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Description

[0001] The present invention relates to a storage me-
dium storing sound output program, a sound output ap-
paratus and a sound output control method. More spe-
cifically, the present invention relates to a storage medi-
um storing sound output program, a sound output appa-
ratus and a sound output method, which output a sound
of a musical instrument in accordance with a swinging
motion of an operating means including an acceleration
sensor.
[0002] One of the examples of this kind of related arts
is disclosed in Japanese Patent Laying-open No.
63-132295 [G10H 1/00, 1/053] laid-open on June 4,
1988. According to Japanese Patent Laying-open No.
63-132295, three acceleration sensors are attached to
one end part of a drumstick, and acceleration in three
directions of X, Y, Z is detected. In addition, sounds of
different musical instruments are assigned correspond-
ing to each direction. Accordingly, by detecting a swing-
ing motion from an output of the acceleration sensor, the
sound of the corresponding instrument can be outputted.
[0003] A similar example is disclosed in
US2003/0066413A1, teaching a percussion instrument
responsive to sensed acceleration peaks to select and
trigger different tones in accordance with swinging mo-
tion direction.
[0004] Also, another example of the related art is dis-
closed in Japanese Patent Laying-open No. 63-192096
[G10H 1/00, 1/053] laid-open on August 9, 1988. Accord-
ing to Japanese Patent Laying-open No. 63-192096, an
angle detection means is incorporated into a grip part of
a stick. Based on an on/off state of a plurality of mercury
switches constituting the angle detection means, an an-
gle formed by the angle detection means with respect to
the ground, specifically, a swing-up angle of the stick is
detected, and pitch data corresponding to a detection
result thus obtained is outputted to a musical sound signal
generating circuit.
[0005] However, a technique recited in Japanese Pat-
ent Laying-open No. 63-132295 involves a problem that
only one tone can be outputted in one swing direction
and therefore a swinging attitude of a swinging instru-
ment such as a stick is not associated with the output of
the tone. This unfavorably invites a monotonous swing.
[0006] Further, the technique recited in Japanese Pat-
ent Laying-open No. 63-192096 involves a problem that
the swing-up angle of the stick (tilt of the stick) is detected
by the mercury switches. This can not be a practical tech-
nique, when a danger caused by using mercury and a
cost incurred therein are taken into consideration.
[0007] Therefore, it is a primary object of the present
invention to provide a novel storage medium storing
sound output program, sound output apparatus and
sound output control method.
[0008] Another object of the present invention is to pro-
vide a storage medium storing sound output program, a
sound output apparatus and a sound output control meth-

od capable of enjoying a sound outputted in accordance
with a swinging motion by a user.
[0009] For resolution of the above mentioned prob-
lems, the present invention employs such a structure de-
scribed below. The reference numerals and supplemen-
tary explanations, etc. in parentheses here indicate
merely one example of correspondence with the embod-
iments described later for aid of understanding of the
present invention, and imposes no limitations on the
present invention.
[0010] A storage medium storing sound output pro-
gram according to this invention stores the sound output
program of a sound output apparatus comprising an op-
erating means including an acceleration sensor. The
sound output program causes a processor of a sound
output apparatus to function as a swinging motion detec-
tion means, a swinging motion end determination means,
a posture detection means, and a sound output means.
The swinging motion detection means detects a swinging
motion of the operating means based on an output of the
acceleration sensor. The motion end determination
means determines whether or not the swinging motion
is ended based on the output of the acceleration sensor
after the swinging motion is detected by the swinging
motion detection means. The posture detection means
detects a posture of the operating means based on the
output of the acceleration sensor when the swinging mo-
tion end determination means determines that the swing-
ing motion is ended. The sound output means outputs a
sound based on tone data stored in storage means in
accordance with a detection result of the posture detec-
tion means.
[0011] Specifically, the sound output program is incor-
porated into a sound output apparatus (12) comprising
an operating means (22) including an acceleration sen-
sor (74). The sound output program causes a processor
(36) of a sound output apparatus to function as a swinging
motion detection means (36, S23, S43, S61, S63, S65,
S67, S69, S95, S99), a swinging motion end determina-
tion means (36, S27, S47, S69, S105), and a posture
detection means (36, S71), and a sound output means
(36, S29, S49, S73, S75, S109, S111). The swinging
motion detection means detects the swinging motion of
the operating means based on the output of the acceler-
ation sensor. For example, the swinging motion in a lat-
eral direction (right and left) or the swinging motion in a
vertical direction (upper and lower) is detected. The mo-
tion end determination means determines whether or not
the swinging motion is ended based on the output of the
acceleration sensor, after the swinging motion is detect-
ed by the swinging motion detection means. For exam-
ple, variation of the output from the acceleration sensor
is detected, and when the direction of the variation is not
changed, the motion end determination means deter-
mines that the swinging motion is not ended. Meanwhile,
when there is no variation of the output of the acceleration
sensor, namely, when the output of the acceleration sen-
sor shows a fixed value or almost the fixed value, the
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motion end determination means determines that the
swinging motion is ended. The posture detection means
detects the posture of the operating means based on the
output of the acceleration sensor when the swinging mo-
tion end determination means determines that the swing-
ing motion is ended. For example, a position (height) of
the operating means during swinging motion is detected.
The sound output means outputs the sound based on
tone data stored in the storage means in accordance with
a detection result of the posture detection means. For
example, the sound in accordance with the position of
the operating means is outputted.
[0012] According to the present invention, since the
sound is outputted in accordance with a swinging motion
of the operating means, a user can enjoy the sound out-
putted in accordance with the swinging motion by the
user. In addition, since the sound is outputted in accord-
ance with a swinging attitude of the operating means, a
user can experience a sense as if he/she plays an actual
musical instrument.
[0013] According to an embodiment of the present in-
vention, the acceleration sensor serves as a multiaxial
acceleration sensor, and the processor further causes
the sound output program to function as a direction de-
termination means for determining a direction of the
swinging motion based on the acceleration in directions
of two axes of the multiaxial acceleration sensor. More-
over, the posture detection means includes a vertical di-
rectional inclination detection means for detecting an in-
clination formed by the operating means and a horizontal
surface in a vertical direction based on the acceleration
in a direction of the axis perpendicularly crossing the two
axes, when the determination result of the direction de-
termination means shows the vertical direction, and the
sound output means reads from the storage means the
tone data corresponding to the position in the vertical
direction, in accordance with the inclination thus detected
by the vertical directional inclination detection means,
the acceleration sensor specifically serves as the multi-
axial acceleration sensor. The sound output program
causes the processor of the sound output apparatus to
further function as a direction determination means (36,
S21, S23, S25, S41, S43, S45, S61, S63, S65, S67, S69).
The direction determination means determines the direc-
tion of the swinging motion based on the acceleration in
directions of the two axes (x-axis and y-axis of 22) of the
multiaxial acceleration sensor. The vertical directional in-
clination detection means (36, S71) detects the inclina-
tion in the vertical direction formed by the operating
means and the horizontal surface based on the acceler-
ation in the direction of the axis (z-axis) perpendicularly
crossing the two axes (x-axis and y-axis), when the de-
termination result of the direction determination means
shows a vertical direction ("YES" in S69). The sound out-
put means reads from the storage means the tone data
corresponding to the position in the vertical direction in
accordance with the inclination detected by the vertical
directional inclination detection means. For example,

when the operating means swings in the vertical direc-
tion, the position of the operating means in the vertical
direction (height) is determined in accordance with the
inclination of the operating means in a state of end of
swinging, and the sound of the tone in accordance with
the height is outputted. Namely, when the operating
means swings in the vertical direction, it is possible to
output the sound in accordance with the position of its
end of swinging.
[0014] According to another embodiment of the
present invention, when the determination result of the
direction determination means shows a right direction,
the sound output means reads from the storage means
the tone data in accordance with the right direction.
Meanwhile, when the determination result of the direction
determination means shows a left direction, the sound
output means reads from the storage means the tone
data in accordance with the left direction. Specifically,
when the determination result of the direction determi-
nation means shows the right direction, the sound output
means reads from the storage means the tone data in
accordance with the right direction. Meanwhile, when the
determination result of the direction determination means
shows the left direction, the sound output means reads
from the storage means the tone data in accordance with
the left direction. Namely, by the sound output means,
the sound in accordance with the swinging motion in the
right direction or the swinging motion in the left direction
is outputted. In this case, the posture of the end of swing-
ing is of no relevance. Therefore, the processing by the
posture detection means is not executed. Thus, it is pos-
sible to output the sound in accordance with the swinging
attitude of the operating means which is divided into right
and left.
[0015] According to one aspect of the present inven-
tion, the sound output apparatus further comprises a dis-
play means, and the sound output program causes the
processor to function as a guidance screen display
means for displaying a guidance screen to guide the
swinging motion on a display means, and the direction
shown by the determination result of the direction deter-
mination means corresponds to the direction in the guid-
ance screen. Specifically, the sound output program
causes the processor of the sound output apparatus to
further function as a guidance screen display means (36,
S3). The guidance screen display means displays on the
display means a guidance screen (100) for guiding the
swinging motion. The direction (vertical, right or left di-
rection) shown by the determination result of the direction
determination means corresponds to the direction in the
guidance screen. For example, the upper, lower, left and
right swinging motions correspond to the upper, lower,
left and right sides on the guidance screen. Accordingly,
for example, when an image of the musical instrument
is displayed in the upper, lower, left and right sides on
the guidance screen, a player can play a desired musical
instrument by the swinging motion of the operating
means by viewing the image of the musical instrument.
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Namely, the player can enjoy the sound in accordance
with its swinging motion.
[0016] The sound output apparatus according to the
present invention comprises the operating means includ-
ing the acceleration sensor. Also, the sound output ap-
paratus comprises the swinging motion detection means,
the swinging motion end determination means, the pos-
ture detection means, and the sound output means. The
swinging motion detection means detects the swinging
motion of the operating means based on the output of
the acceleration sensor. The swinging motion end deter-
mination means determines whether or not the swinging
motion is ended based on the output of the acceleration
sensor, after the swinging motion is detected by the
swinging motion detection means. When the swinging
motion end determination means determines that the
swinging motion is ended, the posture detection means
detects the posture of the operating means based on the
output of the acceleration sensor. The sound output
means outputs the sound based on the tone data stored
in the storage means, in accordance with the detection
result of the posture detection means.
[0017] According to the sound output apparatus of the
present invention, in the same way as the storage medi-
um storing sound output program as described above, a
user can enjoy the sound outputted in accordance with
the swinging motion by the user.
[0018] A sound output control method according to the
present invention, which is the sound output control
method of the sound output apparatus having the oper-
ating means including the acceleration sensor, compris-
es the steps of (a) detecting the swinging motion of the
operating means based on the output of the acceleration
sensor; (b) determining whether or not the swinging mo-
tion is ended based on the output of the acceleration
sensor after the swinging motion is detected by step (a);
(c) detecting the posture of the operating means based
on the output of the acceleration sensor when determi-
nation in step (b) shows that the swinging motion is end-
ed; and (d) outputting the sound based on the tone data
stored in the storage means in accordance with the de-
tection result of step (c).
[0019] According to the sound output control method
of the present invention, in the same way as the storage
medium storing sound output program as described
above, a user can enjoy the sound outputted in accord-
ance with the swinging motion by the user.
[0020] The above described objects and other objects,
features, aspects and advantages of the present inven-
tion will become more apparent from the following de-
tailed description of the present invention when taken in
conjunction with the accompanying drawings.

