the markers 8a and 85) in the
taken image. The positions are represented in a coordinate
system (x-y coordinate system) in which the downward direc-
tion of the taken image is a positive y-axis direction and the
rightward direction of the taken image is a positive x-axis
direction. The image processing circuit 41 outputs coordinate
values indicating the respective positions of the markers 8a
and 85 in the taken image to the communication section 36 as
imaging data. Since these coordinate values vary in accor-
dance with the direction or position of the controller 7 itself,
the game apparatus 3 can calculate the direction and position
of the controller 7 using these coordinate values.

[0085] The communication section 36 includes the micro-
computer 42, a memory 43, the wireless module 44 and the
antenna 45. The microcomputer 42 controls the wireless
module 44 for wirelessly transmitting the data obtained by the
microcomputer 42 while using the memory 43 as a storage
area during processing.

[0086] Data which is output from the operation section 32,
the acceleration sensor 37 and the imaging information cal-
culation section 35 to the microcomputer 42 is temporarily
stored in the memory 43. The wireless transmission from the
communication section 36 to the receiving unit 6 is performed
at a predetermined time interval. Since game processing is
generally performed at a cycle of Yo sec., the wireless trans-
mission needs to be performed at a cycle of a shorter time
period. At the transmission timing to the receiving unit 6, the
microcomputer 42 outputs the data stored in the memory 43 to
the wireless module 44 as operation data. The wireless mod-
ule 44 uses, for example, the Bluetooth (registered trademark)
technology to modulate a carrier wave of a predetermined
frequency with the operation data and radiate the resultant
very weak electric signal from the antenna 45. Namely, the
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operation data is modulated into a very weak electric signal
by the wireless module 44 and transmitted from the controller
7. The very weak electric signal is received by the receiving
unit 6 on the side of the game apparatus 3. The received very
weak electric signal is demodulated or decoded, so that the
game apparatus 3 can obtain the operation data. The CPU 10
of'the game apparatus 3 executes the game processing based
on the obtained operation data and the game program.
[0087] The shape of the controller 7, and the shape, number,
position or the like of the operation buttons and switches
shown in FIG. 3 A through FIG. 5B are merely exemplary, and
may be altered without departing from the scope of the
present invention. The position of the imaging information
calculation section 35 in the controller 7 (the light incident
opening 35a of the imaging information calculation section
35) does not need to be on the front surface of the housing 31,
and may be on another surface as long as light can enter from
the outside of the housing 31. In this case, the “indicated
direction” is a direction vertical to the light incident opening,
i.e., the direction in which the imaging element 40 takes
images of the imaging targets.

[0088] By using the controller 7, the player can perform a
game operation of changing the inclination of the controller 7,
of changing the position of the controller 7 itself, or of rotat-
ing the controller 7, in addition to the conventional game
operation of pressing the operation buttons or switches. Here-
inafter, the game operations using the controller 7 will be
described.

[0089] FIG. 9 is a general view of a game operation using
the controller 7. As shown in FIG. 9, when playing the game
using the controller 7 with the game system 1, the player holds
the controller 7 with one hand. The markers 8a and 85 are
located parallel to the transverse or width direction of the
monitor 2. In this embodiment, the player uses the controller
7 at almost the same height as the monitor 2 and holds the
controller 7 in the state where the longitudinal direction of the
controller 7 is almost parallel to the ground. The player holds
the controller 7 such that the front surface of the controller 7
(having the light incident opening 35a by which the imaging
information calculation section 35 takes the image of each of
the markers 8a and 8b) faces the markers 8a and 854. In this
state, the player performs a game operation of changing the
inclination of the controller 7, of changing the position indi-
cated by the controller 7 on the display screen (indicated
position), or of changing the distance between the controller
7 and the markers 8a and 84.

[0090] FIG. 10 illustrates the viewing angles of the markers
8a and 84 and the controller 7. As shown in FIG. 10, the
markers 8a and 8b each radiate infrared light at a viewing
angle 01. The imaging element 40 of the imaging information
calculation section 35 can receive light incident thereon at a
viewing angle 62 centered around the viewing direction of the
controller 7. For example, the viewing angle 01 of each of the
markers 8a and 86 is 34° (half value angle), and the viewing
angle 02 of the imaging element 40 is 41°. The player holds
the controller 7 at the position and the direction with which
the imaging element 40 can receive the infrared light from
both the markers 8a and 8b. Specifically, the player holds the
controller 7 in a range in which at least one of the markers 8a
and 85 exists in the viewing angle 02 of the imaging element
40 and the controller 7 exists in the viewing angle 01 of at
least one of the markers 8a and 85. In this state, the controller
7 can detect the marker 8a and/or the marker 85. When the
position or the direction of the controller 7 is outside the
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above-described range, the marker 8a and/or the marker 85
cannot be detected. Thus, the game apparatus 3 cannot cal-
culate the inclination of the controller 7 using the taken
image. Hereinafter, the above-described range will be
referred to as a “detectable range”.

[0091] In the case where the controller 7 is held in the
detectable range, the image of each of the markers 8a and 85
is taken by the imaging information calculation section 35.
Namely, the taken image obtained by the imaging informa-
tion calculation section 35 includes the image of each of the
markers 8a and 85 (target images). FIG. 11 shows an example
of'a taken image including the target images. In FIG. 11, area
Al indicated by the dashed line represents an area in the taken
image. The image processing circuit 41 uses image data of the
taken image including the target images to detect coordinate
sets representing positions of the markers 8a and 85 in the
taken image.

[0092] Specifically, the image processing circuit 41 detects
a coordinate set representing a position of an area in the taken
image matching a predetermined condition on an area-by-
area basis. The predetermined condition is a condition for
detecting a target image. Specifically, the predetermined con-
dition is that the area needs to have a brightness having a
predetermined value or higher (high brightness area) and
needs to have a size within a predetermined range. The pre-
determined condition only needs to be a condition for detect-
ing a target image, and in other embodiments, may include a
condition regarding the color of the image. The target images
appear as high brightness areas in the image data of a taken
image. Therefore, the image processing circuit 41 first detects
the high brightness areas as candidates of the target images.
Next, based on the size of each detected high brightness area,
the image processing circuit 41 determines whether or not the
high brightness area is a target image. The taken image may
include images other than the target images (images 8a' and
85' of the markers 8a and 85) due to sunlight coming through
a window or light of a fluorescent lamp in the room. The
above-described determination is performed in order to dis-
tinguish the target images 84a' and 85" from the other images so
that the target images are accurately detected. Specifically, it
is determined whether or not each detected high brightness
area has a size within a predetermined size range. When the
high brightness area has a size within the predetermined size
range, the high brightness area is determined to be a target
image; whereas when the high brightness area has a size
outside the predetermined size range, the high brightness area
is determined not to be a target image.

