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7) ABSTRACT

An example system includes a physiological sensor for gen-
erating physiological data associated with a user bearing the
physiological sensor. The physiological sensor is configured
to wirelessly communicate the physiological data. A portable
device includes a touch input device; an accelerometer for
generating accelerometer data indicative of activity of the
user; wireless communication circuitry for receiving the
physiological data; memory for storing the accelerometer
data and the physiological sensor data; and a vibrator for
providing tactile output to the user. The wireless communi-
cation circuitry transmits the physiological data and the
accelerometer data to a computer device for use in a presen-
tation application.
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STORAGE MEDIUM HAVING STORED
THEREON INFORMATION PROCESSING
PROGRAM, AND INFORMATION
PROCESSING DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 12/559,667, filed Sep. 15, 2009, which
claims priority to Japanese Patent Application No. 2009-
076919, filed Mar. 26, 2009. The entire contents of each of
these applications are hereby incorporated herein by refer-
ence.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to a storage medium

having stored thereon an information processing program and
an information processing device. More particularly, the
present invention relates to a storage medium having stored
thereon an information processing program and an informa-
tion processing device which perform predetermined presen-
tation based on a biological signal of the user.

[0004] 2. Description of the Background Art

[0005] For example, Takayuki HASEGAWA and Kiyoko
YOKOYAMA, “The Relaxation Biofeedback System With
Computer and Heart Rate Variability Interaction”, IEICE
technical report, ME and bio cybernetics, The Institute of
Electronics, Information and Communication Engineers, Vol.
103, No. 470, pp. 35-38, Nov. 20, 2003 (hereinafter referred
to as Non-Patent Document 1) proposes a biofeedback sys-
tem for stress management or relaxation treatment. The sys-
tem estimates and presents a relaxation level in real time
based on measured heart rate information of the user. More-
over, the system interacts with the user to improve a relax-
ation effect on the user, thereby providing a function of per-
forming biofeedback in a manner adapted for the individual
user.

[0006] In the biofeedback system described in Non-Patent
Document 1, a value (called a relaxation level) calculated
based on the heart rate information or the like of the user, is
represented by or reflected on a motion of a character or an
environment in a sandtray. The biofeedback system thereby
interacts with the user in a manner which improves the relax-
ation effect. However, this representation only visually pre-
sents the relaxation level to the user, so that the user can only
recognize a current relaxation level.

SUMMARY

[0007] Therefore, an object of the present invention is to
provide a storage medium having stored thereon an informa-
tion processing program and an information processing
device which perform predetermined presentation using a
current biological signal of the user and a current motion or
attitude of the user, thereby prompting the user to change their
state.

[0008] The present invention has the following features to
attain the object mentioned above. Note that reference numer-
als, additional descriptions and the like inside parentheses in
this section indicate correspondence to embodiments
described below for the sake of easy understanding, and do
not limit the present invention.

Dec. 31, 2015

[0009] A first aspect of the present invention is directed to
a computer readable storage medium having stored thereon
an information processing program executable by a computer
(10) of an information processing device (5) which presents
information corresponding to a biological signal (Dc)
acquired from a user. The information processing program
causes the computer to function as biological signal acquiring
means (a CPU 10 executing steps 42, 49, 82 and 84; herein-
after only step numbers are described), motion/attitude infor-
mation acquiring means (S84), and presentation means (544,
S46, S51, 852, S86, S90, S92, S104, S107 and S111). The
biological signal acquiring means acquires the biological sig-
nal from the user. The motion/attitude information acquiring
means acquires information about a motion or an attitude of
the user from detecting means (701), in association with the
biological signal acquired by the biological signal acquiring
means. The presentation means performs predetermined pre-
sentation based on both the biological signal acquired by the
biological signal acquiring means and the information
acquired by the motion/attitude information acquiring means.

[0010] In a second aspect based on the first aspect, the
information processing program causes the computer to fur-
ther function as motion determining means (S85). The motion
determining means determines a motion of an input device
(70) operated by the user, based on the information acquired
by the motion/attitude information acquiring means. The pre-
sentation means performs the presentation based on both the
biological signal acquired by the biological signal acquiring
means and the motion of the input device determined by the
motion determining means.

[0011] In a third aspect based on the first aspect, the infor-
mation processing program causes the computer to further
function as instruction means. The instruction means
instructs the user to take a predetermined motion or attitude.

[0012] In a fourth aspect based on the third aspect, the
presentation means performs the presentation based on both
the biological signal and the information acquired by the
motion/attitude information acquiring means, the biological
signal and the information being acquired when the instruc-
tion means performs instruction.

[0013] In a fifth aspect based on the third aspect, the infor-
mation processing program causes the computer to further
function as determination means. The determination means
determines whether or not the user is in the motion or attitude
which the instruction means instructs the user to take, based
on the information acquired by the motion/attitude informa-
tion acquiring means. The presentation means performs the
presentation based on the biological signal acquired by the
biological signal acquiring means, during or after the deter-
mination means determirnes that the user is in the motion or
attitude which the instruction means instructs the user to take.

[0014] In a sixth aspect based on the third aspect, the
instruction means instructs the user to take a motion or an
attitude which causes a predetermined biological signal to be
output.

[0015] In aseventh aspect based on the second aspect, the
presentation means performs presentation (a ceiling T and a
ground B) indicating an operation moving the input device
corresponding to a motion of the input device which can be
determined by the motion determining means.

[0016] In an eighth aspect based on the first aspect, the
presentation means performs presentation indicating a prede-
termined motion or attitude of the user, based on both the
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biological signal acquired by the biological signal acquiring
means and the information acquired by the motion/attitude
information acquiring means.

[0017] In a ninth aspect based on the eighth aspect, the
presentation means performs presentation indicating a
motion or an attitude causing a change in the biological sig-
nal, based on the biological signal acquired by the biological
signal acquiring means.

[0018] In a tenth aspect based on the first aspect, the bio-
logical signal acquiring means acquires as the biological sig-
nal a signal relating to pulsation or heartbeat of the user.
[0019] In an eleventh aspect based on the first aspect, the
biological signal acquiring means acquires as the biological
signal at least one selected from the group consisting of a
pulse wave, a heart rate, an activity level of the sympathetic
nervous system, an activity level of the parasympathetic ner-
vous system, a heart rate variance coefficient, a cardiac cycle,
a respiration frequency, and a pulse wave amplitude of the
user.

[0020] Ina twelfth aspect based on the eleventh aspect, the
biological signal acquiring means acquires at least the pulse
wave amplitude of the user. The presentation means deter-
mines a difficulty level of the user using a change in the pulse
wave amplitude of the user, and performs presentation indi-
cating a motion based on a result of the determination.
[0021] Inathirteenth aspect based on the second aspect, the
input device includes an acceleration sensor (701). The
motion determining means determines a motion of the input
device using an acceleration indicated by acceleration data
(Da) outputted from the acceleration sensor.

[0022] Inafourteenth aspect based on the thirteenth aspect,
the motion determining means determines a motion of the
input device based on an inclination of the input device with
reference to a direction of gravity, where the direction of
gravity is the acceleration indicated by the acceleration data
outputted from the acceleration sensor.

[0023] In a fifteenth aspect based on the second aspect, the
input device includes a gyro-sensor. The motion determining
means determines a motion of the input device using an
angular velocity indicated by angular velocity data outputted
from the gyro-sensor.

[0024] In a sixteenth aspect based on the first aspect, the
presentation means performs the presentation by displaying
on a display device (2) at least either of an image and char-
acters generated based on both the biological signal acquired
by the biological signal acquiring means and the information
acquired by the motion/attitude information acquiring means.
[0025] In a seventeenth aspect based on the sixteenth
aspect, the presentation means performs the presentation by
displaying on the display device an object (PC) generated
based on both the biological signal acquired by the biological
signal acquiring means and the information acquired by the
motion/attitude information acquiring means.

[0026] In an eighteenth aspect based on the first aspect, the
presentation means performs the presentation by controlling
a motion of a predetermined object displayed on a display
device, based on both the biological signal acquired by the
biological signal acquiring means and the information
acquired by the motion/attitude information acquiring means.
[0027] In a nineteenth aspect based on the eighteenth
aspect, the presentation means performs presentation in
which the object performs a first motion in a virtual world
based on the biological signal acquired by the biological
signal acquiring means, and performs presentation in which
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the object performs a second motion different from the first
motion in the virtual world based on the information acquired
by the motion/attitude information acquiring means.

[0028] Inatwentieth aspect based on the nineteenth aspect,
the presentation means moves at least a portion of the object
in the virtual world as one of the first and second motions, and
changes an attitude of the object in the virtual world as the
other of the first and second motions.

[0029] Inatwenty-first aspect based on the twelfth aspect,
the presentation means moves at least a portion of the object
in a predetermined first direction in the virtual world as one of
the first and second motions, and moves at least a portion of
the object in a predetermined second direction in the virtual
world as the other of the first and second motions.

[0030] In a twenty-second aspect based on the eighteenth
aspect, the information processing program causes the com-
puter to further function as object motion determining means.
The object motion determining means determines a motion of
the object in the virtual world.

[0031] Inatwenty-third aspect based on the twenty-second
aspect, the information processing program causes the com-
puter to further function as instruction means. The instruction
means instructs the user to take a predetermined motion or
attitude by causing a topographical object for designating a
motion of the object to appear in the virtual world. The object
motion determining means determines whether or not the
object contacts the topographical object.

[0032] In atwenty-fourth aspect based on the twenty-third
aspect, the instruction means changes the topographical
object, depending on the biological signal acquired by the
biological signal acquiring means.

[0033] In a twenty-fifth aspect based on the nineteenth
aspect, the presentation means moves at least a portion of the
object in a predetermined direction as the first motion,
depending on a biological signal relating to respiration of the
user acquired by the biological signal acquiring means.
[0034] In a twenty-sixth aspect based on the twenty-fifth
aspect, the presentation means performs the presentation by
further displaying on the display device an obstacle (ceiling
T) in the virtual world which limits a movement in the pre-
determined direction of the object, the objects rising and
falling based a respiration frequency of the user acquired
from the biological signal acquired by the biological signal
acquiring means. The information processing program
causes the computer to further function as assessment means
(5101 and S102). The assessment means degrades assess-
ment when the object contacts or overlaps the rising and
falling obstacle in the virtual world.

[0035] 1In atwenty-seventh aspect based on the nineteenth
aspect, the biological signal acquiring means acquires at least
a pulse wave amplitude of the user. The presentation means
performs the presentation by determining a difficulty level of
the user using a change in the pulse wave amplitude of the
user acquired by the biological signal acquiting means, and
when determining the user has difficulty, changing a way in
which the object is displayed.

[0036] In atwenty-eighth aspect based on the twenty-sev-
enth aspect, the presentation means changes and inclines an
attitude of the objectin the virtual world as the second motion
based on the information acquired by the motion/attitude
information acquiring means. The information processing
program causes the computer to further function as assess-
ment means. The assessment means degrades assessment
when the object contacts or overlaps an obstacle (ground B) in
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the virtual world, an inclination angle ofthe obstacle limiting
an inclining motion of the object in the virtual world. The
assessment means gradually increases and changes the incli-
nation angle of the obstacle with time, and when the presen-
tation means determines that the user has difficulty, stops
changing the inclination angle of the obstacle.

[0037] Inatwenty-ninth aspect based on the first aspect, the
presentation means performs the presentation by outputting
audio based on both the biological signal acquired by the
biological signal acquiring means and the information
acquired by the motion/attitude information acquiring means.
[0038] A thirtieth aspect is directed to an information pro-
cessing device for presenting information corresponding to a
biological signal acquired from a user. The information pro-
cessing device includes biological signal acquiring means,
motion/attitude information acquiring means, and presenta-
tion means. The biological signal acquiring means acquires
the biological signal from the user. The motion/attitude infor-
mation acquiring means acquires information about a motion
or an attitude of the user from detecting means, in association
with the biological signal acquired by the biological signal
acquiring means. The presentation means performs predeter-
mined presentation based on both the biological signal
acquired by the biological signal acquiring means and the
information acquired by the motion/attitude information
acquiring means.

[0039] According to the first aspect, predetermined presen-
tation is performed using not only a current user’s biological
signal, but also a current user’s motion or attitude. Therefore,
the user can recognize a state of their body to larger extent,
and a change in a state of the user’s body can be promoted by
combination of a user’s motion or attitude.

[0040] According to the second aspect, a current user’s
motion or attitude can be detected by the user moving the
input device.

[0041] According to the third aspect, the user can be caused
to take an appropriate motion or attitude.

[0042] According to the fourth aspect, presentation can be
performed based on information which is obtained when the
user takes an instructed motion or attitude.

[0043] According to the fifth aspect, a change in biological
signal caused by the user taking an instructed motion or
attitude can be presented.

[0044] According to the sixth aspect, it i3 possible to
instruct the user to take a motion or an attitude which gener-
ates an appropriate biological signal.

[0045] According to the seventh aspect, the user is
prompted to move the input device, and therefore, a change in
a state of the user’s body can be promoted by the user’s act of
moving the input device.

[0046] According to the eighth aspect, the user is prompted
to take a motion or an attitude based on a user’s biological
signal. Therefore, a change in a state of the user’s body
relating to the biological signal can be promoted by the user’s
motion or attitude.

[0047] According to the ninth aspect, the user can be
prompted to take a motion or an attitude which causes a
change in a user’s biological signal.

[0048] According to the tenth aspect, presentation relating
to a user’s pulse rate or heart rate can be performed.

[0049] According to the eleventh aspect, presentation can
be performed for the user using a pulse wave, a heart rate, an
activity level of the sympathetic nervous system, an activity

Dec. 31, 2015

level of the parasympathetic nervous system, a heart rate
variance coefficient, a cardiac cycle, a respiration frequency,
or a pulse wave amplitude.

[0050] According to the twelfth aspect, a difficulty level of
the user is determined. Therefore, it is possible to instruct the
user to take an appropriate motion or attitude based on a result
of the determination.

[0051] According to the thirteenth aspect, a motion of the
input device can be determined based on an acceleration
acting on the input device.

[0052] According to the fourteenth aspect, an inclination of
the input device can be determined with reference to a direc-
tion of gravity acting on the input device.

[0053] According to the fifteenth aspect, a motion of the
input device can be determined using rotation of the input
device.

[0054] According to the sixteenth aspect, an image or char-
acters are presented based on a user’s biological signal and a
user’s motion or attitude. Therefore, the user can recognize a
state of their body to larger extent, and a change in a state of
the user’s body can be promoted by combination of a user’s
motion or attitude.