Figure 1 is an illustrative view showing an embodi-
ment of a game system of the present invention;
Figure 2 is a block diagram showing an electric con-
figuration of the game system shown in Figure. 1;
Figure 3 is a perspective view showing an example

of an outer appearance configuration of a controller
shown in Figure. 1;
Figure 4 is a block diagram showing the electric con-
figuration of the controller shown in Figure 3;
Figure 5 is an illustrative view showing an example
of a game screen displayed on a monitor shown in
Figure 2, and an illustrative view for explaining an
operating method of the controller;
Figure 6 is an illustrative view for explaining a swing-
ing motion of the controller in a lateral direction;
Figure 7 is an illustrative view for explaining a deter-
mination method of a swinging direction when the
controller swings in the lateral direction;
Figure 8 is an illustrative view for explaining the
swinging motion of the controller in a vertical direc-
tion;
Figure 9 is an illustrative view for explaining the de-
termination method of a swinging direction when the
controller swings in the vertical direction;
Figure 10 is a graph showing a change per time of
the acceleration in a direction of y-axis when the con-
troller swings in the vertical direction;
Figure 11 is an illustrative view showing an example
of a memory map of a main memory shown in Figure
2;
Figure 12 is an illustrative view showing an example
of the memory map of ARAM shown in Figure 2;
Figure 13 is a flowchart showing a music perform-
ance processing of a CPU shown in Figure 2;
Figure 14 is a flowchart showing a swinging direction
determination and a sound output processing for a
right direction of the CPU shown in Figure 2;
Figure 15 is a flowchart showing the swinging direc-
tion determination and the sound output processing
for a left direction of the CPU shown in Figure 2;
Figure 16 is a flowchart showing the swinging direc-
tion determination and the sound output processing
for the vertical direction of the CPU shown in Figure
2;
Figure 17 is an illustrative view for explaining an ex-
ample of an arrangement of musical instruments dis-
played on other game screen of the present invention
and its operating method;
Figure 18 is a flowchart showing a part of the swing-
ing direction determination and sound output
processing for a right direction of the CPU when the
game screen shown in Figure 17 is displayed;
Figure 19 is a flowchart showing a part of other
swinging direction determination and sound output
processing for the right direction of the CPU, when
the game screen shown in Figure 17 is displayed,
and is the flowchart that follows Figure 18; and Figure
20 is an illustrative view for explaining the example
of the arrangement of the music instruments dis-
played on the other game screen of the present in-
vention and a setting method of a threshold value in
a different scene of a game.
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[0021] Referring to Figure 1, a game system 10, which
is an embodiment of the present invention, includes a
video game apparatus 12. The video game apparatus 12
functions as a music performance apparatus (sound out-
put apparatus) by incorporating a music performance
program (game program). The video game apparatus 12
includes an approximately cubic housing 14, and an op-
tical disk drive 16 is provided on an upper end of the
housing 14. An optical disk 18, which is an example of
an information storage medium storing game program
and so forth, is loaded in the optical disk drive 16. A plu-
rality of connectors 20 (four connectors in the embodi-
ment) are provided on a front face of the housing 14.
These connectors 20 function to connect a controller 22
to the video game apparatus 12 through a reception unit
24 by cable or radio. As shown in Figure 1, in this em-
bodiment, the reception unit 24 is connected to the con-
nectors 20, and through the reception unit 24, the con-
troller 22 is connected to the video game apparatus 12
by radio. The controller 22 will be described later in detail.
[0022] It should be noted that according to this embod-
iment, radio communication is performed between the
video game apparatus 12 and the controller 22, and
therefore it is not originally preferable to use the term,
"connection". However, as the term expressing a con-
nected state capable of communicating between the vid-
eo game apparatus 12 and the controller 22, the term for
the cable communication is borrowed and the term "con-
nection" is therefore used for convenience.
[0023] Further, one or a plurality of memory slots 28
(two memory slots in this embodiment) are provided on
the front face of the housing 14 and below the connectors
20 of the video game apparatus 12. A memory card 30
is inserted into the memory slot 28. The memory card 30
is used for loading and temporarily storing the game pro-
gram and so forth read from the optical disk 18, and for
saving game data (result data or progress data of a game)
of the game played by using the game system 10.
[0024] Further, an AV cable connector (not shown) is
provided on a back face of the housing 14 of the video
game apparatus 12, and a monitor 34 is connected to
the video game apparatus 12 through an AV cable 32 by
using the connector. The monitor 34 is typically a color
television receiver and an image signal from the video
game apparatus 12 is inputted to a video input terminal
of a color television, and a voice signal is inputted to a
voice signal input terminal. Accordingly, a game image
of a three dimensional (3D) video game is displayed on
a screen of the color television (monitor) 34, and a stereo
game voice such as a game music and a sound effect,
etc. is outputted from right and left speakers 34a.
[0025] In the game system 10, when a user or a player
plays the game (or other application), first, the user turns
on a power supply of the video game apparatus 12, then,
the user selects a suitable optical disk 18 storing a video
game (or other application that the user wants to play),
and loads the optical disk 18 on the disk drive 16 of the
video game apparatus 12. In response thereto, the video

game apparatus 12 starts to perform the video game or
other application based on software stored in the optical
disk 18. The user operates the controller 22 for applying
input force on the video game apparatus 12. For example,
by operating any switch or button of input means 26, the
game or other application is started. By moving other one
of the input means 26, a moving image object (player
object) is moved in a different direction, or a visual point
(camera position) of the user in a 3D game world can be
changed.
[0026] Figure 2 is a block diagram showing an electric
configuration of the video game system 10 according to
the embodiment of Figure 1. A CPU 36 is provided in the
video game apparatus 12. The CPU 36 is in charge of
an overall control of the video game apparatus 12. The
CPU 36 functions as a game processor, and is connected
with a memory controller 38 via a bus. The memory con-
troller 38 mainly controls writing and reading of a main
memory 40 connected via the bus under the control of
the CPU 36. A GPU (Graphics Processing Unit) 42 is
connected to the memory controller 38.
[0027] The GPU 42 forms a part of a rendering means,
and for example is constituted by a single chip ASIC,
receives a graphics command (rendering command)
from the CPU 36 via the memory controller 38, and by
following the command thus received, generates a 3D
game image by a geometry unit 44 and a rendering unit
46. Namely, the geometry unit 44 performs arithmetic
processing of rotation, movement, and deformation, etc,
of each kind of object of three dimensional coordinate
system (formed of a plurality of polygons, and the polygon
refers to a polygonal plane defined by at least three ver-
texes coordinates.) The rendering unit 46 performs im-
age generation processing such as attaching a texture
(texture image) to each polygon of each kind of object,
and so forth. Accordingly, the 3D image data to be dis-
played on the game screen is generated by the GPU 42,
and the image data thus generated is stored in a frame
buffer 48.
[0028] Note that necessary data (primitive or polygon
and texture, etc) on performing the graphics command
by the GPU 42, is obtained from the main memory 40 by
the GPU 42 via the memory controller 38.
[0029] The frame buffer 48 is a memory for drawing
(accumulating) the image data of one frame of a raster
scan monitor 34, for example, and is overwritten for every
one frame by the GPU 42. Specifically, the frame buffer
48 sequentially stores chromatic information of an image
for each one pixel. Here, the chromatic information refers
to data on R, G, B, A, and for example, corresponds to
R (red) data of 8 bits, G (green) data of 8 bits, B (blue)
data of 8 bits, and A (alpha) data of 8 bits. Note that A
data is the data on a mask (mat image). The 3D image
of the game image is displayed on the screen of the mon-
itor 34 by reading the data of the frame buffer 48 via the
memory controller 38 by a video I/F58 as will be described
later.
[0030] In addition, Z buffer 50 has a storage capacity
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corresponding to the number of bits of depth data per the
number of pixels corresponding to the frame buffer 48 X
one pixel, and stores depth information or depth data (Z
value) of dots corresponding to each storage location of
the frame buffer 48.
[0031] Both of the frame buffer 48 and the Z buffer 50
may be constituted by using one portion of the main mem-
ory 40, and also these buffers may be provided inside
the GPU 42.
[0032] In addition, the memory controller 38 is connect-
ed to RAM (referred to as "ARAM" hereafter) for audio,
via a DSP (Digital Signal Processor) 52. Accordingly, the
memory controller 38 controls not only the main memory
40 but also writing and/or reading of the ARAM 54 as a
sub-memory.
[0033] The DSP 52 works as a sound processor, and
generates audio data corresponding to sound, voice or
music necessary for the game, by using sound data (not
shown) stored in the main memory 40 and by using sound
wave (tone) data (see Figure.11) written in the ARAM 54.
[0034] The memory controller 38 is further connected
to each interface (I/F) 56, 58, 60, 62, and 64 by the bus.
The controller I/F 56 is an interface for the controller 22
connected to the video game apparatus 12 via the re-
ception unit 24. Specifically, the reception unit 24 re-
ceives input information data transmitted from the con-
troller 22, and the controller I/F56 gives input information
data received by the reception unit 24, to the CPU 36 via
the memory controller 38. However, in this embodiment,
the input information data means the data including at
least one of operation data and acceleration data as will
be described later. The video I/F58 accesses the frame
buffer 48, and reads the image data generated by the
GPU 42, and applies an image signal or the image data
(digital RGBA pixel value) to the monitor 34 via the AV
cable 32 (Figure.1).
[0035] An external memory I/F60 connects the mem-
ory card 30 (Figure.1) inserted into the front face of the
video game apparatus 12 to the memory controller 38.
Whereby, the CPU 36 can write the data into the memory
card 30 via the memory controller 38, or can read out the
data from the memory card 30. An audio I/F62 receives
audio data given from the DSP 52 through the memory
controller 38 or audio stream read from the optical disk
18, and gives an audio signal (sound signal) correspond-
ing thereto to a speaker 34a of the monitor 34.
[0036] Further, a disk I/F64 connects the disk drive 16
to the memory controller 38, and therefore the CPU 36
controls the disk drive 16. By this disk drive 16, program
data and texture data, etc, read out from the optical disk
18 are written into the main memory 40 under the control
of the CPU 36.
[0037] Figure 3(A) and Figure 3(B) are perspective
views showing an external appearance configuration of
the controller 22. Referring to Figure 3(A) and Figure
3(B), the controller 22 has a housing 22a formed by plas-
tic molding, for example. The housing 22a is formed into
an approximately rectangular parallelepiped shape, hav-

ing a size small enough to be held by one hand of a user.
As described above, the input means (a plurality of but-
tons or switches) 26 are provided in the housing 22a (con-
troller 22). Specifically, as shown in Figure 3(A), on an
upper face of the housing 22a (controller 22), there are
provided a cross key 26a, X-button 26b, Y-button 26c,
A-button 26d, select switch 26e, menu (home) switch 26f,
start switch 26g, and power supply switch 26h. Moreover,
as shown in Figure 3(B), a concave portion is formed on
a lower face of the housing 22a, and B-trigger switch 26i
is formed on a rearward inclined surface of the concave
portion.
[0038] The cross key 26a is a four directional push
switch, including four directions of front (or upper), back
(or lower), right and left operation parts. By operating any
one of the operation parts, it is possible to instruct a mov-
ing direction of a character or object (player character or
player object) that is be operable by a player or instruct
the moving direction of a cursor.
[0039] The X-button 26b and the Y-button 26c are re-
spectively push button switches, and are used for adjust-
ing a viewpoint position and a viewpoint direction on dis-
playing the 3D game image, i.e. a position and an image
angle of a virtual camera. Alternatively, the X-button 26b
and the Y-button 26c can be used for the same operation
as that of the A-button 26d and the B-trigger switch 26i
or an auxiliary operation.
[0040] The A-button switch 26d is the push button
switch, and is used for causing the player character or
the player object to take an action other than that instruct-
ed by a directional instruction, specifically arbitrary ac-
tions such as punching, throwing, grasping (acquiring),
riding, and jumping, etc. For example, in an action game,
it is possible to give an instruction to jump, punch, move
a weapon, and so forth. Also, in a roll playing game (RPG)
and a simulation RPG, it is possible to instruct to acquire
an item, select and determine the weapon and command
and so forth.
[0041] The select switch 26e, menu switch 26f, start
switch 26g, and power supply switch 26h are also push
button switches. The select switch 26e is used for select-
ing a game mode. The menu switch 26f is used for dis-
playing a game menu (menu screen). The start switch
26g is used for starting (re-starting) or temporarily posing
the game. The power supply switch 26h is used for turn-
ing on/off a power supply of the video game apparatus
12 by remote control.
[0042] In this embodiment, note that the power supply
switch for turning on/off the controller 22 itself is not pro-
vided, and the controller 22 is set at on-state by operating
any one of the switches or buttons of the input means 26
of the controller 22, and when not operated for a certain
period of time (30 seconds, for example) or more, the
controller 22 is automatically set at off-state.
[0043] The B-trigger switch 26i is also the push button
switch, and is mainly used for inputting a trigger such as
shooting. In a fixed case, the B-trigger switch 26i func-
tions in the same way as a normal B-button, and is used
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for canceling the action determined by the A-button 26d.
[0044] In addition, an externally expanding connector
22b and an indicator 22c are provided in the controller
22. The externally expanding connector 22b is used for
connecting another controller not shown. The indicator
22c is constituted of four LEDs, for example, and by light-
ing any one of the four LEDs, identification information
(the controller no.) of the controller 22 is shown.
[0045] Note that the shape of the controller 22 shown
in Figure 3 and the shape, number and setting position
of each input means 26 are simply examples, and need-
less to say, even if they are suitably modified, the present
invention can be realized.
[0046] Figure 4 is a block diagram showing the electric
configuration of the controller 22. Referring to Figure 4,
the controller 22 includes a microcomputer 70, and an
input means 26, a memory 72, an acceleration sensor
74, and a radio module 76 are connected to the micro-
computer 70 by an internal bus (not shown). Moreover,
an antenna 78 is connected to the radio module 76.
[0047] Further, although not shown, the above-de-
scribed expanding connector 22b and the indicator 22c
(LED) are also connected to the microcomputer 70 via
an interface or a driver.
[0048] The microcomputer 70 is in charge of an overall
control of the controller 22, and transmits (inputs) infor-
mation (input information) inputted by the input means
26 and the acceleration sensor 74 as input information
data, to the video game apparatus 12 via the radio mod-
ule 76 and the antenna 78. At this time, the microcom-
puter 70 uses the memory 72 as a working area or a
buffer area.
[0049] An operation signal (operation data) from the
aforementioned input means 26 (26a to 26i) is inputted
in the microcomputer 70, and the microcomputer 70
stores the operation data once in the memory 72.
[0050] Moreover, the acceleration sensor 74 detects
each acceleration in directions of three axes of vertical
direction (y-axial direction shown in Figure 3), lateral di-
rection (x-axial direction shown in Figure 3), and forward
and rearward directions (z-axial direction shown in Figure
3). The acceleration sensor 74 is typically an acceleration
sensor of an electrostatic capacity type, but the acceler-
ation sensor of other type may also be used. As is clarified
from Figure 3(A) and Figure 3(B), in this embodiment, a
vertical upper direction of the upper surface of the con-
troller 22 is selected to be a positive direction of the y-
axis, and the right direction of the controller 22 which is
vertical to the y-axis is selected to be the positive direction
of the x-axis, and a direction which is vertical to the x-
axis and the y-axis corresponding to a longitudinal direc-
tion of the controller 22 and directed toward the cross
switch 26a from the X-button 26b is selected to be the
positive direction of the z-axis.
[0051] For example, the acceleration sensor 74 de-
tects the accelerations (ax, ay, az) in each direction of x-
axis, y-axis, z-axis for each first predetermined time (such
as 200 msec), and inputs the data of the acceleration