[0093] The image processing circuit 41 calculates the posi-
tion of a high brightness area which is determined to be a
target image as a result of the determination. Specifically, the
image processing circuit 41 calculates the position of the
center of gravity of the high brightness area. The position of
the center of gravity can be calculated at a more detailed scale
than the resolution of the imaging element 40. In this embodi-
ment, the resolution of the taken image obtained by the imag-
ing element 40 is 126x96, and the position of the center of
gravity is calculated at a scale of 1024x768. Namely, the
coordinate set of the position of the center of gravity is rep-
resented by integer values from (0, 0) to (1024, 768). As
shown in FIG. 11, a position in the taken image is represented
by a coordinate system (X-y coordinate system) in which the
upper left corner of the taken image is the origin, the down-
ward direction from the origin is a positive y-axis direction,
and the rightward direction from the origin is a positive x-axis
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direction. The image processing circuit 41 outputs data rep-
resenting the coordinate set calculated by the above-de-
scribed calculation processing. As described above, the data
onthe coordinate set is transmitted to the game apparatus 3 by
the microcomputer 42 as the operation data. In this embodi-
ment, the processing up to the calculation of a coordinate set
representing the position of the target image based on the
taken image is executed by the image processing circuit 41
and/or the microcomputer 42 of the controller 7. For example,
the taken image may be transmitted to the game apparatus 3
so that processing equivalent to the subsequent processing is
executed by the CPU 10 of the game apparatus 3 or the like.
[0094] In this manner, the image processing circuit 41
detects a coordinate set representing the position of an area in
the taken image which matches a predetermined condition on
an area-by-area basis. In the following description, a coordi-
nate set detected by the image processing circuit 41 will
sometimes be referred to as a “marker coordinate set”.
[0095] Hereinafter, an overview of processing of calculat-
ing an inclination of the controller 7 will be described. In this
embodiment, an inclination of the controller 7 regarding the
rotation around the Z' axis will be calculated.

[0096] In this embodiment, the game apparatus 3 first cal-
culates two types of inclinations of the controller 7 using two
different methods. According to a first method, an inclination
of'the controller 7 is calculated from information obtained by
the imaging information calculation section 35 (taken
image). According to a second method, an inclination of the
controller 7 is calculated from information obtained by the
acceleration sensor 37 (acceleration data). The game appara-
tus 3 uses the two types of inclinations obtained by two
methods to calculate a final inclination of the controller 7
which is to be used for a game operation.

[0097] Inthis embodiment, a direction of the inclination of
the controller 7 is represented as a vector. In the following
description, a vector representing the inclination obtained by
the first method will be referred to as a “first vector”, and a
vector representing the inclination obtained by the second
method will be referred to as a “second vector”. The game
apparatus 3 calculates a final inclination of the controller 7
using the first vector and the second vector. In the following
description, the vector which is used for a game operation as
avector representing an inclination of the controller 7 will be
referred to as an “output vector”. In this embodiment, pro-
cessing of calculating the first vector and the second vector,
and processing of calculating the output vector using the first
vector and the second vector, are executed frame by frame.
[0098] With reference to FIG. 11 through FIG. 13, process-
ing of calculating a first vector by the first method will be
described. In the taken image shown in FIG. 11, point p1 and
point 2 each represent the position of a marker image on the
x-y plane. In the following description, a coordinate set rep-
resenting the position of a marker image will be referred to as
a “marker coordinate set”. In this embodiment, data repre-
senting a marker coordinate set is transmitted from the con-
troller 7 to the game apparatus 3. When the images of the
markers 8a and 86 are properly taken, data on two marker
coordinate sets (in the example of FIG. 11, a coordinate set
representing point p1 and a coordinate set representing point
p2) is transmitted.

[0099] Upon obtaining the two marker coordinate sets, the
game apparatus 3 calculates a vector V1 connecting the two
marker coordinate sets. The calculated vector V1 is the first
vector. The first vector V1 has one of the two marker coordi-
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nate sets as a start point and the other marker coordinate set as
an endpoint. The first vector V1 represents an inclination of
the controller 7 regarding the rotation around the 7' axis (see
FIG. 7). For example, in the case where the direction con-
necting the markers 8a and 85 is parallel to the X' axis of the
controller 7, the first vector V1 is parallel to the x axis as
shown in FIG. 11. FIG. 12 shows the controller 7 in an
inclined state as a result of being rotated around the 7' axis. As
shown in FIG. 12, in the case where the X' axis of the con-
troller 7 is inclined at a predetermined angle with respect to
the direction connecting the markers 8a and 85, the game
apparatus 3 obtains coordinate set data on points p1 and p2 as
shown in FIG. 13 from the controller 7. FIG. 13 shows a first
vector and a second vector obtained in the state shown in FIG.
12. As shown in FIG. 13, the first vector V1 represents a
direction inclined at the predetermined angle with respect to
the x axis. Since the direction of the first vector V1 varies in
accordance with the inclination of the controller 7 regarding
the rotation around the 7' axis, the inclination of the controller
7 regarding the rotation around the Z' axis can be found based
on the first vector V1.

[0100] Next, with reference to FIG. 12 and FIG. 13, pro-
cessing of calculating a second vector by the second method
will be described. In the case where the controller 7 is in the
state of FIG. 12, a vector representing an acceleration
detected by the acceleration sensor 37 is a vector V2a shown
in FIG. 12. In this embodiment, acceleration data represent-
ing the vector V2a is transmitted from the controller 7 to the
game apparatus 3. The vector V2a is a three-dimensional
vector represented in the X'-Y'-Z' coordinate system.

[0101] Upon obtaining the vector V2a from the controller
7, the game apparatus 3 converts the vector V2a into a vector
of the x-y coordinate system. The game apparatus 3 also
calculates a second vector V2b using the post-conversion
vector. In this embodiment, the second vector V25 is calcu-
lated using a second vector calculated previously (previous
second vector) and the vector of the x-y coordinate system
converted from the vector V2a obtained currently by the
acceleration sensor 37. In this specification, the term “previ-
ous” means “immediately previous”. The processing of cal-
culating the second vector V2b will be described in detail later
(see FIG. 17 and FIG. 18). When, for example, the vector V2a
shown in F1G. 12 is detected by the acceleration sensor 37, the
second vector obtained by the conversion is the vector V2b
shown in FIG. 13. When the detection by the imaging infor-
mation calculation section 35 and the detection by the accel-
eration sensor 37 are accurate, the first vector V1 and the
second vector V2b are directed in the same direction as shown
in FIG. 13.

[0102] The first method and the second method have the
following characteristics. The first method is advantageous in
being able to calculating an inclination more accurately than
the second method, but is disadvantageous in occasionally
not being able to calculate the first vector. The first vector
cannot be calculated when, for example, the position and the
posture of the controller 7 are not in the detectable range;
sunlight, light from a fluorescent lamp in the room or other
light displayed on the monitor 2 is incorrectly recognized as
the light from the markers 8a and 85; or the controller 7 is too
far from the markers 8a and 85 to detect the light from the
markers 8a and 854. In these cases, the marker coordinate sets
are not detected, only one marker coordinate set is detected,
or three or more marker coordinate sets are detected. There-
fore, the game apparatus 3 cannot calculate the first vector V1.
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[0103] The second method is advantageous in being able to
constantly calculate the second vector V25 because the accel-
eration sensor 37 always outputs acceleration data, but is
disadvantageous in being lower in terms of precision of the
detected inclination than the first method. For example, when
the controller 7 is being moved by the player, the acceleration
detected by the acceleration sensor 37 includes other accel-
eration components caused by an inertial force in addition to
the acceleration of gravity. When such an acceleration is
detected, the inclination cannot be accurately calculated.
[0104] Inthis embodiment, the game apparatus 3 calculates
an output vector using the first vector V1 and the second
vector V2b in consideration of the advantages and the disad-
vantages of the first method and the second method. Specifi-
cally, when the first vector V1 is calculated, the output vector
is calculated based on the first vector V1. When the first vector
V1 is not calculated, the output vector is calculated based on
the second vector V25. With this method, when the first vector
is calculated, the inclination of the controller 7 is accurately
calculated, whereas when the first vector is not calculated, the
inclination of the controller 7 is calculated using the second
vector V2b so as to avoid the situation where the inclination is
not calculated.