[0055] According to the seventeenth and eighteenth
aspects, an object is presented based on a user’s biological
signal and a user’s motion or attitude in the virtual world.
Therefore, the user can recognize a state of their body to
larger extent, and a change in a state of the user’s body can be
promoted by combination of a user’s motion or attitude.
[0056] According to the nineteenth aspect, an object in the
virtual world performs different motions based on a user’s
biological signal and a user’s motion or attitude. Therefore,
the user can recognize and distinguish presentation based on
their biological signal from presentation based on their
motion or attitude. As a result, the user can move an object
based on their biological signal while moving the object
based on their motion or attitude.

[0057] According to the twentieth aspect, an object in the
virtual space can be inclined and a portion of the object is
moved based on a user’s motion or attitude and a user’s
biological signal.

[0058] According to the twenty-first aspect, an object in the
virtual world 1s moved in different directions based on a
user’s biological signal and a user’s motion or attitude. There-
fore, the user can recognize and distinguish presentation
based on their biological signal from presentation based on
their motion or attitude. As a result, the user can move an
object based on their biological signal while moving the
object based on their motion or attitude.

[0059] According to the twenty-second aspect, a motion of
an object can be used to assess a user’s biological signal or a
user’s motion or attitude.

[0060] According to the twenty-third aspect, an operation
depending on a topographical object is required. Therefore, a
state of the user’s body can be promoted by causing the user
to generate a biological signal corresponding to the operation,
perform a motion corresponding to the operation, or take an
attitude corresponding to the operation.

[0061] According to the twenty-fourth aspect, it is possible
to instruct the user to perform an appropriate operation based
on a user’s biological signal.

[0062] According to the twenty-fifth aspect, a portion of an
object can be moved in a predetermined direction based on
user’s respiration.
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[0063] According to the twenty-sixth aspect, the user has to
operate an object in amanner which allows the objectto avoid
an obstacle, and therefore, has to breathe in a manner which
allows the object to avoid the obstacle. On the other hand, a
shape of the obstacle is determined based on a user’s respi-
ration frequency. Therefore, it is possible to provide a shape
of the object which can gradually decrease the user’s respi-
ration frequency. It is also possible to provide a shape of the
object which can gradually increase the user’s respiration
frequency.

[0064] According to the twenty-seventh aspect, a difficulty
level of the user can be presented by a way in which an object
is displayed.

[0065] According to the twenty-eighth aspect, the user has
to operate an object in a manner which allows the object to
avoid an obstacle, and therefore, has to take a motion or
attitude which allows the object to avoid the obstacle. When
the user performs a motion corresponding to an inclination of
the obstacle, then if the user has difficulty in doing so, the
inclination of the obstacle is no longer changed. Therefore,
control can be performed, depending on the difficulty level of
the user.

[0066] According to the twenty-ninth aspect, audio is pre-
sented based on a user’s biological signal and a user’s motion
or attitude. Therefore, the user can recognize a state of their
body to larger extent, and a change in a state of the user’s body
can be promoted by combination of a user’s motion or atti-
tude.

[0067] According to the information processing device of
the present invention, effects similar to those of the aforemen-
tioned storage medium having stored thereon the information
processing program can be obtained.

[0068] These and other objects, features, aspects and
advantages of the present invention will become more appat-
ent from the following detailed description of the present
invention when taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0069] FIG.1 is an external view showing an example of a
game system 1 according to an embodiment of the present
invention;

[0070] FIG. 2 is a block diagram showing an example of a
game apparatus body 5 of FIG. 1;

[0071] FIG. 3 is an isometric view of a core unit 70 of FIG.
1 seen from a top rear side thereof;

[0072] FIG. 4 is an isometric view of the core unit 70 of
FIG. 3 seen from a bottom front side thereof;

[0073] FIG. 5 is an isometric view, showing that an upper
casing of the core unit 70 of FIG. 3 is removed,

[0074] FIG. 6 is an isometric view, showing that a lower
casing of the core unit 70 of FIG. 4 is removed,;

[0075] FIG. 7 is a block diagram showing an example of a
configuration of the core unit 70 of F1G. 3;

[0076] FIG. 8 is a block diagram showing an example of a
configuration of a vital sensor 76;

[0077] FIG. 9 is a diagram showing an example of pulse
wave information which is an example of biological informa-
tion outputted from the vital sensor 76;

[0078] FIG. 10 is a diagram showing an example of an
image displayed on a monitor 2;

[0079] FIG. 11 is a diagram showing an example of an
image displayed on the monitor 2;
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[0080] FIG. 12 is a diagram showing an example of an
image displayed on the monitor 2;

[0081] FIG. 13 is a diagram showing an example of an
image displayed on the monitor 2;

[0082] FIG. 14 is a diagram showing an example of an
image displayed on the monitor 2;

[0083] FIG. 15 is a diagram showing an example of an
image displayed on the monitor 2;

[0084] FIG. 16 is a diagram showing an example of an
image displayed on the monitor 2;

[0085] FIG. 17 is a diagram showing an example of an
image displayed on the monitor 2;

[0086] FIG. 18 is a diagram showing an example of an
image displayed on the monitor 2;

[0087] FIG. 19 is a diagram showing an example of main
data and a program stored in a main memory of the game
apparatus body 5;

[0088] FIG. 20 is a flowchart showing an example of infor-
mation processing executed in the game apparatus body 5;
[0089] FIG. 21 is a flowchart showing an example of an
operation in the first half of a stretch game process in step 48
of FIG. 20; and

[0090] FIG. 22 is a flowchart showing an example of an
operation in the second half of the stretch game process in
step 48 of FIG. 20.

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0091] Withreferenceto FIG. 1, an apparatus for executing
an information processing program according to an embodi-
ment of the present invention, will be described. Hereinafter,
in order to give a specific description, a description will be
given using a game system including a stationary game appa-
ratus body 5 that is an example of the above apparatus. FIG.
1is an external view showing an example of a game system 1
including a stationary game apparatus 3. FIG. 2 is a block
diagram showing an example of the game apparatus body 5.
The game system 1 will be described below.

[0092] As shown in FIG. 1, the game system 1 includes: a
home-use TV receiver 2 (hereinafter, referred to as a monitor
2) which is an example of display means; and the stationary
game apparatus 3 connected to the monitor 2 via a connection
cord. The monitor 2 has loudspeakers 2a for outputting, in the
form of sound, an audio signal outputted from the game
apparatus 3. The game apparatus 3 includes: an optical disc 4
storing a game program that is an example of an information
processing program of the present invention; the game appa-
ratus body 5 having a computer for executing the game pro-
gram of the optical disc 4 to cause the monitor 2 to output and
display a game screen; and a controller 7 for providing the
game apparatus body 5 with necessary operation information
for a game in which a character or the like displayed in the
game screen is controlled.

[0093] The game apparatus body 5 has a wireless controller
module 19 therein (see FIG. 2). The wireless controller mod-
ule 19 receives data wirelessly transmitted from the controller
7, and transmits data from the game apparatus body 5 to the
controller 7. In this manner, the controller 7 and the game
apparatus body 5 are connected by wireless communication.
Further, the optical disc 4 as an example of an exchangeable
information storage medium is detachably mounted on the
game apparatus body 5.

[0094] On the game apparatus body 5, a flash memory 17
(see FIG. 2) is mounted, the flash memory 17 acting as a
backup memory for fixedly storing such data as saved data.
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The game apparatus body 5 executes the game program or the
like stored on the optical disc 4, and displays a result thereof
as a game image on the monitor 2. The game program or the
like to be executed may be prestored not only on the optical
disc 4, but also in the flash memory 17. The game apparatus
body 5 canreproduce a state of the game played in the past, by
using the saved data stored in the flash memory 17, and
display a game image of the reproduced state on the monitor
2. A user of the game apparatus 3 can enjoy advancing in the
game by operating the controller 7 while watching the game
image displayed on the monitor 2.

[0095] By using the technology of, for example, Bluetooth
(registered trademark), the controller 7 wirelessly transmits
transmission data, such as operation information and biologi-
cal information, to the game apparatus body 5 having the
wireless controller module 19 therein. The controller 7
includes a core unit 70 and a vital sensor 76. The core unit 70
and the vital sensor 76 are connected to each other via a
flexible connection cable 79. The core unit 70 is operation
means mainly for controlling an object or the like displayed
on a display screen of the monitor 2. The vital sensor 76 is
attached to a user’s body (e.g., to the user’s finger). The vital
sensor obtains biological signals from the user, and sends
biological information to the core unit 70 via the connection
cable 79. The core unit 70 includes a housing, which is small
enough to be held by one hand, and a plurality of operation
buttons (including a cross key, a stick or the like) exposed at
a surface of the housing. As described later in detail, the core
unit 70 includes an imaging information calculation section
74 fortaking an image ofa view seen from the core unit 70. As
an example of imaging targets of the imaging information
calculation section 74, two LED modules 8L and 8R (here-
inafter, referred to as “markers 8L and 8R”) are provided in
the vicinity of the display screen of the monitor 2. These
markers 8L and 8R each output, for example, an infrared light
forward from the monitor 2. The controller 7 (e.g., the core
unit 70) is capable of receiving, via a communication section
75, transmission data wirelessly transmitted from the wire-
less controller module 19 of the game apparatus body 5, and
generating a sound or vibration based on the transmission
data.

[0096] Note that, in this example, the core unit 70 and the
vital sensor 76 are connected by the flexible connection cable
79. However, the connection cable 79 can be eliminated by
mounting a wireless unit on the vital sensor 76. For example,
by mounting a Bluetooth (registered trademark) unit on the
vital sensor 76 as a wireless unit, transmission of biological
information from the vital sensor 76 to the core unit 70 or to
the game apparatus body 5 is enabled. Further, the core unit
70 and the vital sensor 76 may be integrated, by fixedly
providing the vital sensor 76 on the core unit 70. In this case,
auser can use the vital sensor 76 integrated with the core unit
70.

[0097] Next, an internal configuration of the game appara-
tus body 5 will be described with reference to FIG. 2. FIG. 2
is a block diagram showing the internal configuration of the
game apparatus body 5. The game apparatus body 5 has a
CPU (Central Processing Unit) 10, a system LSI (Large Scale
Integration) 11, an external main memory 12, a ROM/RTC
(Read Only Memory/Real Time Clock) 13, a disc drive 14, an
AV-IC (Audio Video-Integrated Circuit) 15, and the like.
[0098] The CPU 10 performs game processing by execut-
ing the game program stored in the optical disc 4, and acts as
agame processor. The CPU 10 is connected to the system LSI
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11. In addition to the CPU 10, the external main memory 12,
the ROM/RTC 13, the disc drive 14 and the AV-IC 15 are
connected to the system LS111. The system LSI 11 performs
processing such as: controlling data transfer among compo-
nents connected to the system LSI 11; generating an image to
be displayed; obtaining data from external devices; and the
like. An internal configuration of the system LSI 11 will be
described later. The external main memory 12 that is a volatile
memory stores a program, for example, a game program
loaded from the optical disc 4, or a game program loaded from
the flash memory 17, and also stores various data. The exter-
nal main memory 12 is used as a work area or buffer area of
the CPU 10. The ROM/RTC 13 has a ROM in which a boot
program for the game apparatus body 5 is incorporated (so-
called a boot ROM), and has a clock circuit (RTC) which
counts the time. The disc drive 14 reads program data, texture
data and the like from the optical disc 4, and writes the read
data into a later-described internal main memory 35 or into
the external main memory 12.

[0099] On the system LSI 11, an input/output processor 31,
a GPU (Graphic Processor Unit) 32, a DSP (Digital Signal
Processor) 33, a VRAM (Video RAM) 34, and the internal
main memory 35 are provided. Although not shown, these
components 31 to 35 are connected to each other via an
internal bus.

[0100] The GPU 32 is a part of rendering means, and gen-
erates an image in accordance with a graphics command from
the CPU 10. The VRAM 34 stores necessary data for the GPU
32 to execute the graphics command (data such as polygon
data, texture data and the like). At the time of generating the
image, the GPU 32 uses the data stored in the VRAM 34,
thereby generating image data.

[0101] The DSP 33 acts as an audio processor, and gener-
ates audio data by using sound data and sound waveform
(tone) data stored in the internal main memory 35 and in the
external main memory 12.

[0102] The image data and the audio data generated in the
abovemanner areread by the AV-IC 15. The AV-IC 15 outputs
the read image data to the monitor 2 via the AV connector 16,
and outputs the read audio datato the loudspeakers 2a embed-
ded in the monitor 2. As a result, an image is displayed on the
monitor 2 and a sound is outputted from the loudspeakers 2a.
[0103] The input/output processor (I/O Processor) 31 pet-
forms, for example, data transmission/reception to/from
components connected thereto, and data downloading from
external devices. The input/output processor 31 is connected
to the flash memory 17, a wireless communication module
18, the wireless controller module 19, an expansion connec-
tor 20, and an external memory card connector 21. An antenna
22 is connected to the wireless communication module 18,
and an antenna 23 is connected to the wireless controller
module 19.

[0104] The input/output processor 31 is connected to a
network via the wireless communication module 18 and the
antenna 22 so as to be able to communicate with other game
apparatuses and various servers connected to the network.
The input/output processor 31 regularly accesses the flash
memory 17 to detect presence or absence of data that is
required to be transmitted to the network. If such data is
present, the data is transmitted to the network via the wireless
communication module 18 and the antenna 22. Also, the
input/output processor 31 receives, via the network, the
antenna 22 and the wireless communication module 18, data
transmitted from other game apparatuses or data downloaded
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from a download server, and stores the received data in the
flash memory 17. By executing the game program, the CPU
10 reads the data stored in the flash memory 17, and the game
program uses the read data. In addition to the data transmitted
and received between the game apparatus body 5 and other
game apparatuses or various servers, the flash memory 17
may store saved data of a game that is played using the game
apparatus body 5 (such as result data or progress data of the
game).

[0105] Further, the input/output processor 31 receives, via
the antenna 23 and the wireless controller module 19, opera-
tion data or the like transmitted from the controller 7, and
stores (temporarily) the operation data or the like in a buffer
area of the internal main memory 35 or of the external main
memory 12. Note that, similarly to the external main memory
12, the internal main memory 35 may store a program, for
example, a game program loaded from the optical disc 4 or a
game program loaded from the flash memory 17, and also
store various data. The internal main memory 35 may be used
as a work area or buffer area of the CPU 10.