(acceleration data) thus detected in the microcomputer
70. For example, the acceleration sensor 74 detects the
acceleration in each direction of the axes in a range from
-2.0g to 2.0g (g indicates a gravitational acceleration. The
same thing can be said hereafter.). The microcomputer
70 detects the acceleration data given from the acceler-
ation sensor 74 for each second predetermined time (for
example, 1 frame: each screen update unit time (1/60
sec)), and stores it in the memory 72 once. The micro-
computer 70 generates input information data including
at least one of the operation data and acceleration data,
and transmits the input information data thus generated
to the video game apparatus 12 for each third predeter-
mined time (1 frame).
[0052] In this embodiment, although omitted in Figure
3, the acceleration sensor 74 is provided inside the hous-
ing 22a and in the vicinity of a place where the cross key
26a is arranged.
[0053] The radio module 76 modulates a carrier of a
predetermined frequency by the input information data,
by using a technique of Bluetooth (registered trademark),
for example, and emits its weak radio wave signal from
the antenna 78. Namely, the input information data is
modulated to the weak radio wave signal by the radio
module 76 and transmitted from the antenna 78 (control-
ler 22). The weak radio wave signal thus transmitted is
received by the reception unit 24 loaded on the afore-
mentioned video game apparatus 12. The weak radio
wave thus received is subjected to demodulating and de-
coding processing, thus making it possible for the video
game apparatus 12 (CPU 36) to acquire the input infor-
mation data from the controller 22. Then, the CPU 36
performs game processing, following the input informa-
tion data and the program (game program).
[0054] Figure 5(A) shows an example of a performance
screen (game screen) 100 displayed on the monitor 34.
Also, Figure 5(B) shows an example of the operation
method of the controller 22 when the musical instrument
is played in a pseudo manner by observing the game
screen 100 shown in Figure 5(A). Namely, the player
operates the controller 22 by being guided by the game
screen 100.
[0055] As shown in Figure 5(A), images 102, 104, 106,
108 of four musical instruments are displayed on the
game screen 100. For example, an image 102 of a crush
cymbal is displayed in an upper part of the game screen
100. Also, an image 104 of a high-hat cymbal is displayed
in the left part of the game screen 100. Further, an image
106 of a bass drum is displayed in a lower part of the
game screen 100. Still further, an image 108 of a snare
drum is displayed in the right part of the game screen 100.
[0056] The player plays (hits) the musical instrument
displayed on the game screen 100, by swinging the con-
troller 22 in the lateral direction (right direction or left di-
rection) or the vertical direction (upper direction or lower
direction). However, in this embodiment, by using the
controller 22, the musical instrument displayed on the
game screen 100 is hit. Therefore, in the vertical direc-
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tion, it is so determined that the musical instrument is hit
only when the controller 22 swings downward. When the
controller 22 is vertically swung, a determination method
of determining whether or not it swings upward or it
swings downward will be explained later in detail.
[0057] For example, when the player swings the con-
troller 22 in the right direction, the snare drum (image
108) can be hit. Also, when the player swings the con-
troller 22 in the left direction, the hi-hat cymbal (image
104) can be hit. Further, when the player swings the con-
troller 22 downward, and stops the swinging motion at a
relatively high position (upper part), the crush cymbal (im-
age 102) can be hit. Still further, when the player swings
the controller 22 downward, and stops the swinging mo-
tion in the vicinity of a horizontal position or at the position
lower than the horizontal position (lower part), the bass
drum (image 106) can be hit.
[0058] The operation method (swinging motion) and
the determination method of the swinging direction of the
controller 22 will be explained with reference to Figure 6
to Figure 10. As shown in Figure 6, when the controller
22 swings in the lateral direction (right and left), the di-
rection of the upper side of the controller 22 is set in a
minus direction of the Z-axis of a real space coordinate
system. Namely, the upper surface of the controller 22
is directed in the same direction as the game screen 100
(monitor 34) as shown in Figure 5(B). Accordingly, as
shown in Figure 6, when the controller 22 swings in the
lateral direction, the controller 22 is rotated with the Z-
axis as a center in the XY plane of the real space coor-
dinate system. Specifically, when the controller 22
swings in the right direction, the controller 22 is inclined
so that an angle formed by a plus direction of the z-axis
of the controller 22 and the plus direction of the X-axis
of the real space coordinate system becomes small.
Meanwhile, when the controller 22 swings in the left di-
rection, the controller 22 is inclined so that the angle
formed by the plus direction of the z-axis of the controller
22 and the minus direction of the X-axis of the real space
coordinate system becomes small.
[0059] Here, as shown in Figure 6, in this embodiment,
the plus direction of the x-axis of the controller 22 coin-
cides with the plus direction of the X-axis of the real space
coordinate system, and the plus direction of the y-axis of
the controller 22 coincides with the minus direction of the
Z-axis of the real space coordinate system, and the plus
direction of the z-axis of the controller 22 coincides with
the plus direction of the Y-axis of the real space coordi-
nate system. This case is defined as a reference posture
of the controller 22. However, in the reference posture,
the direction (posture) of the controller 22 is determined,
so that the cross key 26a faces upward. In addition, in
this embodiment, an explanation is given to a case of
swinging the controller 22 from the reference posture for
convenience. However, actually, the controller 22 is not
required to swing from the reference posture. The same
thing can be said hereafter.
[0060] In addition, as shown in Figure 7, when the con-

troller 22 is swung downward, the controller 22 is rotated
around the X-axis in an YZ plane in the real space coor-
dinate system. Figure 7(1) shows a state in which the
controller 22 is swung downward and stopped in a rela-
tively high position (upper part). Namely, the controller
22 is stopped at a position where the z-axis is slightly
inclined to the Y-axis of the real space coordinate system.
In this case, as described above, the crush cymbal dis-
played in the upper part of the game screen 100 can be
hit. Meanwhile, Figure 7(2) shows a state in which the
controller 22 is swung downward and stopped at a hori-
zontal position. Namely, the controller 22 is stopped at
the position where the z-axis is inclined until the z-axis
becomes parallel to the Z-axis of the real space coordi-
nate system. In this case, as described above, the bass
drum displayed in a lower part of the game screen 100
can be hit.
[0061] Figure 8(A1) shows the change of the controller
22 in an axial direction, when the controller 22 is swung
in the right direction. As described above, when the con-
troller 22 is swung in the right direction, the controller 22
is inclined, so that the angle formed by the plus direction
of the z-axis of the controller 22 and the plus direction of
the X-axis of the real space coordinate system becomes
small. However, Figure 8(A1) shows the change of the
controller 22 in the axial direction when the controller 22
is swung in the right direction from the reference posture.
In this case, accelerations ax and az that appear on the
x-axis and y-axis of the controller 22 change as shown
in Figure 8(A2). Namely, the acceleration az correspond-
ing to the gravitational acceleration g in the minus direc-
tion of the z-axis appears in the controller 22, before the
controller 22 is swung. Then, after the controller 22 is
swung, the acceleration ax and the acceleration az ap-
pear, which are generated after decomposition of the
gravitational acceleration g in accordance with the incli-
nation of the controller 22 at the time of end of the swing-
ing motion. However, as is clarified from Figure 8(A1),
when the controller 22 is swung in the right direction, the
y-axis of the controller 22 perpendicularly crosses the Y-
axis of the real space coordinate system where gravita-
tional force works, thus allowing no acceleration to ap-
pear in the y-axial direction (ay = 0). The same thing can
be said for a case of the controller 22 is swung in the left
direction.
[0062] Also, Figure 8 (B1) shows the change of the
controller 22 in the axial direction when the controller 22
is swung in the left direction. As described above, when
the controller 22 is swung in the left direction, the con-
troller 22 is inclined, so that the angle formed by the plus
direction of the z-axis of the controller 22 and the minus
direction of the X-axis of the real space coordinate system
becomes small. However, Figure 8 (A1) shows the
change of the controller 22 in the axial direction, when
the controller 22 is swung in the left direction from the
reference posture. In this case, the accelerations ax and
az that appear on the x-axis and the y-axis of the con-
troller 22 change as shown in Figure 8 (B2). Namely,

13 14 



EP 1 850 319 B1

9

5

10

15

20

25

30

35

40

45

50

55

before the controller 22 is swung, the acceleration az
corresponding to the gravitational acceleration g appears
in the minus direction of the z-axis. Then, after the con-
troller 22 is swung, in the minus direction of the x-axis
and the minus direction of the z-axis, the acceleration ax
and the acceleration az appear, which are generated af-
ter decomposition of the gravitational acceleration g in
accordance with the inclination of the controller 22 at the
time of end of the swinging motion.
[0063] Accordingly, it could be determined whether or
not the controller 22 is swung in the right direction or the
left direction, by a numerical value of the acceleration ax
of the x-axis or its signs (plus and minus) at the time of
end of the swinging motion, after the end of the swinging
motion of the controller 22 is detected.
[0064] However, as described above, according to this
embodiment, an operation is so performed as if the mu-
sical instrument is hit by the controller 22. Therefore,
when the swinging motion in the right direction or the left
direction is determined only by the numerical value of the
acceleration ax in the x-axial direction or the signs thereof
at the time of end of the swinging motion, there is a pos-
sibility that hitting operation is erroneously performed,
even though a player does not perform the hitting oper-
ation. This is because, for example, even when the con-
troller 22 is slowly inclined to the right direction or the left
direction, the acceleration ax appears in the x-axial di-
rection of the controller 22 by the gravitational force g.
Also, this is because erroneous determination that mere
unintentional motion is judged to be the hitting operation
(swinging motion) must be prevented.
[0065] Therefore, according to this embodiment, the
swinging motion in the right direction or the left direction
is judged in accordance with the value of the acceleration
ax in the x-axial direction at an initial period or in the
middle of the swinging motion. Specifically, in consider-
ation of the gravitational acceleration g, when the accel-
eration ax in the direction of the x-axis becomes a first
threshold value (for example, 1.2g) or more, the swinging
motion is judged to be in the right direction. Also, similarly,
in consideration of the gravitational acceleration g, when
the acceleration ax in the direction of the x-axis becomes
a second threshold value (for example, -1.2g) or less,
the swinging motion is judged to be in the left direction.
[0066] Although a detailed explanation is omitted,
when the controller 22 is swung in the right direction and
the left direction, the acceleration due to a centrifugal
force appears in the direction of the z-axis. However, the
same thing can be said for the case that the controller
22 is swung in the vertical direction, and therefore the
direction of swinging the controller 22 can not be deter-
mined by the acceleration az in the z-axial direction.
[0067] Also, although not shown, when the controller
22 is swung in the right direction or in the left direction,
the end of swinging is judged by whether or not an in-
crease or decrease of the acceleration ax is ended. Then,
at the time of end of swinging the controller 22, it is so
determined that the musical instrument is hit, and the