[0105] Also in the first embodiment, when the first vector
V1 is calculated, the game apparatus 3 compares the first
vector V1 and the second vector V24 and corrects the first
vector V1 in accordance with the comparison result, instead
of simply setting the first vector V1 as the output vector.
Specifically, when the directions of the first vector V1 and the
second vector V25 are opposite to each other, the first vector
V1 is corrected to be directed in the opposite direction. FIG.
14 shows the first vector V1 and the second vector V25 in one
state. In the state shown in FIG. 14, the directions of the first
vector V1 and the second vector V25 are different from each
other by 180°. In this case, the game apparatus 3 corrects the
vector V1 so as to be directed in the opposite direction and
sets the post-correction vector as the output vector.

[0106] The first vector V1 is corrected based on the com-
parison result for the following reason. With the first method,
the first vector V1 may possibly be directed in the opposite
direction to a vector corresponding to the direction of the
actual inclination of the controller 7. With the first method, a
vector connecting the two marker coordinate sets is set as the
first vector V1. When each of the two marker coordinate sets
is incorrectly recognized as the start point or the end point, the
direction of the first vector V1 is different from the accurate
direction by 180°. By contrast, the second vector V24 calcu-
lated by the second method may not possibly correspond to
the actual inclination of the controller 7 strictly accurately,
but usually is not directed in the opposite direction. There-
fore, in this embodiment, when the direction of the second
vector V2b and the direction of the first vector V1 are signifi-
cantly different (by an angle close to 180°; for example, 90°
to 270°), the direction of the first vector V1 is regarded as
being opposite to the actual direction. The first vector V1 is
corrected so as to be directed oppositely. Thus, the first vector
V1 can be calculated more accurately, and as a result, the
inclination of the controller 7 can be more accurately calcu-
lated.

[0107] Next, the game processing executed by the game
apparatus 3 will be described in detail. First, main data used
for the game processing will be described with reference to
FIG. 15. FIG. 15 shows main data stored on the main memory
13 of the game apparatus 3. As shown in FIG. 15, the main



US 2013/0262022 Al

memory 13 has stored thereon a game program 51, operation
data 52, calculation processing data 53 and the like. In addi-
tion to the above-mentioned data, the main memory 13 has
stored thereon image data of characters appearing in the
game, data representing various parameters of the characters,
and other data necessary for the game processing.

[0108] The game program 51 is partially or entirely read
from the optical disc 4 at an appropriate time after the game
apparatus 3 is powered on and stored on the main memory 13.
The game program 51 includes an inclination calculation
program 511. The inclination calculation program 511 is a
program for executing the processing of calculating an incli-
nation of the controller 7 (the inclination calculation process-
ing) using an output from the imaging information calcula-
tion section 35 and an output from the acceleration sensor 37.
The game program 51 includes programs necessary for the
game processing in addition to the inclination calculation
program 511.

[0109] The operation data 52 is transmitted from the con-
troller 7 to the game apparatus 3 and stored on the main
memory 13. The operation data 52 includes marker coordi-
nate set data 521 and acceleration data 522. The marker
coordinate set data 521 represents a coordinate set detected
by the image processing circuit 41, i.e., a marker coordinate
set mentioned above. As described above, there is no limita-
tion on the number of marker coordinate sets detected. There-
fore, the marker coordinate set data 521 may represent a
plurality of marker coordinate sets, may represent only one
marker coordinate set, or may represent there is no marker
coordinate set.

[0110] Theacceleration data 522 represents an acceleration
vector detected by the acceleration sensor 37. Herein, the
acceleration data 522 represents an acceleration in three axial
directions (X'-,Y'-, and Z'-axis directions) shown in FIG. 7. In
addition to the marker coordinate set data 521 and the accel-
eration data 522, the operation data 52 includes data repre-
senting operations performed on the buttons and switches of
the operation section 32.

[0111] The calculation processing data 53 is used for pro-
cessing of calculating an output vector (steps S3 through S5
described later). The calculation processing data 53 includes
first vector data 531, previous first vector data 532, second
vector data 533, previous acceleration data 534, change
amount data 535, output vector data 536, previous output
vector data 537, counter value data 538, reflection degree data
539, and horizontal degree data 540.

[0112] The first vector data 531 represents a first vector
described above. The first vector is basically calculated frame
by frame, but may not be calculated as a result of the game
apparatus 3 failing to calculate the first vector depending on
the content of the marker coordinate set. The first vector data
531 is updated each time a new first vector is calculated so as
to constantly represent the latest first vector. The previous
vector data 532 is used in a second embodiment described
later, and represents a first vector calculated previously. When
a new first vector is calculated and the first vector data 531 is
updated, the pre-update first vector is stored on the main
memory 13 as the updated previous first vector data 532.

[0113] The second vector data 533 represents a second
vector described above. The second vector V2b is calculated
frame by frame. The second vector 533 is updated each time
anew second vector is calculated so as to constantly represent
the latest second vector.
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[0114] The previous acceleration data 534 represents an
acceleration data calculated previously. When new operation
datais transmitted from the controller 7 to the game apparatus
3 and the acceleration data 522 is updated, acceleration data
calculated previously is stored on the main memory 13 as the
updated previous acceleration data 534 to be used in the next
frame for calculating a vector.

[0115] The change amount data 535 represents a change
amount from the acceleration detected by the acceleration
sensor 37 previously to the acceleration detected by the accel-
eration sensor 37 currently. Specifically, in this embodiment,
the change amount data 535 represents a change amount of
the direction of the acceleration. This change amount indi-
cates a degree of reliability of an output from the acceleration
sensor 37, i.e., a degree of accuracy of the inclination repre-
sented by the output from the acceleration sensor 37 to the
actual inclination of the controller 7.

[0116] The output vector data 536 represents an output
vector described above. The output vector is calculated frame
by frame. The output vector data 536 is updated each time a
new output vector is calculated so as to constantly represent
the latest output vector.

[0117] The counter value data 538 is used in the second
embodiment, and represents a counter value which indicates
the number of frames from the calculation state of the first
vector was changed. The expression that “the calculation state
of'the first vector is changed” means that the first vector was
calculated previously but is not calculated currently, or the
first vector was not calculated previously but is calculated
currently.

[0118] The reflection degree data 539 is used in the second
embodiment, and represents a degree at which the vector
calculated previously is to be reflected on the vector calcu-
lated currently (reflection degree). The reflection degree is
calculated based on the counter value.

[0119] Thehorizontal degree data is used in a third embodi-
ment described later, and represents a degree at which the
controller 7 is in a horizontally direction (horizontal degree).
Herein, the state in which the controller 7 is in a horizontal
direction is a state in which the negative Y'-axis direction of
the controller 7 (FIG. 7) matches the direction of the accel-
eration of gravity.

[0120] The previous vector data 532, the counter value data
538, the reflection degree data 539 and the horizontal degree
data 540 are used in the second or third embodiment, and do
not need to be stored on the main memory 13 in the first
embodiment.