[0106] In addition, the expansion connector 20 and the
external memory card connector 21 are connected to the
input/output processor 31. The expansion connector 20 is a
connector for such interface as USB, SCSI or the like. The
expansion connector 20, instead of the wireless communica-
tion module 18, is able to perform communication with a
network by being connected to such a medium as an external
storage medium, to such a peripheral device as another con-
troller, or to a connector for wired communication. The exter-
nal memory card connector 21 is a connector to be connected
to an external storage medium such as a memory card. For
example, the input/output processor 31 is able to access the
external storage medium via the expansion connector 20 or
the external memory card connector 21 to store or read data
from the external storage medium.

[0107] Onthe game apparatus body 5 (e.g., on a front main
surface thereof), a power button 24 of the game apparatus
body 5, a reset button 25 for resetting game processing, an
insertion slot for mounting the optical disc 4 in a detachable
manner, an eject button 26 for ejecting the optical disc 4 from
the insertion slot of the game apparatus body 5, and the like
are provided. The power button 24 and the reset button 25 are
connected to the system LSI11. When the power button 24 is
turned on, each component of the game apparatus body 5 is
supplied with power via an AC adaptor that is not shown.
When the reset button 25 is pressed, the system LSI 11 re-
executes the boot program of the game apparatus body 5. The
eject button 26 is connected to the disc drive 14. When the
eject button 26 is pressed, the optical disc 4 is ejected from the
disc drive 14.

[0108] Withreferenceto FIGS. 3 and 4, the core unit 70 will
be described. FIG. 3 is an isometric view of the core unit 70
seen from a top rear side thereof. FIG. 4 is an isometric view
of the core unit 70 seen from a bottom front side thereof.
[0109] Asshown in FIGS. 3 and 4, the core unit 70 includes
a housing 71 formed by plastic molding or the like. The
housing 71 has a plurality of operation sections 72 provided
thereon. The housing 71 has an approximately parallelepiped
shape extending in a longitudinal direction from front to rear.
The overall size of the housing 71 is small enough to be held
by one hand of an adult or even a child.

[0110] At the center of a front part of a top surface of the
housing 71, a cross key 724 is provided. The cross key 72a is
a cross-shaped four-direction push switch. The cross key 72a
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includes operation portions corresponding to four directions
(front, rear, right and left), which are respectively located on
cross-shaped projecting portions arranged at intervals of 90
degrees. A user selects one of the front, rear, right and left
directions by pressing one of the operation portions of the
cross key 72a. Through an operation of the cross key 724, the
user can, for example, designate a direction in which a player
character or the like appearing in a virtual game world is to
move, or give an instruction to select one of a plurality of
options.

[0111] The cross key 72a is an operation section for out-
putting an operation signal in accordance with the aforemen-
tioned direction input operation performed by the user. Such
an operation section may be provided in a different form. For
example, an operation section, which has four push switches
arranged in a cross formation and which is capable of output-
ting an operation signal in accordance with pressing of one of
the push switches by the user, may be provided. Alternatively,
an operation section, which has a composite switch having, in
addition to the above four push switches, a center switch
provided at an intersection point of the above cross formation,
may be provided. Still alternatively, the cross key 72a may be
replaced with an operation section which includes an inclin-
able stick (so-called a joy stick) projecting from the top sur-
face of the housing 71 and which outputs an operation signal
in accordance with an inclining direction of the stick. Still
alternatively, the cross key 72a may be replaced with an
operation section which includes a horizontally-slidable disc-
shaped member and which outputs an operation signal in
accordance with a sliding direction of the disc-shaped mem-
ber. Still alternatively, the cross key 72a may be replaced with
a touch pad.

[0112] Behind the cross key 72a on the top surface of the
housing 71, a plurality of operation buttons 725 to 72g are
provided. The operation buttons 724 to 72g are each an opera-
tion section for, when the user presses a head thereof, output-
ting a corresponding operation signal. For example, functions
as a 1st button, a 2nd button and an A button are assigned to
the operation buttons 725 to 72d. Also, functions as a minus
button, a home button and a plus button are assigned to the
operation buttons 72e to 72g, for example. Operation func-
tions are assigned to the respective operation buttons 72a to
72g in accordance with the game program executed by the
game apparatus body 5. In the exemplary arrangement shown
in FIG. 3, the operation buttons 725 to 724 are arranged in a
line at the center on the top surface of the housing 71 in a
front-rear direction. The operation buttons 72¢ to 72g are
arranged on the top surface of the housing 71 in a line in a
left-right direction between the operation buttons 726 and
72d. The operation button 72/ has a top surface thereof buried
in the top surface of the housing 71, so as not to be inadvert-
ently pressed by the user.

[0113] Infront ofthe cross key 72a on the top surface of the
housing 71, an operation button 72/ is provided. The opera-
tion button 72% is a power switch for turning on and off the
game apparatus body 5 by remote control. The operation
button 72/ also has a top surface thereof buried in the top
surface of the housing 71, so asnot to be inadvertently pressed
by the user.

[0114] Behind the operation button 72¢ on the top surface
of the housing 71, a plurality of LEDs 702 are provided. Here,
a controller type (a number) is assigned to the core unit 70
such that the core unit 70 is distinguishable from other con-
trollers. The LEDs 702 are used for, e.g., informing the user of
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the controller type currently set for the core unit 70. Specifi-
cally, a signal is transmitted from the wireless controller
module 19 to the core unit 70 such that one of the plurality of
LEDs 702, which corresponds to the controller type of the
core unit 70, is lit up.

[0115] On thetop surface of the housing 71, sound holes for
outputting sounds from a later-described speaker (a speaker
706 shown in FIG. 5) to the external space are formed
between the operation button 725 and the operation buttons
T2eto T2g.

[0116] On the bottom surface of the housing 71, a recessed
portion is formed. The recessed portion on the bottom surface
of the housing 71 is formed in a position in which an index
finger or middle finger of the user is located when the user
holds the core unit 70 with one hand so as to point a front
surface thereof'to the markers 8L and 8R. On a slope surface
of the recessed portion, an operation button 72 is provided.
The operation button 72i is an operation section acting as, for
example, a B button.

[0117] On the front surface of the housing 71, an image
pickup element 743 that is a part of the imaging information
calculation section 74 is provided. The imaging information
calculation section 74 is a system for: analyzing image data of
an image taken by the core unit 70; identifying an area having
a high brightness in the image; and detecting a position of the
center of gravity, the size, and the like of the area. The imag-
ing information calculation section 74 has, for example, a
maximum sampling period of approximately 200 frames/sec,
and therefore can trace and analyze even a relatively fast
motion of the core unit 70. A configuration of the imaging
information calculation section 74 will be described later in
detail. On the rear surface of the housing 71, a connector 73 is
provided. The connector 73 is, for example, an edge connec-
tor, and is used for engaging and connecting the core unit 70
with a connection cable, for example.

[0118] Inorderto give a specific description below, a coor-
dinate system set with respect to the core unit 70 will be
defined. As shown in FIGS. 3 and 4, an X-axis, a Y-axis and a
Z-axis, which are perpendicular to one another, are defined
with respect to the core unit 70. Specifically, the longitudinal
direction of the housing 71, which is the front-rear direction
of the core unit 70, is defined as the Z-axis, and a direction
along the Z-axis toward the front surface (a surface on which
the imaging information calculation section 74 is provided)
of the core unit 70 is a Z-axis positive direction. The up-down
direction of the core unit 70 is defined as the Y-axis, and a
direction along the Y-axis toward the top surface (a surface on
which the operation button 72a is provided) of the housing 71
is defined as a Y-axis positive direction. The left-right direc-
tion of the core unit 70 is defined as the X-axis, and a direction
along the X-axis toward the right side surface (a side surface
shown in FIG. 3) of the housing 71 is defined as an X-axis
positive direction.

[0119] Next, an internal structure of the core unit 70 will be
described with reference to FIGS. 5 and 6. FIG. 5 is an
isometric view, seen from a rear surface side of the core unit
70, showing that an upper casing (a part of the housing 71) of
the core unit 70 is removed. FIG. 6 is an isometric view, seen
from a front surface side of the core unit 70, showing that a
lower casing (a part of the housing 71) of the core unit 70 is
removed. Here, FIG. 6 is an isometric view showing a reverse
side of a substrate 700 shown in FIG. 5.

[0120] As shown in FIG. 5, the substrate 700 is fixedly
provided inside the housing 71. On a top main surface of the

Dec. 31, 2015

substrate 700, the operation buttons 72a to 724, an accelera-
tion sensor 701, the LEDs 702, an antenna 754 and the like are
provided. These elements are connected to, for example, a
microcomputer 751 (see FIGS. 6 and 7) by wiring (not
shown) formed on the substrate 700 and the like. A wireless
module 753 (see FIG. 7) and the antenna 754 allow the core
unit 70 to act as a wireless controller. Inside the housing 71, a
quartz oscillator, which is not shown, is provided, and the
quartz oscillator generates a reference clock of the later-
described microcomputer 751. Further, the speaker 706 and
an amplifier 708 are provided on the top main surface of the
substrate 700. The acceleration sensor 701 is provided, on the
substrate 700, to the left side of the operation button 724 (i.e.,
provided not on a central part but on a peripheral part of the
substrate 700). For this reason, in response to the core unit 70
having rotated around an axis of the longitudinal direction of
the core unit 70, the acceleration sensor 701 is able to detect,
in addition to a change in a direction of the gravitational
acceleration, acceleration containing a centrifugal compo-
nent, and the game apparatus body 5 or the like is able to
determine, based on detected acceleration data, a motion of
the core unit 70 by predetermined calculation with favorable
sensitivity.

[0121] As shown in FIG. 6, at a front edge of the bottom
main surface of the substrate 700, the imaging information
calculation section 74 is provided. The imaging information
calculation section 74 includes an infrared filter 741, a lens
742, the image pickup element 743, and an image processing
circuit 744, which are located in said order from the front
surface of the core unit 70. These elements are attached to the
bottom main surface of the substrate 700. At arear edge of the
bottom main surface of the substrate 700, the connector 73 is
attached. Further, a sound IC 707 and the microcomputer 751
are provided on the bottom main surface of the substrate 700.
The sound IC 707 is connected to the microcomputer 751 and
the amplifier 708 by wiring formed on the substrate 700 and
the like, and outputs an audio signal via the amplifier 708 to
the speaker 706 in response to sound data transmitted from
the game apparatus body 5.

[0122] On the bottom main surface of the substrate 700, a
vibrator 704 is attached. The vibrator 704 may be, for
example, a vibration motor or a solenoid. The vibrator 704 is
connected to the microcomputer 751 by wiring formed on the
substrate 700 and the like, and is activated or deactivated in
accordance with vibration data transmitted from the game
apparatus body 5. The core unit 70 is vibrated by actuation of
the vibrator 704, and the vibration is conveyed to the user’s
hand holding the core unit 70. Thus, a so-called vibration-
feedback game is realized. Since the vibrator 704 is provided
at a relatively forward position in the housing 71, the housing
71 held by the user significantly vibrates, and allows the user
to easily feel the vibration.

[0123] Next, an internal configuration of the controller 7
will be described with reference to FIG. 7. FIG. 7 is a block
diagram showing an example of the internal configuration of
the controller 7.

[0124] As shown in FIG. 7, the core unit 70 includes the
communication section 75 in addition to the above-described
operation sections 72, the imaging information calculation
section 74, the acceleration sensor 701, the vibrator 704, the
speaker 706, the sound IC 707, and the amplifier 708. The
vital sensor 76 is connected to the microcomputer 751 via the
connection cable 79 and connectors 791 and 73.
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[0125] The imaging information calculation section 74
includes the infrared filter 741, the lens 742, the image pickup
element 743, and the image processing circuit 744. The infra-
red filter 741 allows, among lights incident thereon through
the front surface of the core unit 70, only an infrared light to
pass therethrough. The lens 742 condenses the infrared light
having passed through the infrared filter 741, and outputs the
condensed infrared light to the image pickup element 743.
The image pickup element 743 is a solid-state image pickup
element such as a CMOS sensor, CCD or the like. The image
pickup element 743 takes an image of the infrared light con-
densed by the lens 742. In other words, the image pickup
element 743 takes an image of only the infrared light having
passed through the infrared filter 741. Then, the image pickup
element 743 generates image data of the image. The image
data generated by the image pickup element 743 is processed
by the image processing circuit 744. Specifically, the image
processing circuit 744 processes the image data obtained
from the image pickup element 743, and detects a high bright-
ness area of the image, and outputs, to the communication
section 75, process result data indicating results of detecting,
for example, position coordinates, a square measure and the
like of the high brightness area. The imaging information
calculation section 74 is fixed to the housing 71 of the core
unit 70. An imaging direction of the imaging information
calculation section 74 can be changed by changing a facing
direction of the housing 71.

[0126] Preferably, the core unit 70 includes a triaxial
(X-axis, Y-axis, and Z-axis) acceleration sensor 701. The
triaxial acceleration sensor 701 detects linear acceleration in
three directions, i.e., the up-down direction (the Y-axis shown
in FIG. 3), the left-right direction (the X-axis shown in FIG.
3), and the front-rear direction (the Z-axis shown in FIG. 3).
Alternatively, an accelerometer capable of detecting linear
acceleration along at least one axis direction (e.g., Z-axis
direction) may be used. As a non-limiting example, the accel-
eration sensor 701 may be of the type available from Analog
Devices, Inc. or STMicroelectronics N.V. Preferably, the
acceleration sensor 701 is an electrostatic capacitance or
capacitance-coupling type that is based on silicon micro-
machined MEMS (microelectromechanical systems) tech-
nology. However, any other suitable accelerometer technol-
ogy (e.g., piezoelectric type or piezoresistance type) now
existing or later developed may be used to provide the accel-
eration sensor 701.

[0127] Accelerometers, as used in the acceleration sensor
701, are only capable of detecting acceleration along a
straight line (linear acceleration) corresponding to each axis
of the acceleration sensor 701. In other words, the direct
output of the acceleration sensor 701 is limited to signals
indicative of linear acceleration (static or dynamic) along
each of the three axes thereof. As a result, the acceleration
sensor 701 cannot directly detect movement along a non-
linear (e.g., arcuate) path, rotation, rotational movement,
angular displacement, inclination, position, orientation or
any other physical characteristic.