sound of the musical instrument is outputted in accord-
ance with the direction of swinging the controller 22 and
the display on the game screen 100 is updated.
[0068] Figure 9 (A1) shows the change of the controller
22 in the axial direction, when the controller 22 is swung
downward and stopped in the upper part. Namely, as
shown in Figure 7 (1), the controller 22 is swung so as
to rotate around the X-axis of the real space coordinate
system from the reference posture, and is stopped at the
position where the z-axis is slightly inclined to the Y-axis
of the real space coordinate system. In this case, the
accelerations ay and az that appear on the y-axis and
the z-axis of the controller 22 change as shown in Figure
9 (A2). Namely, before the controller 22 is swung, the
acceleration az corresponding to the gravitational accel-
eration g appears in the minus direction of the z-axis.
Then, after the controller 22 is swung, the acceleration
ay and the acceleration az appear in the minus direction
of the y-axis and the minus direction of the z-axis, the
acceleration ay and the acceleration az being generated
after decomposition of the gravitational acceleration g in
accordance with the inclination of the controller 22 at the
time of end of the swinging motion. However, as is clar-
ified from Figure 9 (A1), when the controller 22 is swung
downward, the x-axis of the controller 22 perpendicularly
crosses the Y-axis of the real space coordinate system
where the gravitational force works, thus allowing no ac-
celeration to appear in the x-axial direction (ax = 0).
[0069] Also, Figure 9 (B1) shows the change of the
controller 22 in the axial direction when the controller 22
is swung downward and is stopped at the horizontal po-
sition. Namely, as shown in Figure 7 (2), the controller
22 is swung so as to rotate around the X-axis of the real
space coordinate system from the reference posture, and
is stopped at the position where the z-axis is inclined until
the z-axis becomes parallel to the Z-axis of the real space
coordinate system. In this case, the accelerations ay and
az that appear on the y-axis and the z-axis of the con-
troller 22 change as shown in Figure 9 (B2). Namely,
before the controller 22 is swung, the acceleration az
corresponding to the gravitational acceleration g appear
in the controller 22 in the minus direction of the z-axis.
Then, after the controller 22 is swung, the acceleration
ay corresponding to the gravitational acceleration g ap-
pears in the minus direction of the y-axis. However, the
z-axis of the controller 22 perpendicularly crosses the Y-
axis of the real space coordinate system where the grav-
itational force works, and therefore the acceleration does
not appear in the z-axial direction (az = 0).
[0070] Here, when the controller 22 is swung down-
ward, differently from the case that the controller 22 is
swung in the lateral direction, the controller 22 is swung
in the same direction, even in either case of stopping the
controller 22 relatively at the upper part, or stopping the
controller 22 in the vicinity of the horizontal position or at
the lower part. Therefore, in order to judge whether or
not the controller 22 is stopped relatively at the upper
part or stopped in the vicinity of the horizontal position or
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at the lower part, a determination method used in the
case that the controller 22 is swung in the lateral direction
can not be utilized. Namely, for example, it is difficult to
perform the above-described judgment by only the ac-
celeration ay in the y-axial direction.
[0071] Therefore, according to this embodiment, when
the controller 22 is swung downward, the end of swinging
is determined, and in accordance with the posture of the
controller 22 at the time of end of swinging, it is judged
whether or not the controller 22 is stopped relatively at
the upper part or is stopped in the vicinity of the horizontal
position or at the lower part. Specifically, as is clarified
by comparing Figure 9 (A2) and Figure 9 (B2), the posture
is determined based on the acceleration az in the z-axial
direction at the time of end of swinging the controller 22.
Namely, as shown in Figure 9 (A2), when the controller
22 is stopped relatively at the upper part, the acceleration
az by the gravitational force is largely appears in the mi-
nus direction. Meanwhile, as shown in Figure 9 (B2),
when the controller 22 is stopped at the horizontal posi-
tion, the acceleration az that appears in the minus direc-
tion of the z-axis is larger than the case shown in Figure
9 (A2) in its stop state. Although not shown, when the
controller 22 is stopped at the position where it is swung
further downward than the horizontal position, the accel-
eration az appears in the plus direction of the z-axis.
Namely, the acceleration az becomes further larger.
[0072] Therefore, according to this embodiment, when
the controller 22 is swung downward, a third threshold
value (-0.5g, for example) is set, and by using the third
threshold value, the stop position of the controller 22 is
judged. Specifically, the acceleration az in the z-axial di-
rection at the time of stopping the controller 22 is detect-
ed. Then, when the acceleration az is smaller than the
third threshold value, it is so determined that the controller
22 is stopped relatively at the upper part. Conversely,
when the acceleration az is equal to the third threshold
value or more, it is so determined that the controller 22
is stopped in the vicinity of the horizontal position or at
the lower part.
[0073] It should be noted that whether or not the con-
troller 22 is swung in the vertical direction can be known
by the change of the acceleration in the y-axial direction.
[0074] In addition, Figure 10 is a graph showing the
change rate per time of the acceleration ay that appears
in the y-axial direction, when the controller 22 is swung
from upside to downside (downward), after the controller
22 is swung from downside to upside (upward). This
graph is obtained when a real machine of the controller
22 shown in this embodiment is actually swung up and
down (vertical direction).
[0075] As is clarified from the graph shown in Figure
10, the change rate per time of the acceleration ay that
appears in the y-axial direction shows that after a nega-
tive peak value appears, a positive peak value appears,
in either case that the controller 22 is swung upward and
the controller 22 is swung downward. Namely, the above
both cases are similar to each other.

[0076] Here, as described above, according to this em-
bodiment, the controller 22 is swung so as to hit the mu-
sical instrument displayed on the game screen 100. Ac-
cordingly, when the controller 22 is swung upward, the
player feels discomfort when the sound of the musical
instrument rings. Therefore, in this embodiment, when
the controller 22 is swung in the vertical direction, the
sound of the musical instrument rings only when the con-
troller 22 is swung downward.
[0077] According to this embodiment, when a local
peak value shown by a circle P of Figure 10 is detected,
it is so determined that the controller 22 is swung down-
ward. Thereafter, when the negative peak value shown
by a circle Q is detected, the end of swinging the controller
22 is judged.
[0078] Specifically, after the acceleration ay of the con-
troller 22 in the y-axial direction becomes -0.3 or more,
the CPU 36 determines whether or not the negative peak
value shown by the circle Q is detected without exceeding
a predetermined value (0.8g). Here, when the accelera-
tion ay exceeds the predetermined value without detect-
ing the negative peak value, it is so determined that the
controller 22 has an upward swinging motion, because
there is not peak value shown by the circle P. Meanwhile,
when the negative peak value is detected, it is so deter-
mined that the controller 22 has a downward swinging
motion.
[0079] Also, the negative peak value is detected by
using the acceleration ay of the past three frames includ-
ing the latest (current frame) acceleration ay. Specifically,
it is so assumed that values of three accelerations ay are
selected to be α, β, γ (they are all negative values), and
are detected in the order of α, β, γ. Namely, γ is the ac-
celeration ay of the current frame. At this time, when the
following Equation 1 is satisfied, the negative peak value
is detected. 

[0080] In this embodiment, when the negative peak
value shown by the circle Q is detected, the end of swing-
ing the controller 22 is determined. However, the embod-
iment is not limited thereto, and it may be so constituted
that when the peak value shown by a circle R is detected,
the end of swinging the controller 22 is judged. Which
case is to be selected is a matter of arbitrary selection
by a developer or a designer.
[0081] Figure 11 is a memory map of a main memory
40 shown in Figure 2. Referring to Figure 11, the main
memory 40 includes a program memory area 90 and a
data memory area 92. A music performance program
(game program) is stored in the program memory area
90, and this music performance program is constituted
by an acceleration detection program 90a, a swinging
direction determination program 90b, a tone selection

17 18 



EP 1 850 319 B1

11

5

10

15

20

25

30

35

40

45

50

55

program 90c, a sound output program 90d, an image
generation program 90e, and an image display program
90f, etc.
[0082] The acceleration detection program 90a is a
program for detecting acceleration data from input infor-
mation data inputted from the controller 22, and storing
(temporarily storing) the acceleration data thus detected
in the data memory area 92, according to a time series.
The swinging direction determination program 90b is a
program for determining the swinging direction of the
controller 22 based on the acceleration data. In addition,
the swinging direction determination program 90b exe-
cutes establishment (on) and non-establishment (off) of
each of a rightward flag 92b, a leftward flag 92c and a
downward flag 92d as will be described later, on deter-
mining the swinging direction.
[0083] The tone selection program 90c is program for
determining (hitting determination) the musical instru-
ment hit by the controller 22, i.e. images (102, 104, 106,
108) and selecting the tone of the musical instrument in
accordance with a determination result. The sound out-
put program 90d is a program for outputting the sound
of the tone selected by following the tone selection pro-
gram 90c. Moreover, the sound output program 90d out-
puts the sound like BGM and an orchestra as needed.
[0084] In addition, although not shown, the data (sound
data) corresponding to the sound like BGM and the or-
chestra is stored in the data memory area 92.
[0085] The image generation program 90e is a pro-
gram for generating a game image including an object
like the musical instrument, by using image data 92f as
will be described later. Also, the image generation pro-
gram 90e causes the images (102, 104, 106, 108) of the
musical instruments to change by following animation
data. The image display program 90f is the program for
displaying (outputting) on a monitor 34 the game image
generated by following the image generation program
90e.
[0086] In addition, although not shown, the program
such as a backup program is also stored in the program
memory area 90. The backup program is the program
for saving intermediate data and result data of a musical
performance game in the memory card 30.
[0087] The acceleration data 92a, rightward flag 92b,
leftward flag 92c, downward flag 92d and image data
92e, etc. are stored in the data memory area 92.
[0088] The acceleration data 92a is numerical data of
the accelerations (ax, ay, az) that appear on each axis
(x-axis, y-axis, and z-axis) fixedly determined in the con-
troller 22, and as described above, is stored according
to the time series, by following the acceleration detection
program 90a. However, in this embodiment, the accel-
erations ax, ay, az are expressed by using the gravita-
tional acceleration g. The rightward flag 92b is a flag for
determining whether or not the controller 22 is swung in
the right direction, and is turned on/off by following the
swinging direction determination program 90b. For ex-
ample, the rightward flag 92b (the same thing can be said