[0121] Next, the game processing executed by the game
apparatus 3 will be described in detail with reference to FIG.
16 through FIG. 19. FIG. 16 is a flowchart illustrating a flow
of the game processing executed by the game apparatus 3.
When the game apparatus 3 is turned on, the CPU 10 of the
game apparatus 3 executes a start program stored on the boot
ROM (not shown) to initialize each unit such as the main
memory 13. The game program stored on the optical disc 4 is
read into the main memory 13, and the CPU 10 starts the
execution of the game program. The flowchart shown in FIG.
16 illustrates the game processing after the above-described
processing is completed. With reference to FIG. 16, the game
processing for calculating an inclination of the controller 7
from a taken image obtained from the imaging information
calculation section 35 and an acceleration detected by the
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acceleration sensor 37 will be explained in detail, and other
game processing not directly relevant to the present invention
will be omitted.

[0122] First in step S1, a game space is constructed and
displayed on the monitor 2. The CPU 10 constructs, for
example, a three-dimensional game space (or a two-dimen-
sional game space) and locates objects appearing in the game
space at predetermined initial positions. A game image rep-
resenting the game space thus constructed is generated and
displayed on the monitor 2. After this, the processing loop of
steps S2 through S8 is repeated frame by frame, and thus the
game proceeds.

[0123] Instep S2, the CPU 10 obtains operation data from
the controller 7. More specifically, the controller 7 transmits
the operation data to the game apparatus 3 at a predetermined
time interval (for example, frame by frame), and the CPU 10
stores the transmitted operation data on the main memory 13.
In the case where the operation data includes marker coordi-
nate set data, the CPU 10 stores the marker coordinate set data
on the main memory 13. In the case where the operation data
includes acceleration data, the CPU 10 stores the acceleration
data on the main memory 13.

[0124] After step S2, the CPU 10 executes the inclination
calculation program 511 to execute steps S3 through S5. First
in step S3, a first vector is calculated based on the marker
coordinate set data 521 stored on the main memory 13. When
two marker coordinate sets are detected (when the marker
coordinate set data 521 represents two marker coordinate
sets), the CPU 10 calculates a vector, having one of the marker
coordinate sets as a start point and the other marker coordi-
nate set as an end point, as a first vector. Which of the two
marker coordinate sets is to be the start point of the vector and
which is to be the end point of the vector may be determined
in accordance with a predetermined condition. The predeter-
mined condition is, for example, that the marker coordinate
set having a smaller x coordinate value is set as the start point.
Alternatively, the marker coordinate set closer to the start
point of the previous output vector may be set as the start
point. Data representing the calculated first vector is stored on
the main memory 13 as the updated first vector 531. The
pre-update first vector is stored on the main memory 13 as the
updated previous vector data 532.

[0125] In this embodiment, when the number of the
detected marker coordinate sets is not two (i.e., when zero
marker coordinate set, one marker coordinate set, or three or
more marker coordinate sets are detected), the CPU 10 deter-
mines that it is impossible to calculate a first vector. In this
case, the first vector data 531 is updated to indicate that the
first vector could not be calculated. Like in the case where two
marker coordinate sets are detected, the pre-update first vec-
tor data is stored on the main memory 13 as the updated
previous vector data 532.

[0126] In this embodiment, the first vector is calculated
from two marker coordinate sets. The first vector may be
calculated by another method. As the method for calculating
the first vector, any method using at least a marker coordinate
set is usable. For example, the first vector may be calculated
using the marker coordinate set data and also acceleration
data which is an output from the acceleration sensor 37. More
specifically, according to one usable method, when only one
marker coordinate set is detected, another marker coordinate
set is estimated using the acceleration data. The two marker
coordinate sets thus obtained are used to calculate the first
vector. When three or more marker coordinate sets are
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detected, two marker coordinate sets which fulfill a predeter-
mined condition regarding a distance between the marker
coordinate sets or the like are selected from the three or more
marker coordinate sets. The two marker coordinate sets thus
obtained may be used to calculate the first vector.

[0127] Next in step S4, second vector calculation process-
ing is executed. By the second vector calculation processing,
a second vector is calculated based on the acceleration data
522 included in the operation data 52 stored on the main
memory 13 in step S2. With reference to FIG. 17 and FIG. 18,
the second vector calculation processing will be described.
[0128] First, with reference to FIG. 17, an overview of the
second vector calculation processing will be described. FIG.
17 illustrates the second vector calculation processing. The
second vector calculation processing is executed as follows.
The game apparatus 3 first calculates a preliminary vector vh
from an acceleration vector V2a detected by the acceleration
sensor 37. The preliminary vector vh indicates an inclination
of the controller 7 represented by the acceleration vector
itself. Specifically, the preliminary vector vh is obtained by
extracting an X'-axis component and a Y'-axis component of
the acceleration vector V2a and performing predetermined
coordinate set conversion on the extracted two-dimensional
vector so as to provide a vector of the x-y coordinate system
(see FI1G. 11). The preliminary vector vh is represented in the
x-y coordinate system, and has the origin of the x-y coordi-
nate system as a start point. The preliminary vector vhis a unit
vector having a length of 1. The preliminary vector vh is
uniquely determined from the acceleration vector. The pre-
liminary vector vh represents an inclination of the controller
7 under an assumption that the acceleration vector represents
the acceleration of gravity (an assumption that the accelera-
tion vector is directed in the direction of the acceleration of
gravity).

[0129] The reason why only the X'-axis component and the
Y'-axis component of the acceleration vector V2a are
extracted is as follows. In the first embodiment, it is intended
to calculate an inclination of the controller 7 regarding the
rotation around the 7' axis (in the X'-Y" directions), and there-
fore a 7Z'-axis component is not necessary. The reason why
predetermined coordinate set conversion is performed on the
extracted two-dimensional vector is that a vector correspond-
ing to the acceleration vector is to be displayed as a vector
having the same direction as the first vector in an ideal state,
in the same coordinate system as the first vector. By using the
same coordinate system to process the first vector and the
second vector in this manner, processing of calculating an
output vector using the first vector and the second vector is
facilitated.

[0130] After calculating the preliminary vector vh, the
game apparatus 3 calculates a second vector V2b (see FIG.
17) based on the preliminary vector vh and the previous
second vector V2b'. Like the preliminary vector vh, the sec-
ond vector V24 and the previous second vector V24' are both
a unit vector having a length of 1, and have the origin of the
x-y coordinate system as a start point. As shown in FIG. 17,
the second vector V2b is obtained by making the direction of
the previous second vector V25' closer to the direction of the
preliminary vector vh at a predetermined degree. In the fol-
lowing description, the predetermined degree will be repre-
sented as an effectiveness k(0<k=1). Specifically, the second
vector V25 is directed from the origin toward point P and has
a length of 1. Point P divides a line segment connecting the
end point ofthe previous second vector V24' and the end point
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of the preliminary vector vh at a ratio of k:(1-k). The effec-
tiveness k is calculated based on the length of the preliminary
vector vh. A method for calculating the effectiveness k will be
described in detail later.

[0131] Hereinafter, with reference to FIG. 18, the second
vector calculation processing will be described in detail. FIG.
18 is a flowchart illustrating a detailed flow of the second
vector calculation processing in step S4 shown in FIG. 16.
The second vector calculation processing is executed as fol-
lows. First in step S11, a length L1 regarding X' and Y'
components of the acceleration data V2a detected by the
acceleration sensor 37 is calculated. When the acceleration
vector V2a is (ax, ay, az), the length L1 is calculated in
accordance with the following expression.

Ll=(ax’+ay?)V?