[0128] However, through processing by a computer such as
a processor of the game apparatus (e.g., the CPU 10) or a
processor of the controller (e.g., the microcomputer 751)
based on the acceleration signals outputted from the accel-
eration sensor 701, additional information relating to the core
unit 70 can be inferred or calculated (determined), as one
skilled in the art will readily understand from the description
herein.
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[0129] For example, when the processing is performed by
the computer on the assumption that the core unit 70 having
the acceleration sensor 701 mounted therein is in a static state
(i.e., when the processing is performed assuming that accel-
eration detected by the acceleration sensor is only the gravi-
tational acceleration), if the core unit 70 is in fact in a static
state, the detected acceleration is used to determine whether
or not the core unit 70 is inclined with respect to the direction
of gravity or how many degrees the core unit 70 is inclined
with respect to the direction of gravity. More specifically,
when a state where a detection axis of the acceleration sensor
701 extends in a vertically downward direction is set as a
standard state, it is possible to determine whether or not the
core unit 70 is inclined with respect to the vertically down-
ward direction, based on whether or not 1G (gravitational
acceleration) is being applied in a direction along the detec-
tion axis of the acceleration sensor 701. It is also possible to
determine how many degrees the core unit 70 is inclined with
respect to the vertically downward direction, based on the
magnitude of acceleration applied in the direction along the
detection axis. In addition, in the case where the acceleration
sensor 701 is capable of detecting acceleration along multiple
axis directions, it is possible to determine in detail how many
degrees the core unit 70 is inclined with respect to the direc-
tion of gravity, through processing of acceleration signals
detected for each axis. In this case, a processor may perform
processing, based on an output from the acceleration sensor
701, for calculating data indicating an inclination angle of the
core unit 70. Alternatively, processing may be performed so
as to infer a rough inclination of the core unit 70 based on the
output from the acceleration sensor 701 without performing
the processing for calculating data indicating an inclination
angle. In this manner, the acceleration sensor 701 can be used
in combination with the processor to determine an inclina-
tion, orientation or position of the core unit 70.

[0130] On the other hand, on the assumption that the accel-
eration sensor 701 is in a dynamic state, the acceleration
sensor 701 detects acceleration corresponding to amovement
of the acceleration sensor 701 in addition to a gravitational
acceleration component. Thus, it is possible to determine, for
example, a direction of the movement of the core unit 70 by
eliminating the gravitational acceleration component through
predetermined processing. More specifically, various move-
ments and/or positions of the core unit 70 can be calculated
through processing of the acceleration signals generated by
the acceleration sensor 701 when the core unit 70 including
the acceleration sensor 701 is subjected to dynamic accelera-
tion by the hand of a user. It is noted that even on the assump-
tion that the acceleration sensor 701 is in a dynamic state, it is
possible to determine an inclination of the core unit 70 with
respect to the direction of gravity, by eliminating acceleration
corresponding to a movement of the acceleration sensor 701
through predetermined processing.

[0131] Inanotherexample, the acceleration sensor 701 may
include an embedded signal processor or other type of dedi-
cated processor for performing any desired processing of the
acceleration signals outputted from the accelerometers
therein prior to outputting signals to the microcomputer 751.
For example, the embedded or dedicated processor could
convert the detected acceleration signal to a corresponding
inclination angle (or into other preferred parameter) when the
acceleration sensor 701 is intended to detect static accelera-
tion (e.g., gravitational acceleration). Data indicating the
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acceleration detected by the acceleration sensor 701 is out-
putted to the communication section 75.

[0132] In further another example, the acceleration sensor
701 may be replaced with a gyro-sensor of any suitable tech-
nology incorporating, for example, a rotating or vibrating
element. Exemplary MEMS gyro-sensors that may be used in
this embodiment are available from Analog Devices, Inc.
Unlike the linear acceleration sensor 701, a gyro-sensor is
capable of directly detecting rotation (or angular rate) around
an axis defined by the gyroscopic element (or elements)
therein. Thus, due to the fundamental differences between a
gyro-sensor and an acceleration sensor, corresponding
changes need to be made to the processing operations that are
performed on the output signals from these devices depend-
ing on which device is selected for a particular application.
[0133] Specifically, when a gyro-sensor is used instead of
an acceleration sensor to calculate an inclination and orien-
tation, significant changes are necessary. More specifically,
when a gyro-sensor is used, the value of inclination is initial-
ized at the start of detection. Then, data on angular velocity
which is outputted from the gyro-sensor is integrated. Next, a
change amount in inclination from the value of inclination
previously initialized is calculated. In this case, the calculated
inclination is obtained as a value corresponding to an angle. In
contrast, when an acceleration sensor is used to calculate the
inclination, the inclination is calculated by comparing the
value of the gravitational acceleration of each axial compo-
nent with a predetermined reference. Therefore, the calcu-
lated inclination can be represented as a vector. Thus, without
initialization, an absolute direction detected using an accel-
erometer can be obtained. The type of the value calculated as
an inclination is also different between a gyro-sensor and an
acceleration sensor; i.¢., the value is an angle when a gyro-
sensor is used and is a vector when an acceleration sensor is
used. Therefore, when a gyro-sensor is used instead of an
acceleration sensor, data on inclination also needs to be pro-
cessed by a predetermined conversion that takes into account
the fundamental differences between these two devices. Due
to the fact that the nature of gyroscopes is known to one
skilled in the art, as well as the fundamental differences
between accelerometers and gyroscopes, further details are
not provided herein. While gyro-sensors provide certain
advantages due to their ability to directly detect rotation,
acceleration sensors are generally more cost-effective as
compared with the gyro-sensors when used for the controller
of the present embodiment.

[0134] The communication section 75 includes the micro-
computer 751, a memory 752, the wireless module 753, and
the antenna 754. The microcomputer 751 controls the wire-
less module 753 that wirelessly transmits transmission data,
while using the memory 752 as a storage area during process-
ing. The microcomputer 751 also controls operations of the
sound IC 707 and the vibrator 704 in accordance with data
which the wireless module 753 has received from the game
apparatus body 5 via the antenna 754. The sound IC 707
processes sound data or the like which is transmitted from the
game apparatus body 5 via the communication section 75.
Further, the microcomputer 751 activates the vibrator 704 in
accordance with vibration data or the like (e.g., a signal for
causing the vibrator 704 to be ON or OFF) which is transmit-
ted from the game apparatus body 5 via the communication
section 75.

[0135] Operation signals from the operation sections 72
provided on the core unit 70 (key data), acceleration signals
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from the acceleration sensor 701 with respect to the three
axial directions (X-, Y- and Z-axis direction acceleration
data), and the process result data from the imaging informa-
tion calculation section 74, are outputted to the microcom-
puter 751. Also, biological signals (biological information
data) provided from the vital sensor 76 are outputted to the
microcomputer 751 via the connection cable 79. The micro-
computer 751 temporarily stores inputted data (the key data,
the X-, Y- and Z-axis direction acceleration data, the process
result data, and the biological information data) in the
memory 752 as transmission data to be transmitted to the
wireless controller module 19. Here, wireless transmission
from the communication section 75 to the wireless controller
module 19 is performed at predetermined time intervals.
Since game processing is generally performed at a cycle of
Yeo sec, the wireless transmission needs to be performed at a
shorter cycle. Specifically, game processing is performed at a
cycle of 16.7 ms (Yeo sec), and a transmission interval of the
communication section 75 configured using the Bluetooth
(registered trademark) technology is 5 ms. When a timing of
performing transmission to the wireless controller module 19
arrives, the microcomputer 751 outputs, to the wireless mod-
ule 753, the transmission data stored in the memory 752 as a
series of pieces of operation information. The wireless mod-
ule 753 uses, for example, the Bluetooth (registered trade-
mark) technology to radiate, using a carrier wave having a
predetermined frequency, a radio signal from the antenna
754, the radio signal indicating the series of pieces of opera-
tion information. Thus, the key data from the operation sec-
tions 72 provided on the core unit 70, the X-, Y- and Z-axis
direction acceleration data from the acceleration sensor 701,
the process result data from the imaging information calcu-
lation section 74, and the biological information data from the
vital sensor 76, are transmitted from the core unit 70. The
wireless controller module 19 of the game apparatus body 5
receives the radio signal, and the game apparatus body 5
demodulates or decodes the radio signal to obtain the series of
pieces of operation information (the key data, the X-, Y- and
7-axis direction acceleration data, the process result data, and
the biological information data). In accordance with the series
of pieces of obtained operation information and the game
program, the CPU 10 of the game apparatus body 5 performs
game processing. In the case where the communication sec-
tion 75 is configured using the Bluetooth (registered trade-
mark) technology, the communication section 75 can have a
function of receiving transmission data wirelessly transmit-
ted from other devices.

[0136] Next, with reference to FIGS. 8 and 9, the vital
sensor 76 will be described. Note that FIG. 8 is a block
diagram showing an example of a configuration of the vital
sensor 76. FIG. 9 is a diagram showing pulse wave informa-
tion which is an example of biological information outputted
from the vital sensor 76.

[0137] InFIG. 8, the vital sensor 76 includes a control unit
761, a light source 762, and a photodetector 763.

[0138] Thelight source 762 and the photodetector 763 con-
stitutes a transmission-type digital-plethysmography sensor,
which is an example of a sensor which obtains a biological
signal of the user. The light source 762 includes, for example,
an infrared LED which emits infrared light having a prede-
termined wavelength (e.g., 940 nm) toward the photodetector
763. On the other hand, the photodetector 763, which
includes, for example, an infrared photoregister, senses light
emitted by the light source 762, depending on the wavelength
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of the emitted light. The light source 762 and the photodetec-
tor 763 are arranged, facing each other, with a predetermined
gap (hollow space) being interposed therebetween.

[0139] Here, hemoglobin which exists in human blood
absorbs infrared light. For example, a portion (e.g., a finger-
tip) of the body of the user is inserted in the gap between the
light source 762 and the photodetector 763. In this case,
infrared light emitted from the light source 762 is partially
absorbed by hemoglobin existing in the inserted fingertip
before being sensed by the photodetector 763. Arteries in the
human body pulsate, and therefore, the thickness (blood flow
rate) of the artery varies depending on the pulsation. There-
fore, similar pulsation occurs in arteries in the inserted fin-
gertip, and the blood flow rate varies depending on the pul-
sation, so that the amount of infrared light absorption also
varies depending on the blood flow rate. Specifically, as the
blood flow rate in the inserted fingertip increases, the amount
of light absorbed by hemoglobin also increases and therefore
the amount of infrared light sensed by the photodetector 763
relatively decreases. Conversely, as the blood flow rate in the
inserted fingertip decreases, the amount of light absorbed by
hemoglobin also decreases and therefore the amount of infra-
red light sensed by the photodetector 763 relatively increases.
The light source 762 and the photodetector 763 utilize such an
operating principle, i.e., converts the amount of infrared light
sensed by the photodetector 763 into a photoelectric signal to
detect pulsation (hereinafter referred to as apulse wave) of the
human body. For example, as shown in FIG. 9, when the
blood flow rate in the inserted fingertip increases, the detected
value of the photodetector 763 increases, and when the blood
flow rate in the inserted fingertip decreases, the detected value
of the photodetector 763 decreases. Thus, a pulse wave por-
tion in which the detected value of the photodetector 763 rises
and falls is generated as a pulse wave signal. Note that, in
some circuit configuration of the photodetector 763, a pulse
wave signal may be generated in which, when the blood flow
rate in the inserted fingertip increases, the detected value of
the photodetector 763 decreases, and when the blood flow
rate in the inserted fingertip decreases, the detected value of
the photodetector 763 increases.

[0140] The control unit 761 includes, for example, a Micro-
Controller Unit (MCU). The control unit 761 controls the
amount of infrared light emitted from the light source 762.
The control unit 761 also performs A/D conversion with
respect to aphotoelectric signal (pulse wave signal) outputted
from the photodetector 763 to generate pulse wave data (bio-
logical information data). Thereafter, the control unit 761
outputs the pulse wave data (biological information data) via
the connection cable 79 to the core unit 70.

[0141] Next, an overview of a process performed by the
game apparatus body 5 will be described with reference to
FIGS. 10 to 18 before a specific description thereof will be
given. Note that FIGS. 10 to 18 are diagrams showing a series
of images displayed on the monitor 2.

[0142] InFIG. 10, the monitor 2 displays a current biologi-
cal state of the user who is using the vital sensor 76. For
example, in FIG. 10, an activity level of the parasympathetic
nervous system of the user, which is a representative level of
the autonomic nervous systerm, is displayed as an amount of
relax fluid. The amount of relax fluid is calculated based on a
heart rate variance coefficient (coefficient of variance of R-R
interval (CVRR)) of the user. For example, the heart rate
variance coefficient is calculated using cardiac cycles (R-R
intervals; see F1G. 9) over past 100 pulses indicated by a pulse

Dec. 31, 2015

wave obtained from the vital sensor 76. Specifically, the heart
rate variance coefficient is calculated by:

heart rate variance coefficient={the standard deviation
of the R-R intervals of 100 pulses/the average of
the R-R intervals of 100 pulses)x100

[0143] By changing the amount (e.g., a surface level) of the
relax fluid, depending on the calculated heart rate variance
coefficient, the current biological information is presented to
the user.

[0144] Next, in FIG. 11, the monitor 2 displays a standard
value of the relax fluid amount for the same age as that of the
user for comparison with the current relax fluid amount of the
user. Here, the relax fluid amount decreases as the parasym-
pathetic nervous system of the user is activated. Specifically,
if the relax fluid amount is lower in the absence of exercise
load to the user, it is considered that the user’s autonomic
nervous system is not balanced. However, since the relax fluid
amount tends to decrease with age, the standard relax fluid
amount of the same age is displayed along with the current
relax fluid amount so as to enable the user to easily evaluate
the relative activity level of their parasympathetic nervous
system.

[0145] Next, in FIG. 12, the monitor 2 presents a game for
improving a displayed biological state of the user. For
example, a stretch game which increases the flexibility of the
user is a means of instantly increasing the relax fluid amount,
and therefore, is displayed as an option to the user on the
monitor 2. When the user selects and decides execution of the
presented stretch game, the screen of the monitor 2 transitions
to the stretch game.