for other flags 92c and 92d) is constituted by a register
of 1 bit, and when the flag is turned on, data value "1" is
set in the register, and when the flag is turned off, data
value "0" is set in the register. For example, the rightward
flag 92b is turned on when the swinging direction of the
controller 22 is determined to be the right direction, and
is turned off otherwise.
[0089] The leftward direction flag 92b is a flag for de-
termining whether or not the controller 22 is swung in the
left direction, and is turned on/off by following the swing-
ing direction determination program 90b. For example,
the leftward flag 92b is turned on when the swinging di-
rection of the controller 22 is determined to be the left
direction, and is tuned off otherwise. The downward flag
92d is a flag for determining whether or not the controller
22 is swung downward, and is tuned on/off by following
the swinging direction determination program 90b. For
example, the downward flag 92d is turned on when the
swinging direction of the controller 22 is determined to
be the downward, and is turned off otherwise.
[0090] As described above, the image data 92e is the
data (polygon data and texture data, etc.) for generating
the game image. Also, the image data 92e includes the
animation data for performing animation display of an
object (such as musical instrument).
[0091] Although not shown, other data and other flags
are stored in the data memory area 92.
[0092] Figure 12 shows the memory map of ARAM 54
shown in Figure 2. The ARAM 54 stores the tone data
(sound wave data). For example, the tone data is read
from the optical disk 18, written in a predetermined area
of the main memory 40 once, and thereafter, all of them
are simultaneously or partially and sequentially written
in the ARAM 54. As shown in Figure 12, the ARAM 54
stores tone A data 54a for the tone of a snare drum, tone
B data 54b for the tone of a crush cymbal, tone C data
54c for the tone of a high-hat cymbal, and tone D data
54d for the tone of a bass drum, etc. Accordingly, follow-
ing the aforementioned tone output program 90c, the
CPU 36 reads the tone data 54a, 54b, 54c, 54d, ... se-
lected by following the tone selection program 90c, and
gives the tone data 54a, 54b, 54c, 54d, ... thus read to
DSP 52. The DSP 52 applies predetermined processing
to the tone data 54a, 54b, 54c, 54d, under an instruction
of the CPU 36, and outputs it to the speaker 34a through
the main memory 40 and the audio I/F62.
[0093] Specifically, the CPU 36 as shown in Figure.2
executes music performance processing by following the
flowchart shown in Figure 13. As shown in Figure 13,
when the CPU 36 starts the music performance process-
ing, initialization processing is executed in a step S1.
Namely, the CPU 36 turns off each flag 92b, 92c, 92d,
and clears a buffer area. In a next step S3, a performance
screen, i.e. the game screen 100 is generated, and dis-
played on the monitor 34. Subsequently, detecting the
acceleration is started in a step S5. Namely, the CPU 36
detects the acceleration data 92a from the input informa-
tion data inputted from the controller 22, and starts to
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store the acceleration data 92a thus detected in the data
memory area 92. Accordingly, although not shown, the
acceleration data 92a is stored in the data memory area
92 according to the time series during executing the mu-
sic performance processing.
[0094] In a subsequent step S7, a swinging direction
determination and sound output processing as will be
described later (see Figure 14 to Figure 16) is executed.
Then, in a step S9, the CPU 36 determines whether or
not the performance is ended. Here, the CPU 36 deter-
mines whether or not an end instruction to the music per-
formance is given from the player. However, in this em-
bodiment, even when a state in which the input informa-
tion data is not inputted from the controller 22 continues
for a predetermined period of time, it is so determined
that the music performance is ended. When the determi-
nation in the step S9 shows "NO", namely, when the per-
formance is not ended, the processing is returned to the
step S7 as it is. Meanwhile, when determination in the
step S9 shows "YES", namely, when the performance is
ended, the music performance processing is ended.
[0095] The swinging direction determination and the
sound output processing shown in the step S7 of Figure
13 is executed in parallel (by multitasking) by following
the flowchart shown in each Figure 14 to Figure 16. Fig-
ure 14 is a flowchart showing the swinging direction de-
termination and the sound output processing for deter-
mining whether or not the controller 22 takes a rightward
swinging motion and outputs the sound corresponding
to the determination result.
[0096] As shown in Figure 14, when the swinging di-
rection determination and the sound output processing
are started, the CPU 36 determines whether or not the
rightward flag 92b is turned on in a step S21. When the
determination in the step S21 shows "YES", namely,
when the rightward flag 92b is turned on, the processing
proceeds to a step S27 as it is. However, when the de-
termination in the step S21 shows "NO", namely, when
the rightward flag 92b is turned off, the CPU 36 deter-
mines whether or not the acceleration ax of the controller
22 in the x-axial direction is 1.2g or more in a step S23.
[0097] When the determination in the step S23 shows
"NO", namely, when the acceleration ax is less than 1.2g,
it is so determined that the controller 22 is not swung in
the right direction, and the processing is returned to the
performance processing shown in Figure 13. Meanwhile,
when the determination in the step S23 shows "YES",
namely, when the acceleration ax is 1.2g or more, it is
so determined that the controller 22 is swung in the right
direction, and the rightward flag 92b is turned on in a step
S25, and the processing proceeds to the step S27.
[0098] Since there is no case of simultaneously turning
on two or more of the rightward flag 92b, leftward flag
92c, and the downward flag 92d, the CPU 36 is designed
to turn off all the other flags (92c and 92d) when turning
on the rightward flag 92b. The same thing can be said
for the other flags.
[0099] In the step S27, the CPU 36 determines whether

or not the increase of the acceleration ax of the controller
22 in the x-axial direction is ended. Here, the CPU 36,
for example, detects the acceleration ax up to the current
frame from the frame that precedes several frames from
it, and determines whether or not the acceleration ax is
changed (increased). When the acceleration ax is in-
creased, it is determined that the swinging motion is not
ended. However, when the acceleration ax is not in-
creased, namely, when the acceleration ax is a fixed val-
ue or approximately the fixed value, it is determined that
the swinging motion is ended.
[0100] When the determination in the step S27 shows
"NO", namely, when the increase of the acceleration ax
is not ended, the processing is returned to the music per-
formance processing as it is. Meanwhile, when the de-
termination in the step S27 shows "YES", namely, when
the increase of the acceleration ax is ended, it is deter-
mined that the swinging motion in the right direction is
ended. Namely, the CPU 36 determines that the musical
instrument is hit by the swinging motion in the right di-
rection. Accordingly, in a step S29, the processing of out-
putting the sound of the musical instrument (such as a
snare drum on the game screen 100 of Figure 5) arranged
(displayed) on the right side viewed from the player is
executed.
[0101] Specifically, the CPU 36 determines the musi-
cal instrument displayed in the right part of the game
screen 100 viewed from the player, and selects the tone
data corresponding to the musical instrument. Next, un-
der the instruction of the CPU 36, the DSP 52 applies a
predetermined processing to the tone data thus selected,
and outputs the tone data thus subjected to predeter-
mined processing. The same thing can be said for the
case of outputting the sound. Also, the CPU 36 outputs
the sound of the musical instrument and changes the
display of the game screen 100 so as to express a con-
dition of hitting the musical instrument. Namely, the CPU
36 displays by animation the image (object) of the musical
instrument by following the animation data correspond-
ing to the musical instrument that rings the sound. The
same thing can be said for the case of changing the dis-
play of the game screen 100, hereafter.
[0102] Subsequently, in a step S31, the buffer is
cleared. Namely, the acceleration data 92a stored in the
data memory area 92 is deleted. Then, in a step S33, the
rightward flag 92b is turned off, and the processing is
returned to the music performance processing.
[0103] Figure 15 is a flowchart showing the swinging
direction determination and the sound output processing
for determining whether or not the controller 22 takes the
motion of leftward swinging and outputting the sound cor-
responding to the determination result. This processing
is the same as the processing shown in Figure 14, and
therefore overlapped contents will be simply explained.
[0104] As shown in Figure 15, when the CPU 36 starts
to perform the swinging direction determination and the
sound output processing, it determines whether or not
the leftward flag 92c is turned on in a step S41. When
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the determination in the step S41 shows "YES", namely,
when the leftward flag 92c is turned on, the processing
proceeds to a step S47 as it is. However, when the de-
termination in the step S41 shows "NO", namely, when
the leftward flag 92c is turned off, it is determined whether
or not the acceleration ax of the controller 22 in the x-
axial direction is -1.2 or less in a step S43.
[0105] When the determination in the step S43 shows
"NO", namely, when the acceleration ax is larger than
-1.2g, it is determined that the controller 22 is not swung
in the left direction, and the processing is returned to the
music performance processing shown in Figure 13.
Meanwhile, when the determination in the step S43
shows "YES", namely, when the acceleration ax is -1.2g
or less, it is determined that the controller 22 is swung in
the left direction, and the leftward flag 92c is turned on
in a step S45, and the processing proceeds to the step
S47. Although not shown, at this time, the rightward flag
92b and the downward flag 92d are turned off.
[0106] In the step S47, it is determined whether or not
the decrease of the acceleration ax of the controller 22
in the x-axial direction is ended. Here, the CPU 36, for
example, detects the acceleration ax up to the current
frame from the frame that precedes several frames from
it, and determines whether or not the acceleration ax is
changed (decreased). When the acceleration ax is de-
creased, it is determined that the swinging motion in the
left direction is not ended. However, when the accelera-
tion ax is not decreased, namely, when the acceleration
ax is a fixed value or approximately the fixed value, it is
determined that the swinging motion in the left direction
is ended.
[0107] When the determination in the step S47 shows
"NO", namely, when the decrease of the acceleration ax
is not ended, the processing is returned to the music per-
formance processing as it is. Meanwhile, when the de-
termination in the step S47 shows "YES", namely, when
the decrease of the acceleration ax is ended, it is deter-
mined that the swinging motion in the left direction is end-
ed. Namely, it is determined that the musical instrument
is hit, by the swinging motion in the left direction. Accord-
ingly, the processing of outputting the sound of the mu-
sical instrument (high-hat cymbal on the game screen
100 of Figure 5) arranged (displayed) on the left side
viewed from the player is executed in a step S49. Here,
the sound of the high-hat cymbal is outputted and the
game screen 100 showing a condition of the high-hat
cymbal thus hit is displayed.
[0108] Subsequently, in a step S51, the buffer is
cleared. Then, in a step S53, the leftward flag 92c is
turned off, and the processing is returned to the music
performance processing.
[0109] Figure 16 is a flowchart showing the swinging
direction determination and the sound output processing
for determining whether or not the controller 22 takes the
motion of vertical (downward) swing, and outputting the
sound corresponding to the determination result. As
shown in Figure 16, when the CPU 36 starts to perform

the swinging direction determination and the sound out-
put processing, it is determined whether or not the ac-
celeration ay of the controller 22 in the y-axial direction
is -0.3g or more in a step S61. When the determination
in the step S61 shows "NO", namely, when the acceler-
ation ay is less than -0.3g, the processing proceeds to a
step S65 as it is. Meanwhile, when the determination in
the step S61 shows "YES", namely, when the accelera-
tion ay is -0.3g or more, the downward flag 92d is turned
on in a step S63, and the processing proceeds to the
step S65. Although not shown, at this time, the rightward
flag 92b and the leftward flag 92c are turned off.
[0110] In the step S65, it is determined whether or not
the acceleration ay of the controller 22 in the y-axial di-
rection is 0.8g or more. When the determination in the
step S65 shows "YES", namely, when the acceleration
ay is -0.3g or more, and thereafter when the acceleration
ay is 0.8g or more without detecting the negative peak
value, the controller 22 is determined to have an upward
swinging motion, then the downward flag 92d is turned
off in a step S79, and the processing is returned to the
music performance processing as shown in Figure 13.
[0111] However, when the determination in the step
S65 shows "NO", namely, when the acceleration ay is
less than 0.8g, the negative peak value is detected ac-
cording to the Equation 1 in a step S67. In a subsequent
step S69, it is determined whether or not the negative
peak value is detected. Namely, it is determined whether
or not the acceleration ay of the past three frames includ-
ing the acceleration ay of the current frame satisfies the
Equation 1. When the determination in the step S69
shows "NO", namely, when the negative peak value is
not detected, the processing is returned to the step S65
as it is. Meanwhile, when the determination in the step
S69 shows "YES", namely, when the negative peak value
is detected, the processing proceeds to a step S71 to
ring the sound corresponding to a downward swinging
motion.
[0112] In this way, by the processing from the step S61
to S69, the negative peak value shown by circle Q fol-
lowing a local peak value shown by circle P is detected,
as shown in Figure 10. Whereby, the downward swinging
motion is accurately determined.
[0113] In the step S71, it is determined whether or not
the acceleration az of the controller 22 in the z-axial di-
rection is larger than -0.5g. Namely, it is determined the
posture (stop position) of the controller 22 after the down-
ward swinging motion is ended. When the determination
in the step S71 shows "NO", namely, when the acceler-
ation az is -0.5g or less, it is determined that the controller
22 stops at a relatively higher position, and the process-
ing of outputting the sound of the musical instrument
(crush cymbal on the game screen 100 shown in Figure
5) arranged (displayed) in the upper side viewed from
the player is executed in a step S73, and the processing
is advanced to a step S77. However, in the step S73, the
sound of the crush cymbal is outputted and the game
screen 100 showing the condition of hitting the crush
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cymbal is displayed.
[0114] Meanwhile, when the determination in the step
S71 shows "YES", namely, when the acceleration az is
larger than -0.5g, it is determined that the controller 22
stops in the vicinity of the horizontal position or at the
lower position thereof, and the processing of outputting
the sound of the musical instrument (bass drum on the
game screen 100 shown in Figure 5) arranged (dis-
played) on the lower side viewed from the player is exe-
cuted in a step S75, and the processing proceeds to the
step S77. However, in the step S75, the sound of the
bass drum is outputted and the game screen 100 showing
the condition of hitting the bass drum is displayed.
[0115] In the step S77, the buffer is cleared. Namely,
the acceleration data 92a stored in the data memory area
92 is deleted. Then, in a step S79, the downward flag
92d is turned off and the processing is returned to the
music performance processing.
[0116] According to this embodiment, the sound cor-
responding to a swinging attitude of the controller is out-
putted, and therefore the sound outputted according to
the swinging motion by the user can be enjoyed.
[0117] Moreover, according to this embodiment, the
direction of the swinging motion is determined based on
the detection result of one acceleration sensor, and the
posture of the controller at the time of end of swing is
determined. Therefore, the swinging motion of the player
can be accurately determined at a low cost.
[0118] In this embodiment, explanation has been given
to a case of displaying the image of one musical instru-
ment in the upper part, lower part, left part, and right part
of the game screen, respectively. However, the embod-
iment is not limited thereto, and it may also be possible
to display images of further plural musical instruments,
so as to determine a detailed swinging motion, as well
as the images in the right/left, and up/down on the screen.
[0119] For example, as shown in Figure 17, when the
images A, B, C, D of four musical instruments are ar-
ranged side by side in the lateral direction, it is possible
to determine which of the musical instruments arranged
(displayed) in each direction is hit at the acceleration ax
of the controller 22 in the x-axial direction. However, in
Figure 17, a musical instrument A and a musical instru-
ment B are arranged at the position from the center to
the left side of the game screen, and a musical instrument
C and a musical instrument D are arranged at the position
from the center to the right side of the game screen. Spe-
cifically, differently from the threshold value (the afore-
mentioned first threshold value and second threshold val-
ue) for determining the swinging motion in the left direc-
tion or in the right direction, the threshold value for de-
termining the hit musical instrument is provided. Namely,
as shown in the lower part of Figure 17, when the con-
troller 22 is swung in the left direction and the musical
instrument A is hit, an inclination angle to the left direction
from the reference posture becomes larger than a case
of hitting the musical instrument B. Therefore, it is con-
ceivable to speed up (strengthen) the swinging motion.