[0132] Nextinstep S12, the preliminary vector vh (see FIG.
17) is calculated. The preliminary vector vh can be calculated
from the acceleration vector V2a. The CPU 10 refers to the
acceleration data 522 stored on the main memory 13 to cal-
culate components (hx, hy) of the preliminary vector vh in
accordance with the following expressions.

hx=-ay/L1

hy=-ax/L1

[0133] In the above expressions, ax is a value of the X'
component of the acceleration vector V2a, and ay is a value of
the Y' component of the acceleration vector V2a. The reason
why -ay is used for calculating hx and —ax is used for calcu-
lating hy in the above expressions is that coordinate set con-
version from the coordinate system of the acceleration vector
(X'-Y'-Z' coordinate system) into the coordinate system of the
first vector (x-y coordinate system) is to be performed. The
reason why —ay and -ax are each divided by the length L1 is
that the length of the preliminary vector vh is to be 1.

[0134] By a series of processing in steps S13 through S17,
a first variable d1 is calculated based on the length L1. In the
series of processing, the first variable d1 is calculated such
that the value of the first variable d1 is greater within the range
of' 0=d1x<1 as the length L1 is closer to 1. First in step S13, it
is determined whether or not the length L1 is less than 1.
When it is determined in step S13 that the length L1 is equal
to or greater than 1, processing in step S14 is executed. When
it is determined in step S13 that the length L1 is less than 1,
processing in step S15 is executed.

[0135] In step S14, it is determined whether or not the
length 1 is less than 2. When it is determined in step S14 that
the length 1 is less than 2, processing in step S16 is executed.
When it is determined in step S14 that the length L1 is equal
to or greater than 2, processing in step S17 is executed.
[0136] In step S15, the value of the length L1 is set as the
value of the first variable d1. In step S16, the first variable d1
is calculated in accordance with the following expression.

d1=2-L1

[0137] Instep S17, the value of the length L1 is set to “0”.
As shown insteps S15 through S17, the first variable d1 rep-
resents a closeness of the length L1 to 1. The first variable is
represented within the range of 0=d1<1. Therefore, when the
length .1 is equal to or greater than 2, the value of the first
variable d1 is set to 0. After step S15, S16 or S17, processing
in step S18 is executed.

[0138] Instep S18, an effectiveness ks calculated based on
the first variable d1. As described above, the effectiveness k is
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a variable representing a degree at which the direction of the
previous second vector V24' is made closer to the direction of
the preliminary vector vh for calculating a second vector V25b.
Specifically, the CPU 10 calculates the effectiveness k in
accordance with the following expression.

k=d1%x4

[0139] In the above expression, A (>0) is a constant prede-
termined in the inclination calculation program 511. Data
representing constant A is stored on the main memory 13 in
advance. As can be appreciated from the above expression,
the effectiveness k is greater in the range of O<k=1 as the value
of' the first variable d1 is greater.

[0140] Nextin step S19, a second vector V24 is calculated.
In this embodiment, the second vector V25 is calculated using
the preliminary vector vh, the previous second vector V24',
and the effectiveness k. Specifically, the CPU 10 first calcu-
lates a vector (ahx', ahy') in accordance with the following
expressions.

ahx'(hx-bhx)xk+bhx

ahy'=(hy-bhy)xk+bhy

[0141] In the above expressions, the preliminary vector vh
is (hx, hy) and the previous second vector V24' is (bhx, bhy).
The vector (ahx', ahy') calculated by the above expressions is
directed in the same direction as the second vector V2b. Next,
the CPU 10 corrects the above-calculated vector into a unit
vector in accordance with the following expressions, thus to
calculate the second vector V24 (=(ahx, ahy)).

ahx=ahx'/((ahx2+ahy?)V?)

ahy=ahy'/((ahx2+ahy?)V?)

[0142] The second vector V2b is calculated by the above
expressions. The CPU 10 stores data representing the calcu-
lated second vector on the main memory 13 as the updated
second data 533. After step S19, the CPU 10 terminates the
second vector calculation processing.

[0143] In this embodiment, the second vector is calculated
using the acceleration vector detected by the acceleration
sensor 37 and the previous second vector. In other embodi-
ments, the second vector may be calculated by any method
using the acceleration vector. For example, the second vector
may be calculated using only the acceleration vector. Specifi-
cally, a vector obtained by performing the above-described
coordinate set conversion on the acceleration vector, i.e., the
preliminary vector, may be used as the second vector.
[0144] Returning to FIG. 16, in step S5, output vector cal-
culation processing is executed. The output vector calculation
processing is executed for calculating an output vector using
the first vector and the second vector. Hereinafter, with ref-
erence to FIG. 19, the output vector calculation processing
will be described in detail.

[0145] FIG. 19 is a flowchart illustrating a detailed flow of
the output vector calculation processing in step S5 shown in
FIG. 16. The output vector calculation processing is executed
as follows. First in step S21, the CPU 10 determines whether
or not calculation of the first vector was successful in step S3.
The determination in step S21 can be performed by referring
to the first vector data 531 stored on the main memory 13.
When the first vector data 531 represents a vector value, it is
determined that the calculation of the first vector was suc-
cessful. When the first vector data 531 represents that it was
impossible to calculate the first vector, it is determined that



US 2013/0262022 Al

the calculation of the first vector was not successful. When it
is determined in step S21 that the calculation of the first vector
was successful, processing in steps S23 through S28 is
executed. By the processing in steps S23 through S28, an
output vector is calculated based on the first vector. When it is
determined in step S21 that the calculation of the first vector
was not successful, processing in step S22 is executed. In step
S22, an output vector is calculated using the second vector
without using the first vector.

[0146] In step S22, the second vector is determined as the
output vector. Namely, the CPU 10 updates the content of the
output vector data 536 stored on the main memory 13 into the
same content as the second vector data 533 and stores the
updated content as the output vector data 536. In this embodi-
ment, when the calculation of the first vector was not success-
ful, the second method is selected so that an output vector is
calculated using the second vector without using the first
vector. After step S22, the CPU 10 terminates the output
vector calculation processing.

[0147] Inthis embodiment, the second vector is used as the
output vector. In step S22, any method capable of calculating
an output vector using the second vector without using the
first vector may be used. For example, as in the second
embodiment described later, an output vector may be calcu-
lated using the second vector and the previous output vector.
[0148] Instep S23, the CPU 10 calculates a change amount
of the direction of the acceleration vector. Specifically, the
CPU 10 refers to the acceleration data 522 and the previous
acceleration data 534 stored on the main memory 13 to cal-
culate a change amount from the direction of the acceleration
detected previously to the direction of the acceleration
detected currently. The change amount can be calculated as a
magnitude of an angle made by the previous acceleration
vector and the current acceleration vector. Data representing
the calculated change amount is stored on the main memory
13 as the change amount data 535.

[0149] Nextinstep S24, the CPU 10 determines whether or
not the change amount calculated in step S23 is equal to or
less than a predetermined value. The predetermined value is
determined in advance in the inclination calculation program
511. The determination in step S24 is executed in order to
determine whether or not the acceleration detected by the
acceleration sensor 37 accurately corresponds to the actual
inclination of the controller 7. When it is determined in step
S24 that the change amount is equal to or less than the pre-
determined value, processing in steps S25 through S27 is
executed. When it is determined in step S24 that the change
amount is greater than the predetermined value, the process-
ing in steps S25 through S27 is skipped and processing in step
S28 is executed.