[0146] After transition to the stretch game, the monitor 2
displays explanations of an operation attitude or an operation
method which the user should perform when playing the
game. For example, in the example of FIG. 13, an attitude that
the vital sensor 76 is attached to a finger and the core unit 70
is sandwiched between both hands with both elbows sticking
out leftward and rightward in a longitudinal direction of the
core unit 70, is displayed as an operation attitude which the
user should take in the stretch game. The monitor 2 also
displays an operation method, i.e., “Please incline the core
unit 70 to match its inclination angle to the slope of the
ground, assuming the screen is a mirror.” The monitor 2 also
displays an operation method, i.e., “Please breathe in syn-
chronization with rising and falling of the ceiling.” Thus, the
user can find out an operation attitude and an operation
method, such as those shown in FIG. 13, by viewing those
displayed on the screen.

[0147] As shown in FIG. 14, in the stretch game, for
example, a game is performed in which a player character PC
moves or behaves based on a biological signal (pulse wave
signal) of the user and a motion or an attitude (an inclination
ofthe core unit 70) of the user. The user has to cause the player
character PC to fly in a space (e.g., a cave) between a ceiling
T and a ground B which are, for example, scrolled from the
left to the right in the virtual game world. In this case, the
ceiling T and the ground B are obstacles in the way of the
player character PC flying in the space. The player character
PC includes a first player character PC1, and a second player
character PC2 provided on the first player character PC1,
which are separable.

[0148] InFIG. 15, the second player character PC2 can be
moved up, where a maximum height of the second player
character PC2 is limited to aheight of the ceiling T (the height
is measured with reference to the first player character PC1).
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Here, the second player character PC2 is moved up and down,
depending on a respiratory state of the user. For example, the
second player character PC2 is moved up with respect to the
first player character PC1 when the user breathes out air or
exhales, and is moved down toward the first player character
PC1 when the user breathes in air or inhales. In this embodi-
ment, a heart rate HR of the user is calculated using the pulse
wave signal, and if the heart rate HR is increasing, it is
determined that the user is inhaling, and if the heart rate HR is
decreasing, it is determined that the user exhaling. The heart
rate HR is represented by the number of heart beats per 60
seconds. In this embodiment, the heart rate HR is calculated
by dividing 60 seconds by a cardiac cycle (R-R interval; e.g.,
the time from one minimum value of a pulse wave to the next
minimum value; see FIG. 9).

[0149] Rising and falling of the ceiling T are calculated
based on a frequency of respiration of the user. For example,
in this embodiment, a current frequency of respiration of the
user is calculated based on a frequency at which the heart rate
HR of the user rises and falls. The frequency of rising and
falling of the ceiling T is adjusted so that the respiration
frequency is slowed to a predetermined fraction thereof (e.g.,
80%). If the second player character PC2 contacts the ceiling
T, the score of the stretch game is reduced. Specifically, the
user has to breathe in a manner which reduces their respira-
tion frequency to 80%, i.e., gradually reduces their respira-
tion frequency, while moving the second player character
PC2 up and down in synchronization with rising and falling of
the ceiling T.

[0150] Referring to FIG. 16, the player character PC can fly
obliquely along the ground B. Here, the player character PC
inclines its flying attitude, depending on the inclination of the
core unit 70. For example, when the user in an operation
attitude as shown in FIG. 13 inclines the core unit 70 to the
right (as the user faces the monitor 2) at an angle of al, the
displayed player character PC is also inclined to the right at an
angle of al in synchronization with the act of inclining. Also,
referring to FIG. 17, when the user in an operation attitude as
shown in FIG. 13 inclines the core unit 70 to the right (as the
user faces the monitor 2) at an angle of a2, the displayed
plaver character PC is also inclined to the right at an angle of
a2 in synchronization with the act of inclining. In other
words, the user feels like they incline the player character PC
by inclining the core unit 70.

[0151] In FIG. 17, when the slope (angle) of the ground B
increases with time, then if the player character PC contacts
the ground B, the score of the stretch game is reduced. The
user has to incline the core unit 70 at an angle similar to the
slope of the ground B so as to incline the player character PC
to match the inclination angle to the slope of the ground B. In
other words, the user has to do stretching movements, such as
bending or twisting a portion of their body at which the core
unit 70 is held or attached. The slope of the ground B is fixed
to an inclination angle as it is when the user has difficulty in
further inclining the core unit 70. For example, in this
embodiment, a pulse wave amplitude PA (e.g., a difference
between one minimum value of a pulse wave and the next
minimum value; see FIG. 9) obtained from the pulse wave
signal is used to determine a level of difficulty or easiness of
the user, and a color or countenance of the player character PC
is changed, depending on the difficulty or easiness level.
[0152] Inthe example of FIG. 16, the ground B is displayed
which is inclined to the right at an inclination angle of 5°. If
the user inclines the core unit 70 to the right (as the user faces
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the monitor 2) at an angle of al (e.g., 5°) to match the incli-
nation angle to the slope of the ground B, the displayed player
character PC is also inclined to the right at an angle of al (e.g,,
5°) in synchronization with the act of inclining. In this case,
since it is still easy for the user to do so, the displayed player
character PC has calm countenance. On the other hand, in the
example of FIG. 17 the displayed ground B is inclined to the
right at an inclination angle 0f42°, and if the user inclines the
core unit 70 to the right (as the user faces the monitor 2) at an
angle of 02 (e.g., 42°) to match the inclination angle to the
slope of the ground B, the displayed player character PC is
also inclined to the right at an angle of o2 (e.g., 42°) in
synchronization with the act ofinclining. In this case, the user
has much difficulty, so that the displayed player character PC
has unpleasant or painful countenance.

[0153] Forexample, auser’s condition that their pulse wave
amplitude PA is 90% or more as compared to that at the start
of the stretch game, is determined as “the user does not have
difficulty.” A user’s condition that their pulse wave amplitude
PA is reduced to 50% to 90% as compared to that at the start
of the stretch game, is determined as “the user has difficulty.”
Moreover, a user’s condition that their pulse wave amplitude
PA is reduced to 50% or less as compared to that at the start of
the stretch game, is determined as “the user has much diffi-
culty.” A user’s condition as it is when the pulse wave ampli-
tude PA reaches 50% or less is determined as a limit for the
user, and the inclination angle at this time (limit inclination
angle) is considered as a measure for calculating the pliancy
of the user’s body.

[0154] After the stretch game is ended, a current relax fluid
amount of the user is calculated again. Thereafter, referring to
FIG. 18, the monitor 2 displays a relax fluidamount before the
stretch game (denoted as “5 min before” in FIG. 18) in addi-
tion to the current relax fluid amount (user’s relax fluid
amount after the stretch game). Moreover, an increase or a
decrease in relax fluid amount after the stretch game is dis-
played as a numerical value. For example, in this embodi-
ment, a heart rate variance coefficient before the stretch game
of the user is compared with a heart rate variance coefficient
after the stretch game, and a value obtained by multiplying a
difference therebetween by 10is displayed as an increase or a
decrease in volume (ml).

[0155] Moreover, a value indicating the pliancy of the
user’s body may be displayed after the end of the stretch
game. For example, the limit inclination angle is used to
display the user’s pliancy (pliancy score). Specifically, the
user’s limit inclination angle is compared with an ideal incli-
nation angle in the stretch game, and the user’s pliancy (pli-
ancy score) is calculated and displayed based on a difference
therebetween.

[0156] Next, game processing performed in the game sys-
tem 1 will be described in detail. Firstly, referring to F1G. 19,
main data used in game processing will be described. Note
that FIG. 19 is a diagram showing an example of main data
and programs stored in the external main memory 12 and/or
the internal main memory 35 (hereinafter the two main
memories is collectively referred to as a main memory) of the
game apparatus body 5.

[0157] As shown in FIG. 19, a data storing area of the main
memory stores acceleration data Da, key data Db, pulse wave
data Dc, acceleration vector data Dd, relax fluid amount data
De, standard value data Df, initial relax fluid amount data Dg,
controller inclination data Dh, heart rate data Di, pulse wave
amplitude data D)j, initial pulse wave amplitude data DXk,
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score data D1, fluctuation frequency data Dm, rising/falling
frequency data Dn, ground angle data Do, limit ground angle
data Dp, player character data Dq, image data Dr, and the like.
Note that the main memory stores, in addition to data
included in the information of FIG. 19, data required for game
processing, such as data (position data, etc.) relating to
objects and the like appearing in the game other than the
player character PC, data (background data, etc.) relating to
the virtual game world, and the like. Moreover, a program
storing area of the main memory stores various programs Pa
included in a game program.

[0158] The acceleration data Da indicates an acceleration
of the core unit 70. Acceleration data included in a series of
pieces of operation information which are transmitted as
transmission data from the core unit 70 is stored as the accel-
eration data Da into the main memory. The acceleration data
Da includes X-axis direction acceleration data Dal indicating
an acceleration which is detected with respect to an X-axis
component by the acceleration sensor 701, Y-axis direction
acceleration data Da2 indicating an acceleration which is
detected with respect to a Y-axis component, and Z-axis direc-
tion acceleration data Da3 indicating an acceleration which is
detected with respect to a Z-axis component. Note that the
wireless controller module 19 included in the game apparatus
body 5 receives acceleration data included in operation infor-
mation transmitted in predetermined cycles (e.g., 200 sec)
from the core unit 70, and stores the acceleration data into a
buffer (not shown) included in the wireless controller module
19. Thereafter, acceleration data stored in the buffer is read
out on a frame-by-frame basis (one frame corresponds to a
game processing cycle (e.g., Yo sec)), and the acceleration
data Da in the main memory is updated with the acceleration
data.

[0159] Inthiscase, the cycle ofreception ofoperationinfor-
mation is different from the processing cycle, and therefore, a
plurality of pieces of operation information received at a
plurality of timings are stored in the buffer. In a description
below of the process, it is assumed that only the latest one of
a plurality of pieces of operation information received at a
plurality of timings is invariably used to perform processing
in each step described below before control proceeds to the
next step.

[0160] Although it is assumed in a process flow described
below that the acceleration data Da is updated on a frame-by-
frame basis (one frame corresponds to the game processing
cycle), the acceleration data Da may be updated in other
process cycles. For example, the acceleration data Da may be
updated in transmission cycles of the core unit 70, and the
acceleration data Da thus updated may be used in game pro-
cessing cycles. In this case, the cycle in which the accelera-
tion data Dal to Da3 are stored as the acceleration data Da is
different from the game processing cycle.

[0161] Thekey data Dbindicates that the operation sections
72 of the core unit 70 each have been operated. Key data
included in a series of pieces of operation information which
are transmitted as transmission data from the core unit 70 is
stored as the key data Da into the main memory. Note that a
method of updating the key data Db is similar to that of the
acceleration data Da and will not be described in detail.
[0162] The pulse wave data Dc indicates a pulse wave sig-
nal having a required time length obtained from the vital
sensor 76. Pulse wave data included in a series of pieces of
operation information which are transmitted as transmission
data from the core unit 70 is stored as the pulse wave data Dc
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into the main memory. Note that a history of a pulse wave
signal having a time length required in a process described
below is stored as the pulse wave data Dc into the main
memory, and is updated as appropriate in response to recep-
tion of operation information.

[0163] The acceleration vector data Dd indicates an accel-
eration vector which is calculated using an acceleration indi-
cated by the X-axis direction acceleration data Dal, the Y-axis
direction acceleration data Da2, and the Z-axis direction
acceleration data Da3. Data indicating a direction and a mag-
nitude of an acceleration applied to the core unit 70 is stored
as the acceleration vector data Dd in the main memory.
[0164] The relax fluid amount data De indicates a relax
fluid amount which is calculated using a current heart rate
variance coefficient of the user. The standard value data Df
indicates a standard value of a relax fluid amount for each age
which is previously statistically calculated. The initial relax
fluid amount data Dgindicates a relax fluid amount ofthe user
which is calculated before the start of the stretch game.
[0165] Thecontroller inclination data Dh indicates an incli-
nation of the core unit 70 with respect to a direction of gravity.
The heart rate data Di indicates a history of heart rates HR
(e.g., a value obtained by dividing 60 sec by a cardiac cycle
(R-R interval)) over a predetermined period of time of the
user. The pulse wave amplitude data Dj indicates a history of
pulse wave amplitudes PA over a predetermined period of
time of the user. The initial pulse wave amplitude data Dk
indicates a pulse wave amplitude PA of the user before the
start of the stretch game.

[0166] The score data D1 indicates a score in the stretch
game. The fluctuation frequency data Dm indicates a respi-
ration frequency of the user. The rising/falling frequency data
Dn indicates a frequency of rising and falling of the ceiling T
in the stretch game which is calculated, depending on the
respiration frequency of the user. The ground angle data Do
indicates an inclination angle of the ground B in the stretch
game. The limit ground angle data Dp indicates a limit incli-
nation angle of the ground B for the user in the stretch game.
[0167] The player character data Dq relates to the player
character PC, including inclination data Dql, flying height
data Dq2, situation data Dg3, and position data Dq4. The
inclination data Dql indicates an inclination angle of the
player character PC which is inclined, depending on an incli-
nation of the core unit 70. The flying height data Dq2 indi-
cates a height to which the second player character PC2 is
moved up with respect to the first player character PC1. The
situation data Dq3 indicates a color or countenance of the
player character PC corresponding to a difficulty or easiness
level of the user. The position data Dq4 indicates a position in
the virtual game world of the player character PC.