Similarly, when the controller 22 swings in the right di-
rection and the musical instrument D is hit, the inclination
angle to the right direction from the reference posture
becomes larger than the case of hitting the musical in-
strument C. Therefore, it is conceivable to speed up
(strengthen) the swinging motion.
[0120] In this case, the flowchart shown in Figure 14
is changed as shown in Figure 18 and Figure 19. Here-
after, the processing shown in Figure 18 and Figure 19
are explained. However, the same processing as the
processing explained in the above-described embodi-
ment will be simply explained.
[0121] As shown in Figure 18, when the swinging di-
rection determination and the sound output processing
is started, the CPU 36 determines whether or not the
rightward 2 flag is turned on in a step S91. Here, the
rightward 2 flag is the flag showing that the acceleration
ax in the x-axial direction is a fourth threshold value (here
1.6g) or more, as well as being a first threshold value
(here, 1.2g). Specifically, as shown in Figure 17 (IV), a
state in which the controller 22 is swung so as to largely
incline to the right direction from the reference posture
is shown. When the determination in the step S91 shows
"YES", namely, when the rightward 2 flag is turned on,
the processing proceeds to a step S105 as it is as shown
in Figure 19. However, when the determination in the
step S91 shows "NO", namely, when the rightward 2 flag
is turned off, whether or not the rightward 1 flag is turned
on is determined in a step S93. This rightward 1 flag is
the flag showing that the acceleration ax in the x-axial
direction is the first threshold value or more and less than
the fourth threshold value. Specifically, as shown in Fig-
ure 17(III), the state in which the controller 22 is swung
so as to be slightly inclined to the right direction from the
reference posture is shown.
[0122] When the determination in the step S93 shows
"YES", namely, when the rightward 1 flag is turned on,
the processing proceeds to a step S99 as it is. Meanwhile,
when the determination in the step S93 shows "NO",
namely, when the rightward 1 flag is turned off, it is de-
termined whether or not the acceleration ax is 1.2g or
more in a step S95. Namely, it is determined whether or
not this is the swinging motion in the right direction. When
the determination in the step S95 shows "NO", as shown
in Figure 19, the processing is returned to the music per-
formance processing as it is as shown in Figure 13. How-
ever, when the determination in the step S95 shows
"YES", the rightward 1 flag is turned on in a step S97 and
the processing is advanced to the step S99.
[0123] In step S99, it is determined whether or not the
acceleration ax is the fourth threshold value (here 1.6g)
or more. When the determination in the step S99 shows
"NO", namely, when the acceleration ax is less than 1.6g,
the processing proceeds to the step S105 as it is. Mean-
while, when the determination in the step S99 shows
"YES", namely, when the acceleration ax is 1.6g or more,
the rightward 2 flag is turned on in a step S101, and the
rightward 1 flag is turned off in a step 103, and the
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processing proceeds to the step S105.
[0124] Note that in order to accurately determine which
of the musical instrument C or the musical instrument D
is hit, the rightward 1 flag is turned off in the step S103.
[0125] As shown in Figure 19, it is determined whether
or not the increase of the acceleration ax is ended in the
step S105. Namely, it is determined whether or not the
swinging motion of the controller 22 in the right direction
is ended. When the determination in the step S105 shows
"NO", the processing is returned to the music perform-
ance processing as it is. Meanwhile, when the determi-
nation in the step S105 shows "YES", namely, when the
increase of the acceleration ax is ended, it is determined
whether or not the rightward 1 flag is turned on in a step
S107.
[0126] When the determination in the step S107 shows
"YES", namely, when the rightward 1 flag is turned on,
the processing of outputting the sound of the musical
instrument arranged (displayed) at the right side viewed
from the player and at the position closer to the center
of the game screen is executed in a step S109, and the
processing proceeds to a step S113. Meanwhile, when
the determination in step the S107 shows "NO", namely,
when the rightward 2 flag is turned on, the processing of
outputting the sound of the musical instrument arranged
(displayed) at the right side viewed from the player and
at the position closer to a right end of the game screen
is executed in a step S111, and the processing proceeds
to the step S113. Then, in the step S113, the buffer is
cleared, and in a step S115, the rightward 1 flag or the
rightward 2 flag is turned off, and the processing is re-
turned to the music performance processing.
[0127] Note that although not shown, similarly in the
left direction, by setting two threshold values, it is accu-
rately determined which of the two musical instruments
(A and B in the example shown in Figure 17) is hit, and
the processing of outputting the sound of the musical
instrument thus hit can be executed.
[0128] In addition, by arranging three or more musical
instruments in the vertical direction also, it is accurately
determined which of the musical instruments is hit, thus
making it possible to ring the sound of the hit musical
instrument. As being explained in the aforementioned
embodiment, in the vertical direction, by the value of the
acceleration az in the z-axial direction at the time of end
of the swinging motion, the posture of the controller 22,
i.e. the stop state thereof is determined, thereby also de-
termining which of the musical instruments is hit. There-
fore, the threshold value for determining the stop state
of the controller 22 may be set in accordance with the
number of the musical instruments to be displayed.
[0129] For example, as shown in Figure 20, when three
musical instruments A, B, C are vertically arranged (dis-
played), two threshold values are set. Specifically, as
shown in Figure 20 (I), a threshold value m (-0.75g) and
a threshold value n (0.75g) are set. However, in Figure
20, a detection range of the acceleration az is set from
-2.25g to 2.25g. This is because, as shown in Figure 20

(I), the range of the acceleration az for determining the
musical instruments A, B, C must be made equal. Ac-
cordingly, as shown in Figure 16, when the determination
in the step S69 shows "YES" to ring the sound of the
musical instrument, the acceleration az is detected and
by using two threshold values m and n, which of the mu-
sical instruments A, B, C is hit is determined. Specifically,
when the acceleration az is equal to the threshold value
m or smaller, it is so determined that the musical instru-
ment A is hit. Also, when the acceleration az is equal to
the threshold value m or greater and equal to the thresh-
old value n or smaller, it is so determined that the musical
instrument B is hit. Further, when the acceleration az is
greater than the threshold value n, it is so judged that the
musical instrument C is hit.
[0130] In this way, in regard to the swinging motion in
the lateral direction, it is possible to determine the swing-
ing direction and the hit musical instrument, based on
the acceleration in the direction of one axis (e.g. x-axis).
Also, in regard to the swinging motion in the vertical di-
rection, it is possible to determine the downward swinging
motion based on the acceleration in the direction of one
of the two axes (for example, y-axis) for the swinging
motion in the vertical direction, and after the swinging
motion is ended, based on the acceleration in the direc-
tion of the other one axis (for example z-axis), it is pos-
sible to determine the hit musical instrument.
[0131] Further, although a detailed explanation is omit-
ted, for example, in a game such as outputting the sound
by hitting the musical instrument instructed by a video
game apparatus, it is possible to change the threshold
value each time the musical instrument is hit, to accu-
rately determine whether or not the musical instrument
to be hit this time is really hit. For example, in a scene
where the musical instrument A is hit, as shown in Figure
20 (II), for example, the threshold value m is set
(changed) to -0.5g. Namely, the range of the acceleration
az whereby the musical instrument A is determined to be
hit, is made large. Also, in the scene where the musical
instrument B is hit, as shown in Figure 20 (III), the thresh-
old value m is set to -1.0g, and the threshold value n is
set to 1.0g. Namely, the range of the acceleration az
whereby the musical instrument B is determined to be
hit, is made large. In addition, in a scene where the mu-
sical instrument C is hit, as shown in Figure 20 (IV), the
threshold value n is set (changed) to 0.5g. Namely, the
range of the acceleration az whereby the musical instru-
ment C is determined to be hit, is made large.
[0132] In this way, when the threshold value is variably
set, the musical instrument hit by the player can be ac-
curately determined, even when a relatively many musi-
cal instruments are displayed.
[0133] Although the present invention has been de-
scribed and illustrated in detail, it is clearly understood
that the same is by way of illustration and example only
and is not to be taken by way of limitation, the scope of
the present invention being limited only by the terms of
the appended claims.
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Claims

1. A storage medium storing a sound output program
of a sound output apparatus (12) having an operating
means (22) including an acceleration sensor (74),
wherein said sound output program causes a proc-
essor (36) of said sound output apparatus (12) to
function as the following means:

a swinging motion detection means (36, S23,
S43, S61, S63, S65, S67, S69, S95, S99) for
detecting a swinging motion of said operating
means (22) based on an output of said acceler-
ation sensor (74);
a swinging motion end determination means
(36, S27, S47, S69, S105) for determining an
end of a swinging motion; and
a sound output means (36, S29, S49, S73, S75,
S109, S111) for outputting sound based on tone
data stored in a storage means (18, 30), char-
acterized in that
a peak in the output of the acceleration sensor
(74) is deemed to indicate an end in a swinging
motion;
said swinging motion detection means (36, S23,
S43, S61, S63, S65, S67, S69, S95, S99) is
adapted to determine the start of a downward
swinging motion of said operating means (22)
based on the detection of a first peak in the out-
put of said acceleration sensor (74);
said swinging motion end determination means
(36, S27, S47, S69, S105) is adapted to deter-
mine an end of said downward swinging motion
based on detection of a subsequent peak in the
output of said acceleration sensor (74), after the
start of a downward swinging motion is deter-
mined by said swinging motion detection means
(36, S23, S43, S61, S63, S65, S67, S69, S95,
S99); and
said sound output program causes said proces-
sor (36) to additionally function as a swing di-
rection determining means (36, S7) for deter-
mining a direction of swing of said operating
means (22) based on the output of said accel-
eration sensor (74), when said swinging motion
end determination means (36, S27, S47, S69,
S105) so determines that the swinging motion
is ended, wherein the sound output by the sound
output means (36, S29, S49, S73, S75, S109,
S111) is based on tone data according to the
direction of swing determined by said swing di-
rection determining means (36, S7).

2. A storage medium storing a sound output program
according to claim 1, wherein
said acceleration sensor (74) serves as a multiaxial
acceleration sensor;
said swing direction determining means (36, S7) is

adapted to determine a direction of said swinging
motion based on an acceleration in directions of two
axes of said multiaxial acceleration sensor (74);
said swing direction determining means (36, S7) in-
cludes a vertical directional inclination detection
means (36, S7) for detecting an inclination of said
operating means (22) to a horizontal surface in a
vertical direction based on the acceleration in the
direction of an axis perpendicularly crossing said two
axes, when a determination result of said direction
determining means (36, S7) shows the vertical di-
rection; and
said sound output means (36, S29, S49, S73, S75,
S109, S111) reads from the storage means (18, 30)
the tone data in accordance with a position in the
vertical direction following the inclination detected
by said vertical directional inclination detection
means (36, S7).