[0150] As described above, in this embodiment, when it is
determined that the detected acceleration accurately corre-
sponds to the actual inclination of the controller 7 (when the
acceleration vector is reliable), the processing in steps S25
through S27 described below is executed. Thus, the first vec-
tor is corrected in accordance with the comparison result of
the first vector and the second vector. If the processing in steps
S25 through S27 is executed when the acceleration vector
does not accurately correspond to the actual inclination of the
controller 7, the correction performed in steps S25 through
S27 is not accurate because the second vector calculated from
the acceleration vector is not accurate. In this embodiment, it
is determined by steps S23 and S24 whether or not the accel-
eration vector is reliable, and the processing in steps S25
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through S27 is executed only when the acceleration vector is
reliable. By such processing, the first vector is not corrected
using the second vector when the acceleration vector is inac-
curate. As a result, the first vector can be accurately calcu-
lated, and thus the output vector can be accurately calculated.
[0151] In steps S25 through S27, the first vector and the
second vector are compared with each other. In accordance
with the comparison result, the first vector is corrected. Spe-
cifically, the first vector is corrected in accordance with
whether or not the directions of the first vector and the second
vector are opposite to each other. First in step S25, an inner
product of the first vector and the second vector is calculated.
Next in step S26, it is determined whether or not the inner
product calculated in step S25 is a negative value. The deter-
mination in step S26 is executed in order to determine
whether or not the angle made by the first vector and the
second vector is in the range of 90° to 270° and thus to
determine whether or not the directions of the first vector and
the second vector are opposite to each other. In this embodi-
ment, when the angle made by the first vector and the second
vector is in the range of 90° to 270°, it is determined that the
directions of the first vector and the second vector are oppo-
site to each other. In other embodiments, it may be determined
that the directions of the first vector and the second vector are
opposite to each other when the angle made by the first vector
and the second vector is in the range of, for example, 135° to
225°.

[0152] When it is determined in step S26 that the inner
product is a negative value, processing in step S27 is
executed. In step S27, the first vector is corrected so as to be
directed oppositely. The CPU 10 stores data representing the
post-correction first vector on the main memory 13 as the first
vector data 531. After step S27, processing in step S28 is
executed. When it is determined in step S26 that the inner
productis equal to or greater than 0, the processing in step S27
is skipped and the processing in step S28 is executed.
[0153] In step S28, the first vector is determined as the
output vector. Namely, the CPU 10 updates the content of the
output vector data 536 stored on the main memory 13 into the
same content as the first vector data 531 and stores the
updated content as the output vector data 536. In this embodi-
ment, when the first vector was successfully calculated, the
first second vector is selected so that an output vector is
calculated using the first vector. After step S28, the CPU 10
terminates the output vector calculation processing. By the
output vector calculation processing, an inclination of the
controller 7 is calculated.

[0154] Returningto FIG. 16, in step S6, game processing in
accordance with the inclination of the controller 7 calculated
in step S5 is executed. Specifically, the output vector data 536
stored on the main memory 13 is transferred (output) to the
program for executing the game processing, and the game
processing is executed in accordance with the program. The
game processing is, for example, processing of moving a
player character appearing in the game space in accordance
with the inclination.

[0155] Nextinstep S7, a game image reflecting the result of
the game processing executed in step S6 is generated and
displayed on the monitor 2. Next in step S8, the CPU 10
determines whether or not to terminate the game. The deter-
mination in step S8 is made in accordance with, for example,
whether or not the player has cleared the game, or when a time
limit is provided for the game, whether or not the time has
passed. When the result of determination in step S8 is nega-
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tive, the processing returns to step S2 and the processing loop
in steps S2 through S8 is repeated until it is determined that
the game is to be terminated. When the result of determination
in step S8 is positive, the CPU 10 terminates the game pro-
cessing shown in FIG. 16. So far, the game processing has
been described.

[0156] In the game processing shown in FIG. 16, after the
second vector is calculated (step S4), it is determined whether
or not the first vector was successfully calculated (step S21).
In other embodiments, it is first determined whether or not the
first vector was successfully calculated, and only when the
first vector was not successfully calculated, the second vector
may be calculated. Specifically, this may be performed as
follows. After step S3 shown in FI1G. 16, the processing in step
S5 is executed. In step S22 in step S5, the second vector is
calculated in the same manner as in step S4. With this method,
the processing of calculating the second vector can be omitted
when the second vector is not used for calculating the output
vector. Therefore, the processing can be simplified, and the
load on the game apparatus 3 can be alleviated.

[0157] As described above, in this embodiment, a final
inclination of the controller 7 is calculated using two types of
inclinations obtained by a method using the acceleration sen-
sor 37 (the first method mentioned above) and by a method
using the imaging means (the second method mentioned
above). Thus, the advantages of the first and the second meth-
ods are utilized while the disadvantages thereof are compen-
sated for. Therefore, the inclination of the controller 7 can be
calculated accurately and constantly.

[0158] Inthe above embodiment, the change amount of the
direction of the acceleration vector is calculated in step S23 in
order to determine whether or not the acceleration vector is
reliable. In other embodiments, the magnitude of the accel-
eration vector may be used instead of the change of the
direction of the acceleration vector. In this case, in step S24,
the CPU 10 determines whether or not a difference between
the magnitude of the acceleration vector and the magnitude of
the acceleration of gravity is equal to or less than a predeter-
mined value. The acceleration vector is not reliable when, for
example, the controller 7 is being violently moved or
vibrated. In these cases, the magnitude of the acceleration
vector is farther from 1, which is the magnitude of the accel-
eration of gravity. Thus, by executing the processing in steps
S25 through S27 only when the difference between the mag-
nitude of the acceleration vector and the magnitude of the
acceleration of gravity is equal to or less than the predeter-
mined value, substantially the same effect as in the above
embodiment is provided. In other embodiments, in step S23,
the change amount of the value of the acceleration vector may
be used. In this case, the reliability of the acceleration vector
is determined in accordance with whether or not the change
amount of the value of the acceleration vector is equal to or
less than a predetermined value. Thus, a change of the direc-
tion of the acceleration vector and a change of the magnitude
of the acceleration vector can both be reflected on the deter-
mination on the reliability.

[0159] Inthe first embodiment, the processing in steps S23
through S27 is executed frame by frame. In other embodi-
ments, the processing in steps S25 through S27 may be
executed once every several frames. Alternatively, the pro-
cessing in steps S25 through S27 may be executed frame by
frame (or once every several frames) without executing the
processing in steps S23 and S24. In still other embodiments,
the processing in steps S25 through S27 may be executed only
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immediately after the change amount is greater than prede-
termined value. Specifically, only when the determination
result in step S24 is negative in the previous frame and posi-
tive in the current frame, the processing in steps S25 through
S27 may be executed.

Second Embodiment

[0160] Next, a game system including a game apparatus as
an example of an inclination calculation apparatus according
to the second embodiment of the present invention will be
described. The hardware structure of the game system
according to the second embodiment is substantially the same
as the game system 1 according to the first embodiment. In the
second embodiment, the contents of the output vector calcu-
lation processing are different from those of the first embodi-
ment. Hereinafter, the second embodiment will be described
mainly regarding the differences thereof from the first
embodiment.

[0161] FIG. 20 is a flowchart illustrating a detailed flow of
the output vector calculation processing executed in the sec-
ond embodiment. Except for the output vector calculation
processing, the game processing in the second embodiment is
substantially the same as that in the first embodiment.