[0168] The image data Dr includes biological image data
Drl, player character image data Dr2, obstacle image data
Dr3, and the like. The biological image data Dr1 is used to
display biological information of the user on the monitor 2.
The player character image data Dr2 is used to generate a
game image of the virtual game world in which the player
character PC is arranged. The obstacle image data Dr3 is used
to generate a game image of the virtual game world in which
an obstacle (the ceiling T and the ground B) is arranged.
[0169] Next, information processing performed in the
game apparatus body 5 will be described in detail with refer-
ence to FIGS. 20 to 22. Note that FIG. 20 is a flowchart
showing an example of information processing performed in
the game apparatus body 5. FIG. 21 is a flowchart showing an
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example of an operation in the first half of a stretch game
process in step 48 of FIG. 20. FIG. 22 is a flowchart showing
an example of an operation in the second-half of the stretch
game process in step 48 of FIG. 20. Note that, in the flow-
charts of FIGS. 20 to 22, of the game processing, processes
employing biological information from the vital sensor 76
and an inclination of the core unit 70 will be mainly
described, and other game processes which do not directly
relate to the present invention will not be described in detail.
In FIGS. 20 to 22, each step executed by the CPU 10 is
abbreviated to “S”.
[0170] When the game apparatus body 5 is powered on, the
CPU 10 of the game apparatus body 5 executes a boot pro-
gram stored in the ROM/RTC 13, thereby initializing each
unit, such as the main memory or the like. Thereafter, a game
program stored on the optical disc 4 is read into the main
memory, and execution of the game program is started by the
CPU 10. The flowcharts of FIGS. 20 to 22 indicate game
processing which is performed after completion of the afore-
mentioned process.
[0171] InFIG. 20, the CPU 10 initializes settings for infor-
mation processing (step 41), and then goes to the next step.
For example, in the initialization of settings in step 41, the age
of the user, process results until a current time, and the like are
initially set. Also, in the initialization of settings in step 41,
parameters used in subsequent information processing are
each initialized.
[0172] Next, the CPU 10 acquires data indicating operation
information from the core unit 70 (step 42), and goes to the
next step. For example, the CPU 10 acquires operation infor-
mation received from the core unit 70, and updates the accel-
eration data Da using an acceleration indicated by the latest
acceleration data contained in the operation information.
Specifically, the CPU 10 updates the X-axis direction accel-
eration data Dal using an acceleration indicated by X-axis
direction acceleration data contained in the latest operation
information received by the core unit 70. The CPU 10 also
updates the Y-axis direction acceleration data Da2 using an
acceleration indicated by Y-axis direction acceleration data
contained in the latest operation information. The CPU 10
also updates the Z-axis direction acceleration data Da3 using
an acceleration indicated by Z-axis direction acceleration
data contained in the latest operation information. The CPU
10 also updates the key data Db using an operation performed
with respect to the operation sections 72, which is indicated
by the latest key data contained in the operation information
received from the core unit 70. The CPU 10 also updates the
pulse wave data Dc using a pulse wave signal indicated by the
latest biological information data contained in the operation
information received from the core unit 70.
[0173] Next, the CPU 10 calculates a user’s relax fluid
amount (step 43), and goes to the next step. For example, the
CPU 10 calculates a relax fluidamount based on a user’s heart
rate variance coefficient. Here, the heart rate variance coetli-
cient is calculated using cardiac cycles (R-R intervals; see
FIG. 9) over past 100 pulses indicated by a pulse wave signal
stored in the pulse wave data Dc. Specifically, the heart rate
variance coefficient is calculated by:

heart rate variance coefficient=(the standard deviation

of the R-R intervals of 100 pulses/the average of
the R-R intervals of 100 pulses)x100

[0174] Thereafter, the CPU 10 calculates a relax fluid
amount based on the calculated user’s heart rate variance
coefficient (e.g., a value obtained by multiplying the heart rate
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variance coefficient by 10 is considered as a relax fluid
amount), and updates the relax fluid amount data De using the
calculated relax fluid amount.

[0175] Next, the CPU 10 generates an image representing
biological information in which a current user’s relax fluid
amount is indicated by a fluid level, and displays the image on
the monitor 2 (step 44; see FI1G. 10). Thereafter, the CPU 10
determines whether or not to compare the current user’s relax
fluid amount with a standard amount (step 45). For example,
when an operation indicting a command to perform compari-
son with the standard amount has been performed or when a
predetermined period of time has elapsed since displaying of
the current user’s relax fluid amount on the monitor 2, the
CPU 10 decides to compare the current user’s relax fluid
amount with the standard amount. The CPU 10, when decid-
ing to compare the current user’s relax fluid amount with the
standard amount, goes to the next step 46. On the other hand,
the CPU 10, when not deciding to compare the current user’s
relax fluid amount with the standard amount, goes to the next
step 47.

[0176] In step 46, the CPU 10 generates an image which
shows the current user’s relax fluid amount and the standard
amount for comparison, displays the image on the monitor 2
(see FIG. 11), and goes to the next step 47. For example, the
CPU 10 acquires a standard value of a relax fluid amount
corresponding to the age of the user by referring to the stan-
dard value data Df, generates an image showing biological
information indicating the standard value as a fluid level, and
displays the image on the monitor 2. Here, the standard value
may be acquired from the standard value data Df based on the
user’s age set in step 41, or alternatively, may be acquired
from the standard value data Df by the user inputting their age
in step 46. Note that, in step 46, a standard value of a relax
fluid amount corresponding to the same age as that of the user
is acquired, or alternatively, a different standard value may be
acquired. For example, a standard value having the same level
as that of the current user’s relax fluid amount may be
acquired. In this case, a standard value of a relax fluid amount
corresponding to an age different from the user’s age is
acquired. However, the user can find out of what age their
relax fluid amount corresponds to the level of the standard
value.

[0177] Instep47, the CPU 10 determines whether or not to
2o to the stretch game. For example, the CPU 10 presents an
option which indicates a game for increasing the user’s relax
fluid displayed on the monitor 2 (see FIG. 12), and determines
whether or not to go to the stretch game, depending on
whether ornot an operation of selecting the stretch game from
the option has been performed. Thereafter, the CPU 10, when
going to the stretch game, goes to the next step 48. On the
other hand, the CPU 10, when not going to the stretch game,
goes to the next step 53.

[0178] In step 48, the CPU 10 performs a stretch game
process, and goes to the next step. Hereinafter, the stretch
game process performed in step 48 will be described with
reference to FIGS. 21 and 22.

[0179] In FIG. 21, the CPU 10 initializes settings for the
stretch game process (step 81), and goes to the next step. For
example, in the initialization of settings in step 81, settings for
the virtual game world, the player character PC, the ceiling T,
the ground B and the like are initialized. Also, in the initial-
ization of settings in step 81, parameters used in subsequent
stretch game processes are initialized. For example, the CPU
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10 initially sets a score corresponding to a perfect score (e.g.,
100 points) into the score data D1.

[0180] Next, the CPU 10 acquires data indicating operation
information from the core unit 70 (step 82), and goes to the
next step. Note that the process in step 82 is similar to that in
step 42 and will not be described in detail.

[0181] Next, the CPU 10 calculates the pulse wave ampli-
tude PA and the relax fluid amount before the start of the
stretch game of the user, and updates the initial pulse wave
amplitude data Dk and the initial relax fluid amount data Dg
using the respective calculated values (step 83), and goes to
the next step. For example, the CPU 10 refers to a pulse wave
signal of the pulse wave data Dc, and calculates a current
pulse waveamplitude PA (see FIG. 9) obtained from the pulse
wave signal, as an initial pulse wave amplitude PAi. There-
after, the CPU 10 updates the initial pulse wave amplitude
data Dk using the calculated initial pulse wave amplitude PAi.
The CPU 10 also refers to a pulse wave signal of the pulse
wave data Dc, and calculates a current relax fluid amount
based on a heart rate variance coefficient obtained from the
pulse wave signal. Thereafter, the CPU 10 updates the initial
relax fluid amount data Dg using the calculated relax fluid
amount.

[0182] Next, the CPU 10 acquires data indicating operation
information from the core unit 70 (step 84), and goes to the
next step. Note that the process in step 84 is similar to that in
step 42 and will not be described in detail.

[0183] Next, the CPU 10 calculates an inclination of the
core unit 70 with respect to a direction of gravity (step 85),
and goes to the next step. For example, the CPU 10 uses an
X-axis direction acceleration stored in the X-axis direction
acceleration data Dal, a Y-axis direction acceleration stored
in the Y-axis direction acceleration data Da2, and a Z-axis
direction acceleration stored in the Z-axis direction accelera-
tion data Da3, to calculate an acceleration vector having the
acceleration components in the respective directions, and
updates the acceleration vector data Dd using the acceleration
vector. The CPU 10 also assumes that a direction indicated by
the acceleration vector in the acceleration vector data Dd is a
direction of a gravitational acceleration acting on the core unit
70. The CPU 10 calculates an inclination of the core unit 70
(an inclination of the controller) with respect to the direction
indicated by the acceleration vector, and updates the control-
ler inclination data Dh using the calculated inclination of the
core unit 70. Specifically, when the user in an operation
attitude as shown in FIG. 13 operates the core unit 70, i.e.,
when it is assumed that the core unit 70 is operated in a
manner which inclines the Z-axis of the core unit 70 around
an X-axis direction, an inclination of the Z-axis of the core
unit 70 with respect to a direction of the gravitational accel-
eration is calculated as the inclination of the core unit 70 (the
inclination of the controller).

[0184] Next, the CPU 10 inclines the player character PC
with respect to the virtual game world, depending on the
inclination of the core unit 70, displays the inclined player
character PC on the monitor 2 (step 86), and goes to the next
step. For example, when it is assumed that the core unit 70 is
operated ina manner which inclines the Z-axis of the core umt
70 around the X-axis direction of the core unit 70, then if the
user inclines the core unit 70 so that its Z-axis is inclined to the
right (as the user faces the monitor 2) at an angle of a, the CPU
10 calculates an inclination angle which inclines the player
character PC to the right (as the user faces the monitor 2) at an
angle of a in the virtual game world in synchronization with
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the act of inclining, and updates the inclination data Dql
using the calculated inclination angle. Thereafter, the CPU 10
inclines the player character PC in the virtual game world,
depending on the inclination angle indicated by the inclina-
tion data Dql, and displays the inclined player character PC
on the monitor 2 (see FIGS. 16 and 17).

[0185] Next, the CPU 10 calculates a heart rate HR of the
user, updates a history of the heart rate data Di using the
calculated heart rate HR (step 87), and goes to the next step.
For example, the CPU 10 refers to a pulse wave signal of the
pulse wave data Dc, and calculates a current cardiac cycle
(R-R interval; see FIG. 9). Thereafter, the CPU 10 calculates
a heart rate HR by dividing 60 sec by the cardiac cycle, and
updates the history of heart rates HR by adding data indicat-
ing the newly calculated heart rate HR to the heart rate data
Di. Note that, as will be seen from a description below, if the
history of heart rates HR is stored in an amount corresponding
to a predetermined period of time, a process can be per-
formed, and therefore, when a new heart rate HR is added, a
past heart rate HR exceeding the time period may be erased.
[0186] Next, the CPU 10 calculates a pulse wave amplitude
PA of the user, updates a history of the pulse wave amplitude
data Dj using the calculated pulse wave amplitude PA (step
88), and goes to the next step. For example, the CPU 10 refers
to a pulse wave signal of the pulse wave data Dc, and calcu-
lates a current pulse wave amplitude PA (see FIG. 9) obtained
from the pulse wave signal. Thereafter, the CPU 10 adds data
indicating the newly calculated pulse wave amplitude PA to
the pulse wave amplitude data Dj to update the history of
pulse wave amplitudes PA. Note that, as will be seen from a
description below, if the history of pulse wave amplitudes PA
is stored in an amount corresponding to a predetermined
period of time, a process can be performed, and therefore,
when a new pulse wave amplitude PA is added, a past pulse
wave amplitude PA exceeding the time period may be erased.
[0187] Next, the CPU 10 determines whether or not the
heart rate HR calculated in step 87 is smaller than the previ-
ously calculated heart rate HRb (step 89), and determines
whether or not the heart rate HR calculated in step 87 is larger
than the previously calculated heart rate HRb (step 91).
Thereafter, the CPU 10, when the heart rate HR calculated in
step 87 is smaller than the previously calculated heart rate
HRb (Yes in step 89), goes to the next step 90. Also, the CPU
10, when the heart rate HR calculated in step 87 is larger than
the previously calculated heart rate HRb (Yes in step 91), goes
to the next step 92. On the other hand, the CPU 10, when the
heart rate HR calculated in step 87 is the same as the previ-
ously calculated heart rate HRb (No in both steps 89 and 91),
goes to the next step 101 (see FIG. 22).

[0188] Instep 90, the CPU 10 moves up the second player
character PC2 with respect to the first player character PC1 by
a predetermined amount in the virtual game world, displays
the second player character PC2 thus moved up on the moni-
tor 2, and goes to the next step 101 (see FIG. 22). For example,
the CPU 10 calculates a flying height of the second player
character PC2 which is obtained by increasing the distance
between the first player character PC1 and the second player
character PC2 in the virtual game world by a predetermined
length, and updates the flying height data Dq2 using the flying
height. Thereafter, the CPU 10 moves up the second player
character PC2 with respect to the first player character PC1 in
the virtual game world so that they are separated by the flying
height indicated by the flying height data Dq2, and displays
the second player character PC2 thus moved up on the moni-
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tor 2 (see FIG. 15). Note that the distance between the first
player character PC1 and the second player character PC2
which are separated in step 90 may be increased by a constant
amount, or an amount which varies depending on a difference
between the heart rate HRb and the heart rate HR.

[0189] On the other hand, in step 91, the CPU 10 moves
down the second player character PC2 with respect to the first
player character PC1 by a predetermined amount in the vir-
tual game world, displays the second player character PC2
thus moved down on the monitor 2, and goes to the next step
101 (see FIG. 22). For example, the CPU 10 calculates a
flying height of the second player character PC2 which is
obtained by decreasing the distance between the first player
character PC1 and the second player character PC2 in the
virtual game world by a predetermined length, and updates
the flying height data Dq2 using the flying height. Thereafter,
the CPU 10 moves up the second player character PC2 with
respect to the first player character PC1 so that they are
separated by the flying height indicated by the flying height
data Dq2 in the virtual game world, and displays the second
player character PC2 thus moved up on the monitor 2. Note
that an amount by which the second player character PC2 is
moved down with respect to the first player character PC1 in
the virtual game world, is decided to a value which prevents
the second player character PC2 from overlapping the first
player character PC1. In other words, the second player char-
acter PC2 is not moved down to a position which causes the
second player character PC2 to overlap the first player char-
acter PC1 in the virtual game world. Note that the distance
between the first player character PC1 and the second player
character PC2 which is reduced in step 91 may be decreased
by a predetermined amount, or an amount which varies
depending on a difference between the heart rate HRb and the
heart rate HR.

[0190] Referring to FIG. 22, in step 101, the CPU 10 deter-
mines whether or not the player character PC contacts the
ceiling T or the ground B in the virtual game world. For
example, when the player character PC is flying, then if the
first player character PC1 contacts the ground B or the second
player character PC2 contacts the ceiling T, the CPU 10
determines that the player character PC contacts the ceiling T
or the ground B. Thereafter, the CPU 10, when the player
character PC contacts the ceiling T or the ground B, goes to
the next step 102. On the other hand, if the player character PC
contacts neither of the ceiling T and the ground B, the CPU 10
goes to the next step 103.