3. A storage medium storing a sound output program
according to claim 1, wherein when a determination
result of said swing direction determining means (36,
S21, S23, S25, S41, S43, S45, S61, S63, S65, S67,
S69) shows a right direction, said sound output
means (36, S29, S49, S73, S75, S109, S111) reads
the tone data from the storage means (18, 30) in
accordance with the right direction, and when the
determination result of said swing direction deter-
mining means (36, S21, S23, S25, S41, S43, S45,
S61, S63, S65, S67, S69) shows a left direction, said
sound output means (36, S29, S49, S73, S75, S109,
S111) reads the tone data from the storage means
(18, 30) in accordance with the left direction.

4. A storage medium storing a sound output program
according to claim 2, wherein
said sound output apparatus (12) further comprises
a display means (34);
said sound output program causes said processor
(36) to function as a guidance screen display means
for displaying on said display means(34) a guidance
screen for guiding said swinging motion; and
a direction shown by a determination result of said
swing direction determining means (36, S21, S23,
S25, S41, S43, S45, S61, S63, S65, S67, S69) cor-
responds to the direction in said guidance screen.

5. A sound output apparatus having an operating
means (22) including an acceleration sensor (74),
comprising:

a swinging motion detection means (36, S23,
S43, S61, S63, S65, S67, S69, S95, S99) for
detecting a swinging motion of said operating
means (22) based on an output of said acceler-
ation sensor (74);
a swinging motion end determination means
(36, S27, S47, S69, S105) for determining an
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end of a swinging motion; and
a sound output means (36, S29, S49, S73, S75,
S109, S111) for outputting sound based on tone
data stored in a storage means (18, 30), char-
acterized in that
a peak in the output of the acceleration sensor
(74) is deemed to indicate an end in a swinging
motion;
said swinging motion detection means (36, S27,
S47, S69, S105) is adapted to determine the
start of a downward swinging motion of said op-
erating means (22) based on the detection of a
first peak in the output of said acceleration sen-
sor (74);
said swinging motion end determination means
(36, S27, S47, S69, S105) is adapted to deter-
mine an end of said downward swinging motion
based on detection of a further peak in the output
of said acceleration sensor (74), after the start
of a downward swinging motion is determined
by said swinging motion detection means (36,
S23, S43, S61, S63, S65, S67, S69, S95, S99);
and
said sound output program causes said proces-
sor (36) to additionally function as a swing di-
rection determining means (36, S7) for deter-
mining a direction of swing of said operating
means (22) based on the output of said accel-
eration sensor (74), when said swinging motion
end determination means (36, S27, S47, S69,
S105) so determines that the swinging motion
is ended, wherein the sound output by the sound
output means (36, S29, S49, S73, S75, S109,
S111) is based on tone data according to the
direction of swing determined by said swing di-
rection determining means (36, S7).

6. A sound output control method of a sound output
apparatus (12) having an operating means (22) in-
cluding an acceleration sensor (74), comprising the
steps of:

(a) detecting a swinging motion (S23, S43, S61,
S63, S65, S67, S69, S95, S99) of said operating
means (22) based on an output of said acceler-
ation sensor (74);
(b) determining whether or not said swinging
motion is ended (S27, S47, S69, S105) after the
swinging motion is detected by said step (a); and
(c) outputting sound (36, S29, S49, S73, S75,
S109, S111) based on tone data stored in a stor-
age means (18, 30), characterized by:

a peak in the output of the acceleration sen-
sor (74) is deemed to indicate an end in a
swinging motion;
said step of detecting swinging motion (S23,
S43, S61, S63, S65, S67, S69, S95, S99)

includes determining the start of a down-
ward swinging motion of said operating
means (22) based on the detection of a first
peak in the output of said acceleration sen-
sor (74);
said step of determining whether or not said
swinging motion is ended (S27, S47, S69,
S105) includes determining an end of said
swinging motion based on detection of a fur-
ther peak in the output of said acceleration
sensor (74), after the start of a downward
swinging motion is determined; and said
method further including the step of:

determining a swing motion direction
(36, S7) of said operating means (22)
based on the output of said accelera-
tion sensor (74), when an end of down-
ward swinging motion is determined,
wherein the output sound is based on
tone data according to the determined
direction of swing.

Patentansprüche

1. Speichermedium, das ein Tonausgabeprogramm ei-
ner Tonausgabevorrichtung (12) speichert, die ein
Betriebsmittel (22) aufweist, welches einen Be-
schleunigungssensor (74) beinhaltet, wobei das
Tonausgabeprogramm einen Prozessor (36) der
Tonausgabevorrichtung (12) veranlasst, als die fol-
genden Mittel zu funktionieren:

ein Schwingbewegungserkennungsmittel (36,
S23, S43, S61, S63, S65, S67, S69, S95, S99)
zum Erkennen einer Schwingbewegung des Be-
triebsmittels (22) auf der Grundlage einer Aus-
gabe des Beschleunigungssensors (74);
ein Schwingbewegungsendbestimmungsmittel
(36, S27, S47, S69, S105) zum Bestimmen ei-
nes Endes einer Schwingbewegung; und
ein Tonausgabemittel (36, S29, S49, S73, S75,
S109, S111) zum Ausgeben von Ton auf der
Grundlage von Klangdaten, die in einem Spei-
chermittel (18, 30) gespeichert sind, dadurch
gekennzeichnet, dass
eine Spitze in der Ausgabe des Beschleuni-
gungssensors (74) als ein Ende einer Schwing-
bewegung angebend betrachtet wird;
das Schwingbewegungserkennungsmittel (36,
S23, S43, S61, S63, S65, S67, S69, S95, S99)
eingerichtet ist, um den Beginn einer nach unten
gerichteten Schwingbewegung des Betriebs-
mittels (22) auf der Grundlage der Erkennung
einer ersten Spitze in der Ausgabe des Be-
schleunigungssensors (74) zu bestimmen;
das Schwingbewegungsendbestimmungsmittel
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(36, S27, S47, S69, S105) eingerichtet ist, um
ein Ende der nach unten gerichteten Schwing-
bewegung auf der Grundlage von Erkennung ei-
ner nachfolgenden Spitze in der Ausgabe des
Beschleunigungssensors (74) zu bestimmen,
nachdem der Beginn einer Schwingbewegung
nach unten durch das Schwingbewegungser-
kennungsmittel (36, S23, S43, S61, S63, S65,
S67, S69, S95, S99) bestimmt wird; und
das Tonausgabeprogramm den Prozessor (36)
veranlasst zusätzlich als ein Schwingrichtungs-
bestimmungsmittel (36, S7) zu funktionieren
zum Bestimmen einer Schwingrichtung des Be-
triebsmittels (22) auf der Grundlage der Ausga-
be des Beschleunigungssensors (74), wenn das
Schwingbewegungsendbestimmungsmittel
(36, S27, S47, S69, S105) so bestimmt, dass
die Schwingbewegung beendet worden ist, wo-
bei die Tonausgabe durch das Tonausgabemit-
tel (36, S29, S49, S73, S75, S109, S111) auf
Klangdaten basiert ist gemäß der Schwingrich-
tung, die durch das Schwingrichtungsbestim-
mungsmittel (36, S7) bestimmt worden ist.

2. Speichermedium, das ein Tonausgabeprogramm
gemäß Anspruch 1 speichert, wobei
der Beschleunigungssensor (74) als ein mehrachsi-
ger Beschleunigungssensor dient;
das Schwingrichtungsbestimmungsmittel (36, S7)
eingerichtet ist, um eine Richtung der Schwingbe-
wegung auf der Grundlage einer Beschleunigung in
Richtungen von zwei Achsen des mehrachsigen Be-
schleunigungssensors (74) zu bestimmen;
das Schwingrichtungsbestimmungsmittel (36, S7)
ein vertikales, gerichtetes Neigungserkennungsmit-
tel (36, S7) beinhaltet zum Erkennen einer Neigung
des Betriebsmittels (22) zu einer horizontalen Ober-
fläche in einer vertikalen Richtung auf der Grundlage
der Beschleunigung in die Richtung einer Achse, die
die zwei Achsen rechtwinklig kreuzt, wenn ein Be-
stimmungsergebnis des Richtungsbestimmungs-
mittels (36, S7) die Vertikalrichtung zeigt; und
das Tonausgabemittel (36, S29, S49, S73, S75,
S109, S111) aus dem Speichermittel (18, 30) die
Klangdaten in Übereinstimmung mit einer Position
in der vertikalen Richtung ausliest, die der Neigung
folgt, die von dem vertikalen, gerichteten Neigungs-
erkennungsmittel (36, S7) erkannt worden ist.

3. Speichermedium, das ein Tonausgabeprogramm
gemäß Anspruch 1 speichert, wobei, wenn ein Be-
stimmungsergebnis des Schwingrichtungsbestim-
mungsmittels (36, S21, S23, S25, S41, S43, S45,
S61, S63, S65, S67, S69) eine rechte Richtung an-
zeigt, das Tonausgabemittel (36, S29, S49, S73,
S75, S109, S111) die Klangdaten aus dem Speicher-
mittel (18, 30) in Übereinstimmung mit der rechten
Richtung ausliest, und wenn das Bestimmungser-

gebnis des Schwingrichtungsbestimmungsmittels
(36, S21, S23, S25, S41, S43, S45, S61, S63, S65,
S67, S69) eine linke Richtung zeigt, das Tonausga-
bemittel (36, S29, S49, S73, S75, S109, S111) die
Klangdaten aus dem Speichermittel (18, 30) in Über-
einstimmung mit der linken Richtung ausliest.

4. Speichermedium, welches ein Tonausgabepro-
gramm gemäß Anspruch 2 speichert, wobei
die Tonausgabevorrichtung (12) weiter ein Anzeige-
mittel (34) umfasst;
das Tonausgabeprogramm den Prozessor (36) ver-
anlasst, als ein Führungsbildschirmanzeigemittel
zum Anzeigen eines Führungsbildschirms zum Füh-
ren der Schwingbewegung auf dem Anzeigemittel
(34) zu funktionieren; und
eine Richtung, die von einem Bestimmungsergebnis
des Schwingrichtungsbestimmungsmittels (36, S21,
S23, S25, S41, S43, S45, S61, S63, S65, S67, S69)
angezeigt wird, der Richtung in dem Führungsbild-
schirm entspricht.

5. Tonausgabevorrichtung, die ein Betriebsmittel (22)
aufweist, das einen Beschleunigungssensor (74) be-
inhaltet, umfassend:

ein Schwingbewegungserkennungsmittel (36,
S23, S43, S61, S63, S65, S67, S69, S95, S99)
zum Erkennen einer Schwingbewegung des Be-
triebsmittels (22) auf der Grundlage einer Aus-
gabe des Beschleunigungssensors (74);
ein Schwingbewegungsendbestimmungsmittel
(36, S27, S47, S69, S105) zum Bestimmen ei-
nes Endes einer Schwingbewegung; und
ein Tonausgabemittel (36, S29, S49, S73, S75,
S109, S111) zum Ausgeben von Ton auf der
Grundlage von Klangdaten, die in einem Spei-
chermittel (18, 30) gespeichert sind, dadurch
gekennzeichnet, dass
eine Spitze in der Ausgabe des Beschleuni-
gungssensors (74) als ein Ende einer Schwing-
bewegung angebend betrachtet wird;
das Schwingbewegungserkennungsmittel (36,
S27, S47, S69, S105) eingerichtet ist, um den
Beginn einer nach unten gerichteten Schwing-
bewegung des Betriebsmittels (22) auf der
Grundlage der Erkennung einer ersten Spitze in
der Ausgabe des Beschleunigungssensors (74)
zu bestimmen;
das Schwingbewegungsendbestimmungsmittel
(36, S27, S47, S69, S105) eingerichtet ist, um
ein Ende der nach unten gerichteten Schwing-
bewegung auf der Grundlage von Erkennung ei-
ner weiteren Spitze in der Ausgabe des Be-
schleunigungssensors (74) zu bestimmen,
nachdem der Beginn einer Schwingbewegung
nach unten durch das Schwingbewegungser-
kennungsmittel (36, S23, S43, S61, S63, S65,
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S67, S69, S95, S99) bestimmt wird; und
das Tonausgabeprogramm den Prozessor (36)
veranlasst zusätzlich als ein Schwingrichtungs-
bestimmungsmittel (36, S7) zu funktionieren
zum Bestimmen einer Schwingrichtung des Be-
triebsmittels (22) auf der Grundlage der Ausga-
be des Beschleunigungssensors (74), wenn das
Schwingbewegungsendbestimmungsmittel
(36, S27, S47, S69, S105) so bestimmt, dass
die Schwingbewegung beendet worden ist, wo-
bei die Tonausgabe durch das Tonausgabemit-
tel (36, S29, S49, S73, S75, S109, S111) auf
Klangdaten basiert ist gemäß der Schwingrich-
tung, die durch das Schwingrichtungsbestim-
mungsmittel (36, S7) bestimmt worden ist.