[0162] The output vector calculation processing in the sec-
ond embodiment is executed as follows. First in step S31, it is
determined whether or not the calculation state of the first
vector has been changed. As described above, the expression
that “the calculation state of the first vector is changed” means
that the first vector was calculated previously but is not cal-
culated currently, or the first vector was not calculated previ-
ously but is calculated currently. The determination in step
S31 is made by referring to the first vector data 531 and the
previous first vector data 532 stored on the main memory 13.
Specifically, when the first vector data 531 represents that the
first vector was not successfully calculated and the previous
vector data 532 represents a vector value, or when the first
vector data 531 represents a vector value and the previous
vector data 532 represents that the first vector was not suc-
cessfully calculated, the CPU 10 determines that the calcula-
tion state of the first vector has been changed. When it is
determined in step S31 that the calculation state of the first
vector has been changed, processing in step S32 is executed.
When it is determined in step S31 that the calculation state of
the first vector has not been changed, the processing in step
S32 is skipped and processing in step S33 is executed.

[0163] Instep S32,thecountervalueis setto 0. Specifically,
the CPU 10 updates the content of the counter value data 538
stored on the main memory 13 so as to represent “0” and
stores the updated content as the counter value data 538. After
step S32, the processing in step S33 is executed.

[0164] In step S33, it is determined whether or not the
counter value is equal to or less than a predetermined value.
The counter value which was set to 0 in step S32 is incre-
mented by one in each frame until exceeding the predeter-
mined value. Therefore, the counter value represents the time
after the calculation state of the first vector was changed (time
in units of frame). The processing in step S32 is executed in
order to start counting the time after the calculation state of
the first vector was changed. The processing in step S33 is
executed in order to determined whether or not the time has
exceeded the predetermined period. When it is determined in
step S33 that the counter value is equal to or less than the
predetermined value, processing in steps S34 through S37 is
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executed. When it is determined in step S33 that the counter
value is greater than the predetermined value, processing in
step S38 is executed.

[0165] In step S34, a reflection degree is determined in
accordance with the magnitude ofthe counter value. The CPU
10 refers to the counter value data 538 stored on the main
memory 13 to specify the magnitude of the counter value. The
reflection degree is determined so as to be greater in the range
of 0(%) to 100(%) as the magnitude of the counter value is
greater. Data representing the determined reflection degree is
stored on the main memory 13 as the reflection degree data
539.

[0166] Nextin step S35, the CPU 10 synthesizes the previ-
ous output vector and a target vector in accordance with the
reflection degree. The previous output vector is the output
vector calculated in the previous frame, which is represented
by the previous output vector data 537 stored on the main
memory 13. The target vector is a vector as a target of syn-
thesis. Specifically, when the first vector is calculated, the
target vector is the first vector. When the first vector is not
calculated, the target vector is the second vector. In other
embodiments, when the first vector is the target vector, the
first vector may be corrected as in the first embodiment.
Namely, the first vector obtained as a result of the processing
in steps S23 through S27 may be set as the target vector.
[0167] The specific processing in step S35 is substantially
the same as the processing in step S18, except that the pre-
liminary vector in step S18 is replaced with the previous
output vector, the previous second vector in step S18 is
replaced with the target vector, and the effectiveness in step
S18 is replaced with the reflection degree. A vector obtained
by the synthesis is calculated such that the direction thereof'is
closer to the direction of the previous output vector as the
reflection degree is greater and is closer to the target vector as
the reflection degree is smaller. When the reflection degree is
100%, the vector obtained by the synthesis has the same
direction as the previous output vector. When the reflection
degree is 0%, the vector obtained by the synthesis has the
same direction as the target vector.

[0168] Next in step S36, the vector obtained in step S35 is
determined as the output vector. Specifically, the CPU 10
updates the content of the output vector data 536 stored on the
main memory 13 into the content of data on the vector
obtained in step S35, and stores the updated content as the
output vector data 536.

[0169] Next in step S37, the counter value is incremented
by 1. Specifically, the CPU 10 updates the content of the
counter value data 538 stored on the main memory 13 so as to
be increased by 1, and stores the updated content as the
counter value data 538. After step S37, the CPU 10 terminates
the output vector calculation processing shown in FIG. 20.
[0170] In step S38, substantially the same processing as
that in steps S21 through S28 shown in FIG. 19 is executed. In
the second embodiment, when the counter value is greater
than the predetermined value, the output vector is calculated
by the same method as in the first embodiment.

[0171] As described above, in the second embodiment, the
game apparatus 3 starts counting the time when the calcula-
tion state of the first vector is changed (step S32). Until the
time exceeds a predetermined period, a vector obtained by
reflecting the previous output vector is set as the output vector
(steps S34 through S36), instead of setting the target vector as
the output vector. The output vector is calculated using the
previous output vector in order to prevent the direction of the
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output vector from being drastically changed immediately
after the calculation state of the first vector is changed. This
will be described in more detail. The first vector and the
second vector calculated in one frame do not necessarily have
the same value. However, when the calculation state of the
first vector is changed, the vector used as the output vector is
changed from the first vector to the second vector, or from the
second vector to the first vector. Therefore, when the calcu-
lation state of the first vector is changed, the direction of the
output vector may be possibly changed drastically. In this
case, the content of the game processing in accordance with
the output vector is also drastically changed (for example, the
moving velocity of an object in the game space may be rapidly
changed). This may appear unnatural to the player and should
be avoided. In the second embodiment, even when the calcu-
lation state of the first vector is changed, the output vector is
calculated using the previous output vector and the target
vector in order to prevent the direction of the output vector
from changing drastically. As a result, the change from the
previous output vector to the current output vector can be
alleviated, and the game processing is prevented from appear-
ing unnatural to the player.

[0172] Inother embodiments, in step S38, the output vector
calculation processing (FIG. 21) in the third embodiment
described below may be executed.

Third Embodiment

[0173] Next, a game system including a game apparatus as
an example of an inclination calculation apparatus according
to the third embodiment of the present invention will be
described. The hardware structure of the game system
according to the third embodiment is substantially the same
as the game system 1 according to the first embodiment. In the
third embodiment, the contents of the output vector calcula-
tion processing are different from those of the first embodi-
ment. Hereinafter, the third embodiment will be described
mainly regarding the differences thereof from the first
embodiment.

[0174] FIG. 21 is a flowchart illustrating a detailed flow of
the output vector calculation processing executed in the third
embodiment. Except for the output vector calculation pro-
cessing, the game processing in the third embodiment is
substantially the same as that in the first embodiment. In FIG.
21, identical processing as that in FIG. 19 will bear the same
step number and detailed description thereof will be omitted.
[0175] The output vector calculation processing in the third
embodiment is executed as follows. First in step S41, a hori-
zontal degree is calculated. Specifically, the horizontal degree
is calculated based on a length L. of the X' component and the
Y' component of the acceleration vector detected by the accel-
eration sensor 37. When the acceleration vector V2a is (ax, ay,
az), the length L is calculated in accordance with the follow-
ing expression.

L=(ax’+ay*)"?

[0176] When the controller 7 isina horizontal direction and
still, the length L is the magnitude of the acceleration of
gravity, i.e., “1”. Therefore, the horizontal degree is calcu-
lated so as to be greater as the length L is closer to 1. For

example, the horizontal degree S is calculated in accordance
with the following expressions.

S=L(when L=1)

S=2-L(when 1=L=2)
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S=0(when L>2)

[0177] The CPU 10 stores data representing the calculated
horizontal degree S on the main memory 13 as the horizontal
degree data 540.