[0191] In step 102, the CPU 10 reduces the score of the
stretch game by a predetermined number of points, and goes
to the next step 103. For example, the CPU 10 subtracts a
point or points corresponding to a contact with the ceiling T or
the ground B from the score indicated by the score data D1,
and updates the score data D1 using the resultant score. Here,
the number of subtracted points may be changed, depending
on a situation that the player character PC contacts the ceiling
T or the ground B. As a first example, the number of sub-
tracted points is increased with a period of time during which
the player character PC contacts the ceiling T or the ground B.
As a second example, the number of subtracted points is
increased with an area on which the player character PC
overlaps the ceiling T or the ground B. As a third example, the
number of subtracted points is increased with the number of
times at which the player character PC contacts the ceiling T
or the ground B. As a fourth example, the number of sub-
tracted points is changed, depending on which of the ceiling
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T and the ground B the player character PC contacts. As a fifth
example, the number of subtracted points is changed in accor-
dance with a combination of at least two of the first to fourth
examples.

[0192] Note that, in the aforementioned process, when the
player character PC contacts or overlaps the ceiling T or the
ground B, the score of the stretch game is reduced to degrade
the assessment. Therefore, the lower the score of the stretch
game, the poorer the assessment. Alternatively, the score may
be changed in other fashions. As a first example, the score of
the stretch game at the start is set to 0 points, and when the
player character PC contacts or overlaps the ceiling T or the
ground B, the score of the stretch game is increased to degrade
the assessment. In this case, the higher the score of the stretch
game, the poorer the assessment. As a second example, the
score of the stretch game at the start is set to 0, and is incre-
mented with time in the stretch game, and when the player
character PC contacts or overlaps the ceiling T or the ground
B in the stretch game, the increment is canceled to degrade the
assessment. In this case, the lower the score of the stretch
game, the poorer the assessment.

[0193] Instep 103, the CPU 10 uses a history of heart rates
HR to calculate a frequency (fluctuation frequency) at which
the heart rate HR rises and falls, and goes to the next step. For
example, the CPU 10 acquires a history of user’s heart rates
HR until a current time by referring to the heart rate data Di.
Thereafter, the CPU 10 calculates the fluctuation frequency of
heart rates HR from the history ofheart rates HR, and updates
the fluctuation frequency data Dm using the calculated fluc-
tuation frequency. Here, if the heart rate HR calculated in this
embodiment is increasing, it is determined that the user is
inhaling, and if the heart rate HR is decreasing, it is deter-
mined that the user is exhaling. In other words, the fluctuation
frequency corresponds to a frequency (respiration frequency)
at which the user breathes.

[0194] Next, the CPU 10 uses the fluctuation frequency
calculated in step 103 to calculate a frequency (rising/falling
frequency) at which the ceiling T is caused to rise and fall
(step 104), and goes to the next step. For example, the CPU 10
calculates a frequency obtained by slowing a fluctuation fre-
quency indicated by the fluctuation frequency data Dm to a
predetermined fraction thereof (e.g., 80% of the fluctuation
frequency) as the rising/falling frequency, and updates the
rising/falling frequency data Dn using the calculated rising/
falling frequency.

[0195] Next, the CPU 10 calculates an average value PAa of
pulse wave amplitudes PA over a predetermined number of
pulses (step 105). Thereafter, the CPU 10 determines whether
or not the calculated average value PAa is 90% or less of the
initial pulse wave amplitude PAi (step 106). When PAa=<0.
9PAi, the CPU 10 goes to the next step 107. On the other hand,
when 0.9PAi<PAa, the CPU 10 goes to the next step 110.

[0196] Instep 107, the CPU 10 sets a color or countenance
of the player character PC displayed in the virtual game
world, which represents a level of difficulty, as the situation
data Dq3, displays the player character PC in a state corre-
sponding to the difficulty level on the monitor 2, and goes to
the next step. Here, step 107 is executed in a state that the
pulse wave amplitude PA of the user is reduced to 90% or less
ofthat at the start of the stretch game, 1.e., it can be determined
that “the user has difficulty.” In the stretch game, when it can
be determined that the user has difficulty, the CPU 10 changes
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the color or countenance of the player character PC, depend-
ing on the level of difficulty or easiness of the user (see FIG.
17).

[0197] In step 108, the CPU 10 determines whether or not
the calculated average value PAa is 50% or less of the initial
pulse wave amplitude PAi. When PAa>0.5PAi, the CPU 10
goes to the next step 110. When PAa<0.5PAi, the CPU 10
goes to the next step 109.

[0198] Instep 109, the CPU 10 records the current inclina-
tion angle of the ground B as a limit inclination angle, and
goes to the next step 111. Here, step 109 is executed is in a
state in which the pulse wave amplitude PA of the user is 50%
or less of that at the start of the stretch game, i.e., it can be
determined that “the user has much difficulty.” In the stretch
game, when it can be determined that the user has much
difficulty, the CPU 10 determines that the current inclination
angle of the ground B is a limit for the user, and updates the
limit ground angle data Dp using the inclination angle.
[0199] On theotherhand, in step 110, the CPU 10 increases
the inclination angle of the ground B by a predetermined
angle, and goes to the next step 111. For example, the CPU 10
adds a predetermined angle to an inclination angle indicated
by the ground angle data Do to calculate a new inclination
angle, and updates the ground angle data Do using the calcu-
lated inclination angle.

[0200] Instep 111, the CPU 10 generates the ceiling T and
the ground B (obstacle images) based on a rising/falling fre-
quency indicated by the rising/falling frequency data Dn and
an inclination angle indicated by the ground angle data Do,
displays the ceiling T and the ground B on the monitor 2, and
goes to the next step. For example, the CPU 10 displays the
ceiling T which is scrolled while adjusting a shape of the
ceiling T so that the ceiling T rises and falls at a rising/falling
frequency indicated by the rising/falling frequency data Dn,
when the player character PC flies in the virtual game world.
The CPU 10 also displays on the monitor 2 the ground B
which is inclined at an inclination angle indicated by the
ground angle data Do in the virtual game world.

[0201] Next, the CPU 10 determines whether or not to end
the stretch game (step 112). For example, the stretch game is
ended under conditions that conditions under which the game
is over are satisfied, that the user performs an operation of
ending the stretch game, or the like. The CPU 10, when not
ending the stretch game, returns to step 84 (see FIG. 21) and
repeats the process thereof, and when ending the stretch
game, ends the subroutine process.

[0202] Referring back to FIG. 20, after the stretch game
process of'step 48, the CPU 10 acquires data indicating opera-
tion information from the core unit 70 (step 49), and goes to
the next step. Note that the process in step 49 is similar to that
in step 42 and will not be described in detail.

[0203] Next, the CPU 10 calculates a relax fluid amount of
the user after the stretch game (step 50), and goes to the next
step. Note that the process in step 50 is similar to that in step
43 and will not be described in detail.

[0204] Next, the CPU 10 generates an image representing
biological information which indicates a current user’s relax
fluid amount (after the stretch game) and a user’s relax fluid
amount before the start of the stretch game as respective fluid
levels, displays the image on the monitor 2 (step 51; see FIG.
18), and goes to the next step. For example, the CPU 10
generates a biological information image indicating heights
of fluid levels which represent a relax fluid amount indicated
by the relax fluid amount data De as a current user’s relax
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fluid amount and a relax fluid amount indicated by the initial
relax fluid amount data Dg as a user’s relax fluid amount
before the start of the stretch game. The CPU 10 also com-
pares the current user’s relax fluid amount with the relax fluid
amount before the start of the stretch game to calculate an
increase ora decrease in user’s relax fluid amount. Thereafter,
the CPU 10 displays the biological information image and an
imageindicating the increase or decrease on the monitor 2. As
aresult, the user can find out how their relax fluid amount has
been changed by performing the stretch game.

[0205] Next, the CPU 10 calculates a user’s physical result
of the stretch game, displays the physical result on the moni-
tor 2 (step 52), and goes to the next step. For example, the
CPU 10 uses the result of the stretch game to calculate the
pliancy of the user’s body as a physical result. Specifically,
the CPU 10 displays the pliancy (pliancy score) of the user
using a limit inclination angle indicated by the limit ground
angle data Dp. As an example, the CPU 10 compares the
user’s limit inclination angle with an ideal inclination angle in
the stretch game, calculates a user’s pliancy (pliancy score)
based on a difference therebetween, and displays the user’s
pliancy.

[0206] Next, the CPU 10 determines whether or not to end
the process (step 53). For example, the process is ended under
conditions that conditions under which the game is over are
satisfied, that the user performs an operation of ending the
stretch game, or the like. The CPU 10, when not ending the
process, returns to step 42 and repeats the process thereof, and
when ending the process, ends the process of the flowchart.
[0207] Thus, according to the aforementioned information
process, predetermined presentation is performed using not
only a current user’s biological signal, but also a current
user’s motion or attitude. Therefore, the user can recognize a
state of their body to further extent. and promote a change in
body state by utilizing a motion or an attitude of the user in
combination. For example, in the stretch game, an obstacle
image (the ceiling T)is generated based on a user’s biological
signal (respiration frequency obtained from a pulse wave
signal). Also, in the stretch game, the second player character
PC2is moved up and down based on a user’s biological signal
(the act of inhaling/exhaling obtained from a pulse wave
signal). Moreover, in the stretch game, a color or countenance
of the player character PC is changed and an inclination angle
of an obstacle image (the ground B) is controlled based on a
user’s biological signal (the level of difficulty or easiness of
the user obtained from a pulse wave signal). On the other
hand, in the stretch game, the player character PC is inclined
based on a current user’s motion or attitude (an attitude of the
core unit 70).

[0208] Notethat, in the stretch game, an obstacle image (the
ceiling T and the ground B) is used to instruct the user to take
apredetermined motion or attitude. Here, rising and falling of
the ceiling T and an inclination angle of the ground B are
controlled based on a user’s biological signal. Alternatively,
they may be controlled irrespective of a user’s biological
signal. For example, the ceiling T may be controlled at a
predetermined rising/falling frequency, and an inclination
angle of the ground B may be controlled to gradually increase
to a predetermined angle, whereby rising and falling of the
ceiling T and an inclination angle of the ground B can be
controlled irrespective of a user’s biological signal. In this
case, although the user is instructed to take a predetermined
motion or attitude irrespective of a user’s biological signal or
information obtained from the core unit 70, the player char-
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acter PC (upward and downward movements, inclinations, a
color or countenance, etc.) is controlled based on both auser’s
biological signal and a current user’s motion or attitude (an
inclination of the core unit 70). Note that, when the present
invention is applied to other games, various ways of instruc-
tion and control may be contemplated.

[0209] Note that, in the description above, predetermined
presentation is performed using parameters, such as a heart
rate variance coefficient, a relax fluid amount, a cardiac cycle
(R-R interval), a heart rate HR, a respiration frequency, a
pulse wave amplitude PA, a difficulty or easiness level, and
the like, which are obtained from a user’s biological signal
(pulse wave signal). Alternatively, other parameters obtained
from a user’s biological signal (pulse wave signal) may be
used. As a first example, predetermined presentation may be
performed using a blood flow rate obtained from a user’s
biological signal (pulse wave signal). For example, the blood
flow rate can be obtained by dividing a pulse wave area PWA
(see FIG. 9) obtained from a pulse wave signal by a heart rate
HR. As a second example, predetermined presentation may
be performed using a user’s tension or liveliness level (an
activity level of the sympathetic nervous system) obtained
from a biological signal (pulse wave signal). For example, a
heart rate HR of the user at rest is compared with a current
heart rate HR to calculate a user’s tension or liveliness level
(e.g., (current heart rate HR/heart rate HR at rest)x100).

[0210] Also, in the description above, a portion (e.g., a
fingertip) of the user’s body is irradiated with infrared light,
and a user’s biological signal (pulse wave signal) is obtained
based on the amount of infrared light which is transmitted
through the body portion and is sensed, i.e., a change in
volume of a blood vessel is detected by a so-called optical
method to obtain a volume pulse wave. Alternatively, in the
present invention, a user’s biological signal may be acquired
using sensors of other types which obtain physiological infor-
mation which occurs when the user performs a physical activ-
ity. For example, a user’s biological signal may be acquired
by detecting a change in pressure in a blood vessel due to
pulsation of the arterial system to obtain a pressure pulse
wave (e.g., a piezoelectric method). Alternatively, a muscle
potential or a heart potential of the user may be acquired as
user’s biological information. The muscle or heart potential
can be detected by a commonly used method employing
electrodes. For example, a user’s biological signal can be
acquired based on, for example, a minute change in current in
the user’s body. Alternatively, a blood flow of the user may be
acquired as user’s biological information. A blood flow is
measured as a pulsating blood flow per heart pulse using an
electromagnetic method, an ultrasonic method or the like,
thereby making it possible to acquire the pulsating blood flow
as auser’s biological signal. A vital sensor may be attached to
a portion (e.g., a chest, an arm, an ear lobe, etc.) other than a
finger portion of the user so as to obtain various biological
signals described above. Strictly speaking, there may be a
difference between pulsation and heartbeat, depending on the
acquired biological signal. However, a heart rate and a pulse
rate are considered to be substantially equal to each other, and
therefore, the acquired biological signal can be processed in a
manner similar to that of the aforementioned process.

[0211] Also, in the description above, the vital sensor 76
transmits data indicating a pulse wave signal to the game
apparatus body 5, which in turn calculates various parameters
from the pulse wave signal. Alternatively, data in other pro-
cess steps may be transmitted to the game apparatus body 5.
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For example, the vital sensor 76 may calculate a parameter,
such as a heart rate variance coefficient, a relax fluid amount
(an activity level of the parasympathetic nervous system), a
cardiac cycle (R-R interval), a heart rate HR, a respiration
frequency, a pulse wave amplitude PA, an activity level of the
sympathetic nervous system, a difficulty or easiness level or
the like, and transmit data indicating the parameter to the
game apparatus body 5. Alternatively, data halfway through
calculation of the parameter from a pulse wave signal may be
transmitted from the vital sensor 76 to the game apparatus
body 5.

[0212] Also, in the description above, a current user’s
motion or attitude (a motion of the core unit 70) is detected
using an acceleration indicated by triaxial acceleration data
obtained from the acceleration sensor 701. Alternatively, a
current user’s motion or attitude may be detected using data
outputted from sensors of other types fixed to the core unit 70.
For example, it is possible to use data outputted from a sensor
(an acceleration sensor, an inclination sensor) which outputs
data corresponding to an inclination of the core unit 70 with
respect to adirection of gravity (hereinafter simply referred to
as an “inclination”), a sensor (a magnetic sensor) which out-
puts data corresponding to an orientation of the core unit 70,
a sensor (a gyro-sensor) which outputs data corresponding to
a rotational movement of the core unit 70, or the like. The
acceleration sensor and the gyro-sensor may be either one
which can detect accelerations along multiple axes or one
which can detect an acceleration along only a single axis.
Alternatively, these sensors may be combined to perform
more accurate detection. Note that a camera (e.g., the imaging
information calculation section 74) fixed to the core unit 70
can be used as the sensor. In this case, an image captured by
the camera varies, depending on a motion of the core unit 70,
and therefore, the motion of the core unit 70 can be deter-
mined by analyzing the image.