6. Tonausgabesteuerverfahren einer Tonausgabevor-
richtung (12), die ein Betriebsmittel (22) aufweist,
welches einen Beschleunigungssensor (74) bein-
haltet, die Schritte umfassend von:

(a) Erkennen einer Schwingbewegung (S23,
S43, S61, S63, S65, S67, S69, S95, S99) des
Betriebsmittels (22) auf der Grundlage einer
Ausgabe des Beschleunigungssensors (74);
(b) Bestimmen, ob die Schwingbewegung be-
endet worden ist oder nicht (S27, S47, S69,
S105) nachdem die Schwingbewegung durch
Schritt (a) erkannt worden ist; und
(c) Ausgeben von Ton (36, S29, S49, S73, S79,
S109, S111) auf der Grundlage von Klangdaten,
die in einem Speichermittel (18, 30) gespeichert
sind, gekennzeichnet durch:

eine Spitze in der Ausgabe des Beschleu-
nigungssensors (74) wird betrachtet als ein
Ende einer Schwingbewegung angebend;
der Schritt des Erkennens von Schwingbe-
wegung (S23, S43, S61, S63, S65, S67,
S69, S95, S99) beinhaltet ein Bestimmen
des Beginns einer nach unten gerichteten
Schwingbewegung des Betriebsmittels (22)
auf der Grundlage der Erkennung einer ers-
ten Spitze in der Ausgabe des Beschleuni-
gungssensors (74);
der Schritt des Bestimmens, ob die
Schwingbewegung beendet worden ist
oder nicht (S27, S47, S69, S105) beinhaltet
ein Bestimmen eines Endes der Schwing-
bewegung auf der Grundlage einer Erken-
nung einer weiteren Spitze in der Ausgabe
des Beschleunigungssensors (74), nach-
dem der Beginn einer nach unten gerichte-
ten Schwingbewegung bestimmt worden
ist; und wobei das Verfahren weiter den
Schritt beinhaltet von:

Bestimmen einer Schwingbewegungs-

richtung (36, S7) des Betriebsmittels
(22) auf der Grundlage der Ausgabe
des Beschleunigungssensors (74),
wenn ein Ende einer nach unten gerich-
teten Schwingbewegung bestimmt
wird, wobei der ausgegebene Ton auf
Klangdaten gemäß der bestimmten
Schwingrichtung basiert ist.

Revendications

1. Un support de stockage stockant un programme de
sortie audio d’un équipement de sortie audio (12)
possédant un moyen d’actionnement (22) compre-
nant un capteur d’accélération (74), dans lequel ledit
programme de sortie audio fait en sorte qu’un pro-
cesseur (36) dudit équipement de sortie audio (12)
fonctionne à la manière des moyens suivants:

un moyen de détection de mouvement de ba-
lancement (36, S23, S43, S61, S63, S65, S67,
S69, S95, S99) pour la détection d’un mouve-
ment de balancement dudit moyen d’actionne-
ment (22) sur la base d’une sortie dudit capteur
d’accélération (74);
un moyen de détermination de fin de mouve-
ment de balancement (36, S27, S47, S69, S105)
pour la détermination d’une fin de mouvement
de balancement; et
un moyen de sortie audio (36, S29, S49, S73,
S75, S109, S111) pour délivrer une sortie audio
sur la base de données de tonalité stockées
dans un moyen de stockage (18, 30), caracté-
risé en ce que:

un pic de la sortie du capteur d’accélération
(74) est censé indiquer une fin d’un mouve-
ment de balancement;
ledit moyen de détection de mouvement de
balancement (36, S23, S43, S61, S63, S65,
S67, S69, S95, S99) est apte à déterminer
le début d’un mouvement de balancement
vers le bas dudit moyen d’actionnement
(22) sur la base de la détection d’un premier
pic de la sortie dudit capteur d’accélération
(74);
ledit moyen de détermination de fin de mou-
vement de balancement (36, S27, S47,
S69, S105) est apte à déterminer une fin
dudit mouvement de balancement vers le
bas sur la base de la détection d’un pic sui-
vant de la sortie dudit capteur d’accélération
(74), après que le début d’un mouvement
de balancement vers le bas a été déterminé
par ledit moyen de détection de mouvement
de balancement (36, S23, S43, S61, S63,
S65, S67, S69, S95, S99); et

35 36 



EP 1 850 319 B1

20

5

10

15

20

25

30

35

40

45

50

55

ledit programme de sortie audio fait en sorte
que ledit processeur (36) fonctionne en
outre en tant que moyen de détermination
de direction de balancement (36, S7) pour
la détermination d’une direction de balan-
cement dudit moyen d’actionnement (22)
sur la base de la sortie dudit capteur d’ac-
célération (74), lorsque ledit moyen de dé-
termination de fin de mouvement de balan-
cement (36, S27, S47, S69, S105) détermi-
ne ainsi que le mouvement de balancement
a pris fin, la sortie audio par le moyen de
sortie audio (36, S29, S49, S73, S75, S109,
S111) étant basée sur des données de to-
nalité en fonction de la direction de balan-
cement déterminée par ledit moyen de dé-
termination de direction de balancement
(36, S7).

2. Un support de stockage stockant un programme de
sortie audio selon la revendication 1, dans lequel:

ledit capteur d’accélération (74) fait fonction de
capteur d’accélération multiaxial;
ledit mouvement de détermination de direction
de balancement (36, S7) est apte à déterminer
une direction dudit mouvement de balancement
sur la base d’une accélération dans des direc-
tions de deux axes dudit capteur d’accélération
multiaxial (74);
ledit moyen de détermination de direction de ba-
lancement (36, S7) comprend un moyen de dé-
tection d’inclinaison en direction verticale (36,
S7) pour détecter une inclinaison dudit moyen
d’actionnement (22) par rapport à une surface
horizontale dans une direction verticale sur la
base de l’accélération dans la direction d’un axe
intersectant perpendiculairement lesdits deux
axes, lorsqu’un résultat de détermination dudit
moyen de détermination de direction (36, S7)
montre la direction verticale; et
ledit moyen de sortie audio (36, S29, S49, S73,
S75, S109, S111) lit dans le moyen de stockage
(18, 30) les données de tonalité en fonction
d’une position en direction verticale suivant l’in-
clinaison détectée par ledit moyen de détection
d’inclinaison en direction verticale (36, S7).

3. Un support de stockage stockant un programme de
sortie audio selon la revendication 1, dans lequel
lorsqu’un résultat de détermination dudit moyen de
détermination de direction de balancement (36, S21,
S23, S25, S41, S43, S45, S61, S63, S65, S67, S69)
montre une direction vers la droite, ledit moyen de
sortie audio (36, S29, S49, S73, S75, S109, S111)
lit les données de tonalité dans les moyens de stoc-
kage (18, 30) en fonction de la direction à droite, et
lorsque le résultat de la détermination desdits

moyens de détermination de direction de balance-
ment (36S21) montre une direction vers la gauche,
lesdits moyens de sortie audio (36, S29, S49, S73,
S75, S109, S111) lisent les données de tonalité dans
les moyens de stockage (18, 30) en fonction de la
direction vers la gauche.

4. Un support de stockage stockant un programme de
sortie audio selon la revendication 2, dans lequel:

ledit équipement de sortie audio (12) comprend
en outre un moyen d’affichage (34);
ledit programme de sortie audio fait en sorte que
ledit processeur (36) fonctionne en tant que
moyen d’affichage d’écran de guidage pour af-
ficher sur ledit moyen d’affichage (34) un écran
d’affichage pour guider ledit mouvement de ba-
lancement;
et
une direction montrée par un résultat de déter-
mination dudit moyen de détermination de di-
rection de balancement (36, S21, S23, S25,
S41, S43, S45, S61, S63, S65, S67, S69) cor-
respond à la direction dans ledit écran de gui-
dage.

5. Un équipement de sortie audio possédant un moyen
d’actionnement (22) comprenant un capteur d’accé-
lération (74), comprenant:

un moyen de détection de mouvement de ba-
lancement (36, S23, S43, S61, S63, S65, S67,
S69, S95, S99) pour la détection d’un mouve-
ment de balancement dudit moyen d’actionne-
ment (22) sur la base d’une sortie dudit capteur
d’accélération (74);
un moyen de détermination de fin de mouve-
ment de balancement (36, S27, S47, S69, S105)
pour la détermination d’une fin de mouvement
de balancement; et
un moyen de sortie audio (36, S29, S49, S73,
S75, S109, S111) pour délivrer une sortie audio
sur la base de données de tonalité stockées
dans un moyen de stockage (18, 30), caracté-
risé en ce que:

un pic de la sortie du capteur d’accélération
(74) est censé indiquer une fin d’un mouve-
ment de balancement;
ledit moyen de détection de mouvement de
balancement (36, S23, S43, S61, S63, S65,
S67, S69, S95, S99) est apte à déterminer
le début d’un mouvement de balancement
vers le bas dudit moyen d’actionnement
(22) sur la base de la détection d’un premier
pic de la sortie dudit capteur d’accélération
(74);
ledit moyen de détermination de fin de mou-
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vement de balancement (36, S27, S47,
S69, S105) est apte à déterminer une fin
dudit mouvement de balancement vers le
bas sur la base de la détection d’un pic sui-
vant de la sortie dudit capteur d’accélération
(74), après que le début d’un mouvement
de balancement vers le bas a été déterminé
par ledit moyen de détection de mouvement
de balancement (36, S23, S43, S61, S63,
S65, S67, S69, S95, S99); et
ledit programme de sortie audio fait en sorte
que ledit processeur (36) fonctionne en
outre en tant que moyen de détermination
de direction de balancement (36, S7) pour
la détermination d’une direction de balan-
cement dudit moyen d’actionnement (22)
sur la base de la sortie dudit capteur d’ac-
célération (74), lorsque ledit moyen de dé-
termination de fin de mouvement de balan-
cement (36, S27, S47, S69, S105) détermi-
ne ainsi que le mouvement de balancement
a pris fin, la sortie audio par le moyen de
sortie audio (36, S29, S49, S73, S75, S109,
S111) étant basée sur des données de to-
nalité en fonction de la direction de balan-
cement déterminée par ledit moyen de dé-
termination de direction de balancement
(36, S7).

6. Un procédé de contrôle de sortie audio d’un équipe-
ment de sortie audio (12) possédant un moyen d’ac-
tionnement (22) comprenant un capteur d’accéléra-
tion (74), comprenant les étapes suivantes:

(a) détection d’un mouvement de balancement
(S23, S43, S61, S63, S65, S67, S69, S95, S99)
dudit moyen d’actionnement (22) sur la base
d’une sortie dudit capteur d’accélération (74);
(b) détermination si ledit mouvement de balan-
cement a ou non pris fin (S27, S47, S69, S105)
après que le mouvement de balancement a été
détecté à ladite étape a); et
(c) délivrance d’une sortie audio (36, S29, S49,
S73, S75, S109, S111) sur la base de données
de tonalité stockées dans un moyen de stockage
(18, 30), caractérisé par le fait que:

un pic de la sortie du capteur d’accélération
(74) est censé indiquer une fin d’un mouve-
ment de balancement;
ladite étape de détection d’un mouvement
de balancement (S23, S43, S61, S63, S65,
S67, S69, S95, S99) comprend la détermi-
nation du début d’un mouvement de balan-
cement vers le bas dudit moyen d’actionne-
ment (22) sur la base de la détection d’un
premier pic de la sortie dudit capteur d’ac-
célération (74);

ladite étape de détermination si ledit mou-
vement de balancement a ou non pris fin
(S27, S47, S69, S105) comprend la déter-
mination d’une fin dudit mouvement de ba-
lancement sur la base de la détection d’un
autre pic de la sortie dudit capteur d’accé-
lération (74), après que le début d’un mou-
vement de balancement vers le bas a été
déterminé; et ledit procédé comprend en
outre l’étape de:

détermination d’une direction de mou-
vement de balancement (36, S7) dudit
moyen d’actionnement (22) sur la base
de la sortie dudit capteur d’accélération
(74), lorsqu’une fin d’un mouvement de
balancement vers le bas est détermi-
née, la sortie audio étant basée sur des
données de tonalité en fonction de la
direction de balancement déterminée.
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