[0178] Nextin step S42, it is determined whether or not the
horizontal degree S calculated in step S41 is greater than a
predetermined value. The processing in step S42 is executed
in order to determine whether or not the controller 7 is in a
direction close to the horizontal direction. The state in which
the controller 7 is in a horizontal direction is a state in which
the negative Y'-axis direction of the controller 7 (FIG. 7)
matches the direction ofthe acceleration of gravity. When it is
determined in step S42 that the horizontal degree S is greater
than the predetermined value, the processing in steps S23
through S28 is executed as in the first embodiment. Namely,
an output vector is calculated using the first vector. When it is
determined in step S42 that the horizontal degree S is equal to
or less than the predetermined value, the processing in step
S22 is executed as in the first embodiment. Namely, an output
vector is calculated using the second vector.

[0179] As described above, in the third embodiment, it is
determined whether to calculate the output vector by the first
method or by the second method in accordance with whether
or not the controller 7 is in a horizontal direction (a direction
close to the horizontal direction). In this embodiment, it is
preconditioned that the controller 7 is operated, as shown in
FIG. 9, in an area in front of the display screen of the monitor
2 or in the vicinity thereof. Accordingly, in the state where the
controller 7 is in a substantially horizontal direction, the
controller 7 is in the detectable range. However, in the state
where the controller 7 is directed upward or downward, the
controller 7 is assumed not to be in the detectable range. In
this case, the images of the markers 8a and 85 are not taken.
Therefore, the first vector cannot be calculated by the first
method using the taken image. Even if the first vector is
calculated, the calculated first vector is considered to be inac-
curate. The reason is that when the controller 7 is directed
upward, sunlight or light from a fluorescent lamp in the room,
for example, is assumed to be incorrectly recognized as the
light from the markers. Therefore, in the third embodiment,
when the controller 7 is determined not to be in a horizontal
direction (“No” in step S42), the output vector is calculated
by the second method. Thus, an inaccurate output vector can
be prevented from being calculated as a result of the imaging
means incorrectly recognizing something else as the light
from the markers.

[0180] In other embodiments, both the determination in
step S21 in the first embodiment and the determination in step
S42 in the third embodiment may be executed. In this case, the
game apparatus 3 may calculate the first vector by the first
method when the determination results of both of steps S21
and S42 are positive. The game apparatus 3 may calculate the
first vector by the second method when the determination
result of at least one of steps S21 and S42 is negative.
[0181] In the third embodiment, the horizontal degree is
calculated based on the magnitude of the acceleration in two
axial directions (X'-axis and Y'-axis directions) which are not
parallel to the imaging direction of the imaging means. In
other embodiments, the horizontal degree may be calculated
based on the magnitude of the acceleration of one axial com-
ponent (Z' component) which is parallel to the imaging direc-
tion of the imaging means. The length of the Z' component of
the acceleration vector is smaller (closer to 0) as the controller
7 is in a direction closer to the horizontal direction. Therefore,
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the game apparatus 3 calculates the horizontal degree so as to
be greater as the length of the Z' component of the accelera-
tion vector is smaller. In the case where the horizontal degree
is calculated using the X' component and the Y' component of
the acceleration vector as in the third embodiment, the accel-
eration sensor 37 only needs to detect an acceleration in only
two axial directions (X'-axis and Y'-axis directions). This is
advantageous in simplifying the structure of the acceleration
sensor 37. In the case where the horizontal degree is calcu-
lated using the Z' component, there is an advantage that the
horizontal degree is calculated more easily.

[0182] The present invention is usable for, for example, a
game apparatus or a game program for performing highly
precise detection of an inclination of an input device to be
used as an operation input while utilizing the advantages of
detecting the inclination from an acceleration.

[0183] While the invention has been described in detail, the
foregoing description is in all aspects illustrative and not
restrictive. It is understood that numerous other modifications
and variations can be devised without departing from the
scope of the invention.

1-44. (canceled)

45. A non-transitory computer-readable storage medium
having stored thereon a program executable by a computer of
an apparatus for computing an aspect of orientation of a
hand-held game input device and using a computed orienta-
tion aspect as an operation input for a game, wherein the input
device includes an inertial sensor for acquiring inertial infor-
mation and an imaging element for acquiring an image of one
or more specific imaging targets, the program comprising
instructions causing the computer to:

compute first orientation information representing a first

orientation aspect of the input device from two imaging
targets imaged by the imaging element;
compute second orientation information representing a
second orientation aspect of the input device based upon
an inertial parameter sensed by the inertial sensor; and

compute an aspect of an orientation of the input device
based on both the first orientation information and the
second orientation information.

46. The medium of claim 45 wherein the inertial sensor
comprises an accelerometer and the inertial parameter com-
prises acceleration.

47. A system for determining an aspect of orientation of a
hand-held input device for a computer apparatus, wherein the
input device includes an inertial sensor for detecting an ori-
entation and an imaging element for acquiring an image of
one or more specific imaging targets, the system comprising:

a computer apparatus comprising one or more processor,

the computer apparatus configured to at least:

compute first orientation information representing a first

orientation aspect of the input device derived based upon
coordinate position data of two imaging targets in an
image acquired by the imaging element;

compute second orientation information representing a

second orientation aspect of the input device based upon
an inertial parameter detected by the inertial sensor; and
compute an aspect of an orientation for the input device
based on both the first orientation information and the
second orientation information considered together.

48. A wireless hand-held user interface device to a com-

puter apparatus, comprising:
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an inertial sensor for acquiring inertial parameter data;

an imaging element for acquiring an image of one or more
specific imaging targets;

an image processing circuit configured to determine a posi-
tion coordinate set representing a position of an area
within an acquired image matching a predetermined
condition for detecting a candidate target image on an
area-by-area basis, the predetermined condition being
that the area has a brightness having a predetermined
intensity value or higher and has a size within a prede-
termined range; and

a processor that encodes inertial parameter information
and position coordinate set data for wireless communi-
cation, wherein encoded inertial parameter information
and position coordinate set data is wirelessly transmitted
from the hand-held user interface device to the computer
apparatus for further processing.

49. A wireless hand-held user interface device to a com-

puter apparatus, comprising:

an inertial sensor for acquiring inertial parameter informa-
tion;

an image sensor for acquiring image data regarding one or
more prospective imaging targets;

an image processing circuit that assigns position coordi-
nates, relative to an imaging area of said sensor, to one or
more areas of image data that meets predetermined con-
ditions of size and either brightness or color, the prede-
termined conditions being that the area has a predeter-
mined color, or a brightness being greater than a
predetermined intensity, and has a size within a prede-
termined range; and

a processor that acquires and processes inertial parameter
information from the inertial sensor and assigned posi-
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tion coordinate data from the image processing circuit,
and which controls wireless communication of at least
the inertial parameter information and position coordi-
nate data from the hand-held user interface device to the
computer apparatus for further processing.

50. A computer implemented method, using one or more
computer processor devices, for calculating an aspect of ori-
entation of a hand-held user interface device, wherein the user
interface device includes an inertial sensor for acquiring iner-
tial parameter data, an imaging element for acquiring an
image of one or more imaging targets, and an image process-
ing circuit that generates relative position coordinate values
associated with predetermined points in an imaging target
acquired by the imaging element that meet predetermined
image characteristics, the method comprising:

computing, using said one or more processor, first vector
information based upon generated position coordinate
values associated with predetermined points in an imag-
ing target acquired by the imaging element;

computing, using said one or more processor, second vec-
tor information based upon inertial parameter data
acquired by the inertial sensor; and

computing, using said one or more processor, output vector
information indicative of an aspect of orientation of the
hand-held user interface device, wherein, based upon
characteristics of the first vector information and the
second vector information, the output vector informa-
tion is computed using either the first vector information
alone or computed using the second vector information
considered together with the first vector information.
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