[0213] Thesensor may be provided outside the core unit 70,
depending on the type thereof. As an example, a camera as the
sensor is used to shoot the whole core unit 70 outside the core
unit 70, and an image of the core unit 70 included in the
captured image is analyzed, thereby making it possible to
determine a motion of the core unit 70. Moreover, a system
including a unit fixed to the core unit 70 and another unit
provided outside the core unit 70, which cooperate with each
other, may be used. As an example, a light source unit is
provided outside the core unit 70, and a camera fixed to the
core unit 70 is used to capture light from the light source unit.
By analyzing an image captured by the camera, a motion of
the core unit 70 can be determined. As another example, a
system including a magnetic field generator provided outside
the core unit 70 and a magpetic sensor fixed to the core unit
70, or the like, may be used.

[0214] When the sensor can be provided outside the core
unit 70, the core unit 70 may not be used. As an example, a
camera as the sensor is used to simply shoot the user, and an
image of the user included in the captured image is analyzed,
thereby making it possible to determine a user’s motion or
attitude. Alternatively, a sensor which is provided in an input
device which is operated by the user standing thereon (e.g., a
board controller), and senses a weight acting on the input
device or the presence or absence of an object, can be used to
determine a motion or an attitude of the user operating the
input device. If sensors of these embodiments are used to
determine a user’s motion or attitude, the core unit 70 may not
be used.
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[0215] Also, in the description above, a motion of the
player character PC, a displayed state of the player character
PC, or an obstacle image is changed, depending on a current
user’s biological signal and a current user’s motion or atti-
tude, thereby presenting an image indicating a current user’s
state, an instruction image for prompting the user to change
their state, or the like. Alternatively, presentation to the user
may be performed in other fashions. For example, informa-
tion indicating a current user’s motion or attitude, an instruc-
tion for prompting the user to change their state, or the like
may be presented using audio, light or the like, depending on
a current user’s biological signal and a current user’s motion
or attitude. For example, audio can be emitted via the loud-
speakers 2a or the loudspeaker 706 in the game system 1.
Specifically, a frequency at which the user should breathe
may be indicated by alternately repeating speech sounds
“inhale” and “exhale” instead of presenting the ceiling T
which rises and falls. Also, an instruction for the user to act
may be provided by repeatedly emitting a speech sound
“incline a little more” until a limit inclination angle is
reached, and emitting a speech sound “stop now” when the
limit inclination angle is reached, instead of presenting the
ground B which is inclined.

[0216] Also, in the description above, a game is used in
which the player character PC is moved in a two-dimensional
virtual game world, depending on a user’s pulse wave signal
and an inclination of the core unit 70. The present invention is
applicable to a game in which the player character PC is
moved in a three-dimensional virtual game space, and the
way in which the player character PC is displayed is changed.
[0217] Also, in the examples above, the present invention is
applied to the stationary game apparatus 3. The present inven-
tion is also applicable to any apparatus that includes at least a
vital sensor, a sensor (e.g., an acceleration sensor, an inclina-
tion sensor, efc.) for detecting a user’s motion or attitude, and
an information processing device for executing a process,
depending on information obtained from these sensors. For
example, the present invention is also applicable to general
devices, such as a personal computer, a mobile telephone, a
Personal Digital Assistant (PDA), a hand-held game appara-
tus, and the like.

[0218] Also, in the description above, the core unit 70 and
the game apparatus body 5 are connected by wireless com-
munication. Alternatively, the core unit 70 and the game
apparatus body 5 may be electrically connected via a cable. In
this case, a cable connected to the core unit 70 is connected to
a connection terminal of the game apparatus body 5.

[0219] Also, of the core unit 70 and the vital sensor 76
constituting the controller 7, the communication section 75 is
provided only in the core unit 70. Alternatively, a communi-
cation section which wirelessly transmits biological informa-
tion data to the game apparatus body 5 may be provided in the
vital sensor 76. Alternatively, the communication section may
be provided in each of the core unit 70 and the vital sensor 76.
For example, the communication sections provided in the
core unit 70 and the vital sensor 76 may each wirelessly
transmit biological information data or operation data to the
game apparatus body 5. Alternatively, the communication
section of the vital sensor 76 may wirelessly transmit biologi-
cal information data to the core unit 70, and the communica-
tion section 75 of the core unit 70 may receive it and thereafter
may wirelessly transmit operation data of the core unit 70
along with the biological information data of the vital sensor
76 to the game apparatus body 5. In these cases, the connec-
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tion cable 79 for electrically connecting the core unit 70 and
the vital sensor 76 is no longer required.

[0220] Also, the shape of the core unit 70 and the shapes,
number, arrangement and the like of the operation sections 72
thereon, which are described above, are only for illustrative
purposes. Even in the case of other shapes, numbers, arrange-
ments and the like, the present invention can be achieved.
Also, the shape of the vital sensor 76 and the types, number,
arrangement and the like of the components therein, which
are described above, are only for illustrative purposes. Even
in the case of other types, numbers, arrangements and the like,
the present invention can be achieved. Also, the aforemen-
tioned coefficients, criteria, expressions, procedures and the
like used in the processes are only for illustrative purposes.
Even in the case of other values, expressions and procedures,
the present invention can be achieved.

[0221] Also, the game program of the present invention
may be supplied to the game apparatus body 5 not only from
an external storage medium, such as the optical disc 4 or the
like, but also via a wireless or wired communication line.
Alternatively, the game program may be previously stored on
a non-volatile storage device of the game apparatus body 5.
Examples of the information storage medium storing the
game program includes a CD-ROM, a DVD, an optical disc-
like storage device similar to those, and a non-volatile semi-
conductor memory.

[0222] The storage medium having stored thereon the
information processing program and the information process-
ing device according to the present invention are capable of
prompting the user to change their state by performing pre-
determined presentation using a current user’s biological sig-
nal and a current user’s motion or attitude. Therefore, the
present invention is useful as an information processing pro-
gram, an information processing device and the like which
manage user’s biological information or the like, and a game
program, a game apparatus and the like which perform game
processing using user’s biological information or user’s
operation information.

[0223] While the invention has been described in detail, the
foregoing description is in all aspects illustrative and not
restrictive. It is to be understood that numerous other modi-
fications and variations can be devised without departing
from the scope of the invention. Itis also to be understood that
the scope of the invention is indicated by the appended claims
rather than by the foregoing description. It is also to be under-
stood that the detailed description herein enables one skilled
in the art to make changes coming within the meaning and
equivalency range of the present invention. It is also to be
understood that all of the patents, patent applications and
publications recited herein are hereby incorporated by refer-
ence as if set forth in their entirety herein.

[0224] It should be understood throughout the present
specification that expression of a singular form includes the
concept of their plurality unless otherwise mentioned. Spe-
cifically, articles or adjectives for a singular form (e.g., “a”,
“an”, “the”, etc. in English) include the concept of their
plurality unless otherwise mentioned. It should be also under-
stood that the terms as used herein have definitions typically
used in the art unless otherwise mentioned. Thus, unless
otherwise defined, all scientific and technical terms have the
same meanings as those generally used by those skilled in the
art to which the present invention pertain. If there is contra-
diction, the present specification (including the definitions)
precedes.
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What is claimed is:

1: A method comprising:

wirelessly receiving, at a portable device, physiological
data wirelessly transmitted from a physiological sensor;

acquiring acceleration data indicative of aspects of a
motion of the portable device;

receiving inputs to a touch input device of the portable
device;

storing the physiological data and the acceleration data;
wirelessly receiving, at the portable device, vibration
control signals for controlling a vibration circuit of the
portable device;

wirelessly transmitting the physiological data and the
acceleration data to a computer device; and

presenting a presentation, at the computer device, based on
both the physiological data and the acceleration data.

2: A system comprising:

a physiological sensor for generating physiological data
associated with a user bearing the physiological sensor,
the physiological sensor being configured to wirelessly
communicate the physiological data; and

a portable device comprising:

a touch input device;

an accelerometer for generating accelerometer data
indicative of activity of the user;

wireless communication circuitry for receiving the
physiological data;

memory for storing the accelerometer data and the
physiological sensor data; and

a vibrator for providing tactile output to the user,

wherein the wireless communication circuitry transmits
the physiological data and the accelerometer datato a
computer device for use in a presentation application.

3: The system according to claim 2, wherein the physi-
ological sensor comprises an optical sensor.

4: The system according to claim 2, wherein the physi-
ological sensor generates physiological data associated with
heart rate.

5: The system according to claim 2, wherein the acceler-
ometer comprises a triaxial accelerometer.

6: The system according to claim 2, wherein the portable
device further comprises a connector configured for connect-
ing to a cable.

7: The system according to claim 2, wherein the wireless
communication circuitry of the portable device is configured
to receive vibrator control signals from the computer for
controlling the vibrator.

8: A portable device for use in a system comprising a
computer device, the portable device comprising:

atouch input device for receiving a touch input from a user
bearing the portable device:

an accelerometer for generating accelerometer data indica-
tive of activity of the user;

a gyroscope for generating gyroscope data indicative of
activity of the user;

a magnetic sensor for generating magnetic field data
indicative of a detected magnetic field;

a physiological sensor for generating physiological data
associated with the user;

memory for storing the accelerometer data, the gyroscope
data and the physiological data;

wireless communication circuitry for wirelessly commu-
nicating the accelerometer data, the gyroscope data and
the physiological data to the computer device; and
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a vibrator configured to provide tactile output to the user.

9: The portable device according to claim 8, wherein the
physiological sensor comprises an optical sensor.

10: The portable device according to claim 8, wherein the
accelerometer comprises a triaxial accelerometer.

11: The portable device according to claim 8, wherein the
wireless communication circuitry is configured for Bluetooth
communication.

12: The portable device according to claim 8, wherein the
physiological sensor generates physiological data associated
with heart rate.

13: The portable device according to claim 8, further com-
prising:

a connector configured to receive a connection cable.

14: The portable device according to claim 8, further com-
prising:

a light detector.

15: A portable device for an activity monitoring system
comprising a computer device, the portable device compris-
ing:

a button for receiving input of a user bearing the portable

device;

a plurality of LEDs for outputting information to the user;
an accelerometer for generating accelerometer data
indicative of activity of the user;

an optical physiological sensor for generating physiologi-
cal sensor data associated with the user;

memory for storing the accelerometer data and the physi-
ological sensor data;

wireless communication circuitry for wirelessly commu-
nicating the accelerometer data and the physiological
data to the computer device;

a vibrator configured to provide tactile output to the user;
and

an electrical connector.

16: The portable device according to claim 15, wherein the
accelerometer comprises a triaxial accelerometer.

17: The portable device according to claim 15, wherein the
wireless communication circuitry is configured for Bluetooth
communication.

18: The portable device according to claim 15, wherein the
optical physiological sensor generates physiological data
associated with heart rate.

19: The portable device according to claim 15, wherein the
electrical connector is configured for connecting to a cable.

20: An activity monitoring system comprising:

a physiological sensor for generating physiological data
associated with the user bearing the physiological sen-
sor, the physiological sensor being configured to wire-
lessly communicate the physiological data;

a portable device comprising:

a touch input device;

an accelerometer for generating accelerometer data
indicative of activity of the user;

wireless communication circuitry for receiving the
physiological data; and

memory for storing the accelerometer data and the
physiological data,

wherein the wireless communication circuitry transmits
the physiological data and the accelerometer data; and

a computer device comprising:
wireless communication circuitry for receiving the

accelerometer data and the physiological data com-
municated by the portable device; and
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processing circuitry configured to generate display data
based on one or more of the received accelerometer
data and the physiological sensor data.

21: The activity monitoring system according to claim 20,
wherein the physiological sensor comprises an optical sensor.

22: The activity monitoring system according to claim 20,
wherein the physiological sensor generates physiological
data associated with heart rate.

23: The activity monitoring system according to claim 20,
wherein the accelerometer comprises a triaxial accelerom-
eter.

24: The activity monitoring system according to claim 20,
wherein the wireless communication circuitry of the portable
device and the computer device are configured for Bluetooth
communication.

25: The activity monitoring system according to claim 20,
wherein the computer device further comprises amemory and
the processing circuitry stores received physiological sensor
data as a history in the memory.

26: The activity monitoring system according to claim 20,
wherein the display data comprises an animated character
corresponding to the user.

27: A portable device for an activity monitoring system
comprising a computer device, the portable device compris-
ing:

a plurality of LEDs for outputting information to a user;

an accelerometer for generating accelerometer data indica-

tive of activity of the user;

a physiological sensor comprising an electrode for gener-

ating physiological sensor data associated with the user;
memory for storing the accelerometer data and the physi-
ological sensor data;

wireless communication circuitry for wirelessly commu-

nicating the accelerometer data and the physiological
data to the computer device;

a vibrator for providing tactile output to the user; and

a connector configured for connecting to a cable.
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28: The portable device according to claim 27, further
comprising:

a touch input device.

29: A portable device for an activity monitoring system
comprising a computer device, the portable device compris-
ing:

a button input;

an accelerometer for generating accelerometer data indica-

tive of activity of the user;

an optical physiological sensor for generating physiologi-

cal data associated with the user;

memory for storing the accelerometer data and the physi-

ological sensor data;

wireless communication circuitry for wirelessly commu-

nicating the accelerometer data and the physiological
data to the computer device;

a vibrator for providing tactile output to the user; and a

connector configured for connecting to a cable.

30: The portable device according to claim 29, further
comprising:

a touch input.

31: A portable device for an activity monitoring system
comprising a computer device, the portable device compris-
ing:

a touch input device;

a plurality of LEDs for outputting information to a user;

an accelerometer for generating accelerometer data indica-

tive of activity of the user;

an optical physiological sensor for optically sensing a

physiologic characteristic associated with blood flow of
the user and generating physiclogical data based
thereon;

memory for storing the accelerometer data and the physi-

ological data;

wireless communication circuitry for wirelessly commu-

nicating the accelerometer data and the physiological
data to the computer device; and

a connector configured for connecting to a cable.
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